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[DESCRIPTION] [Invention Title] ROTOR FOR GENERATI NG
VORTEX WATER FLOW AND FI LTERI NG APPARATUS EMPLOYI NG
THE SAME 5 [Technical Field] The present invention
relates to a rotor for generating vortex water flow
and a filtering apparatus enploying the sane, and
nore particularly, to a separation nenbrane filtering
apparatus for filtering pollutant in water containing
lmggcﬁﬂﬂﬂQﬁant material to a clean purified water, and
a rotor for generating vortex water flow 10 enpl oyed
[lhverttioa Tdede. [ Background Art] The filtering apparatus
for purifying water by filtering the pollutant in the
pol IROEORVIEDR IGENERATENG VOREGN WeekERFLO W, ANDOE. TERING
menbr ane t hrough which the polluted water passes. The

APPARATESEMPLOTENGAtHE Badmat er is filtered by the
porous 15 nmenbrane, by which the water passing through

o menbrane i s discharged as a clean water.
rﬁﬁgn%?g§ﬁ§%1hardest to overcone in such a liquid-solid

sepaf,ation techni que ' i

2br I THGer Parish P L AP b forah g R fork 81

separati on capacity of the separatjon nbr ane t he
flt e oA RpAr AT P HEe Hiecipmer and R el 28 Sibapdfin

filtered liquid is reduced or the pores are bl ﬁf?ke?l %
mepbeansdilteaingapparates foricsing potlptaphie VeiFrroqBRIRe HigPoutat

separati on nmenbrane or to the inner surface of the
mafeoiab® a dean piftedevaterpanda rasor for genesaiingavopig veatsy flop

nmet hods have been proposed in the past several

. empRgediasthe Baié.der to sol ve such a problem USP

3,437,208, Apparatus for Dynamic Filtration for
[Bacdkyidad Av@s proposed the -1

The filtering apparatus for purifying water by filtering the pollutant in the
polluted water is generally equipped with a porous membrane through which the
polluted water passes. The pollutant in the polluted water is filtered by the porous
membrane, by which the water passing through the porous membrane is discharged as a
clean water.

The problem hardest to overcome in such a liquid-solid separation technique
using the porous membrane is the abrupt declination of the liquid(or gas)-solid
separation capacity of the separation membrane as the size of the pores that are the
passages of the filtered liquid is reduced or the pores are blocked by the solid material
adhered to the surface of the separation membrane or to the inner surface of the pores
during the separation process. A variety of methods have been proposed in the past
several decades in order to solve such a problem.

USP 3,437,208, Apparatus for Dynamic Filtration for Liquids, has proposed the
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structure that a rotary type (or fixed type) disks
havi ng bl ades are di sposed between the piled fixed
type (or rotary type) separation nenbranes and are
rotated, thereby preventing the declination of shear
intensity for the separation nenbranes by generating
shear force for detaching the pollutant adhered to the
surface of the separation 5 nmenbranes. USP 4, 033 759,
strusppe that asotarydy Sy e Sixed iebisks bavingmbladescrexlisposed bepyeen the
of a rotary concentrator for solids containin%
pildd fistedstypedios edtayetspd)sepatiarcnembranheandsars heatel sthegby
nounted on the rotating part, that is, on the outer _
preGéititig thed&MNhhdn Sfshbadetenfityt foe thessyparatisi mgmbtrake by fenerating
the rotary type disk or the rotary type separation
sheﬁﬁfg%e%? det@hih® thkGoliataat £iREANE thd\@irfidé BFthe geReaion’ a
ousl ng. According to such a construction, the
| em occurring in the structure that the rotary
Hwﬁ@ggw‘or fixed type) disks are disposed between the

pi | i p or, rot tvpe) [.GR:;
D st fO5baRY Kprgihos S e R TR ARG e FERIALE
t he di spl acenent..in the shaf jrection of th di sk .
IOty €OREEIIRAET HTselidy @n&@lf@g&@'ﬁdﬁegﬁ‘é‘fwé € Biefre e 5B is so
of the disk are prevented and 15 therefore the
mognted iohitheroggting partsipet isnen the outes giscurgisentiabsustage af they o
separati on nmenbrane | eaf and rotary separation

suppppagailats of tembairnivpg diskatr theewotary teps, sepiraiédoromembrane, as to
structure that a fixed type partitions made of

rotitk Qnblike pEterdcads Aathodkiaposadedéingee sudhirecqpstradion, the
rotary type separation nenbrane units to prevent the

pro%fén? bR ANinARe bRGorite 993 Whetrofiry HyRleqBERx@iNgpé)Ritsks are disposed

reakdown of the 20 separati on nenbranes caused by the

betRARE the FRlod Tixed é%&rgg%@@e? géﬂg%&tfoﬁ SERRLALOk iR USP

separati on devi 9,245, Dynamc filter
R
MEHEARLIE MR T 2
the?erfgre ﬂ-‘lez stability of the system increases.

USP 5,275,725, Flat separation membrane leaf and rotary separation apparatus
containing flat membranes, discloses the structure that a fixed type partitions made of
flexible material are disposed between the piled rotary type separation membrane units
to prevent the deformation by the pressure difference and the breakdown of the
separation membranes caused by the same.

USP 5,415,781, Dynamic filter separator and separation device, and USP
5,679,245, Dynamic filter system, disclose the structure of separation apparatus having

the fixed type separation membranes and the rotary type disks with blades.

In such conventional filtering apparatuses, as mentioned above, the disks are
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di sposed between the separation nenbranes in order to
reduce the adhesion of solid material on the surface
of the nmenbranes by generating strong shear rate on
the surface of the separation nenbranes through the
rel ati ve novenent between the separation nenbranes
and the disks. However, the shear rate on the surface
of the nmenbrane by 5 the relative novenent d creases .
dispseil beisteyn the seheralios mgmbeeanss inrder toreduce ﬂéﬁ‘r%ﬁ’%‘ﬁn of solid
menbrane and the di sk becones great. If the distance
mateiteethe shfacayfahaticmbranee b gemeeatingstiong skitas katp e dheestirface
small in order to increase the shear rate, the _
of 58 B&addticAnerBah¢ésaifougn thd Rttt stovemyniceny et thevsdpfaration
each other by the pressure difference between both

meﬁib%ﬁs ohd tRei gk skHbRebaUaR shéie ralavhaR: QRfatHef e Mkntbiene by
so the precise treatment 10 and accurate assenbly are

the[r%l%ﬁ'ire[ %gvérﬁerﬁrd%¥r%€%$s SUEsE RROUSEncBthBer MY sERSfon

I nNCrease O e manuracturing costs. Furthernore,

the pregsure decrease occ as the ' ong
SRR e T e
menbrane - disk - separation nembraneéﬁtr#cture, and ation
mepgae g dher K besomes SR BHeTIA RefreAbe iegr BRe PR
order to maintain proper filtering pressure
meprbeansrand theedidle tay gertagh wige pach okl g’é’ ﬂb%@?“&%ﬁ@“gf@ﬁ? Pefyyeen
such a pressure decrease. However, that causes the
bothnides a$ theafisk toeaustrthe largageost the arenbranea ge thepreassstregtment
whi ch deteriorates the econom cal performance of the

and¥ELeMR addSHbE, atéFeqdfibd tohreadnt kuuted problbnd, Mhichamappause the
system and USP 6,416,666, Sinplified filtration

incpohsSd 6Mhe MRaERARINLRS sk € ChiI¥RIotd) Ble frERukaitticaldigrlus as the
orce and the 20 rotational force are applied to the

ﬂqud! {4 Wbk N6 bREARI b by BE plikdbébaRifioh Ghebhirag { sk -

ranes. "According to that, the

novenent of the fluid t e | ;
serBnnuEoPes Bswt 9 Peliidep v SRSk E dreater pressure in
material .on the_surface of the nmenbranes.
ordeg i< RRPHAR BEoPeB T GBS ERTEt B CERRptePTaegRpmance by
fixed type spokes are disposed radially hetween ”}%h
compersating sichmanrpysaisalecreass. c Hlongves thaigausgs the mcrease of the

driving costs and management costs, which deteriorates the economical performance of
the system.

USP 6,165,365, Shear localized filtration system, and USP 6,416,666,
Simplified filtration system, disclose the technique that the centrifugal force and the
rotational force are applied to the fluid with the viscosity of the fluid by rotating the
piled separation membranes. According to that, the movement of the fluid between the
separation membranes is caused to reduce the adhesion of solid material on the surface
of the membranes, Furthermore, four through sixteen, optimally eight, fixed type

spokes are disposed radially between the separation membranes, which makes the
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pressure distribution uniformand the speed of fluid
bet ween t he spokes and the nenbranes great to
i ncrease the shear intensity, thereby preventing the
adhesion of the solid material. The above patent
descri bes that the spokes pronote the turbulent flow 5
phenonmenon at the surface of the nenbranes. However,
it is considered that the effect of inducing the
pressurdxdisibution onifors apdi the spded of Suidshatween the spekssantthene
circunferential direction and the radial direction is
mehidRine@preh hcriierhd drear intdnsitg phdreby preverimgahoadhesion of the
patent only has the effects that the uniform pressure
solfi mitediqution is achieved in the filter pack, and the
adhesion of the solid material is mnimzed due to the

changg ghvd PhemRe 1&9&%? tHel spbkbsrohbR tBéifurRadentdlow he
ne %y the I

menbra change of the volune in the space from

ph%l%%ﬁﬁl? ﬁf?‘e Eﬁﬁ%@%gﬂéeéﬁgﬂab‘éﬁeﬁ QG iR R Ridyroa Bri ot
of RdheiBa tequrtHiEns BB I ARy pes Be Ty btk DB

flow around the separation nenbrapes.. However, th
dirpationand dhegpdiehdiraeBon oMoV  HIFESTPICyITg SRYRSSyR the above
surface of the nenbranes nerely with the change of the
patsplamily bds the effettHihat the unifbem pressure distrilintion fis ackipyeain &y filter
menbrane - disk - separation nenbrane, or separation
padke Bt @8 adheskqodfithe salizpaattialds misintizehducdo tlwt chaogs efithe ppeed
the conventional art proposed under such a purpose is
of fliiiat & suFEcAS A hetitarRiby4ho ildngd o dicosdurhdim the space from
separation apparatus having separation 20 nenbrane -

r ;= i on menbrane construction which is
thecﬁ??%gtf%l}]@g&%@n%t he above separation nenbrane - disk -

sepagati or I At : - ;

coparSieBioREBH 85dh offer RARRALCR, ARERGAR e PRR Kbteral a

t he_ rot is shaped into ngt. th di t. r
sy op e BPeBA B Gt Bt b pesidbeiad B ipfieh@{the Bitar rae

flow but also the_ _turbulent flow betVﬁen theth . £ the
by yeiplizing therdlavesonac the separaiRyRFRAEnes),, T o¥EYeGfUp ELELT &

-4

shear rate of the fluid at the surface of the membranes merely with the change of the

speed of fluid by the relative movement of separation membrane - disk - separation
membrane, or separation membrane - spoke - separation membrane construction in the
conventional art proposed under such a purpose is limited.

SE 451429 and SE 459475 disclose the separation apparatus having separation
membrane - rotor - separation membrane construction which is different from the above
separation membrane - disk - separation membrane, or separation membrane - spoke -
separation membrane construction. In those patents, the rotor is shaped into not the
disk but a bar, so the rotation of the rotor causes not only the shear flow but also the

turbulent flow between the separation membranes. It provides low loss of pressure
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since the passage between the nenbranes is narrow in
conparison with the system having the disk type
rotor, and furthernore, the bar shape rotor proposed
in those patents has great influence on prevention of
adhesion of solid material. However, that effect is
not sufficient in fact, so the regenerati on process
for the separation nenbranes 5 has to be perforned
sinpetha Ipassage batween diciRenaiyangsds RHERME IMEMRPaSisan Watb the fypim
t he regeneration process for the separation nenbranes
havisg theeligkrtgpessor, mat fusthmeadrasthe hbr shaperenior propdsed &n those
brush or a valve is attached on the bl ade of the
pates Bas @ast ihflGen¥aba hraendsthef aitiesion bhelikimétadal. oflowreser, that
separation nmenbrane is renoved by rotating it, which

effl3Ss AR SufTRRnt GPALN Go HRabgdribmitibl pRQUeffor GRAkhaBtiONmE®ranes
surface of the separation nmenbrane is also renoved

hagﬁﬁkqgﬂﬁﬁﬁ&imgﬁ@ﬁ ss. In order to conpensate such a

shortcom ng, urface of the nenbrane is newy
ted, , h a. ' i 0f
¢ cacneRtTE B satEmeRiRA A Roa O RrEbr Rl TSR o
SRR AREMDTHAS 1 GeowsTt AT ST DEP AT R @

regeneration is not easy. The above 15 nenti oned ?E

valag gvarscladopobie bladp of therivn 20é thepatedal @dhered to,ihs spfgeegf the
piling up the filter units. USP 6,027,656 proposes a

sepReti@n andnobrackeisiremotdudty mamgnetvhichchas tle sheetcoming that the
nmechani cal regenerati on process since the stronger

porous bodt@mtonfthewirfate of theceparhbénmembrank és atgortEnzoved dwiingthat
the rotor of which shape is nodified fromthe bar

proRBRPE I BFRRF to ctitngda¥RY Qiich aSShbABERINg! the Rutfadtoffthomeinbrane is
not expected since the enployed rotor nerely consists

ne&?fy JoWRAPLAGER:, SEH & H{%Eﬁg},ri%l S dﬂ%ﬁﬁ)ﬂ?ﬁéin%né RBehdhtfn process
a“sole factor 'in controlling the nagnitude of the
turbul ent .fl ; di i .

cof PR b ASCAIARG e REalif 41 68 RABeth e
vari ous, kinds.of |iquid of yarious .char a%t eri St‘[jhgﬁbove-

hag tq b eehanggd Wy o W S TP HISHY! *FFe

above-nentioned 5 ) . -
mentioned SE 459475 proposes the method to increase the capacity by piling up the

filter units.

USP 6,027,656 proposes a separation device that does not require the
mechanical regeneration process since the stronger turbulent flow is induced between
the membranes with the rotor of which shape is modified from the bar shape rotor.
However, stronger turbulent flow is not expected since the employed rotor merely
consists of two blades. Furthermore, the speed of the rotor is a sole factor in
controlling the magnitude of the turbulent flow according to the kind or status of the
fluid to be processed, so it is very hard to separate various kinds of liquid of various

characteristics. In order to compensate such a shortcoming, the above-mentioned
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pat ent has proposed a nethod to equip an ultrasonic
wave or electric field generation apparatus together
with the rotors having various cross sectional shapes.
As describes so far, the nost effective nethod for
preventing the nost significant problem the adhesion
of foreign substance on the surface of the nenbranes,
5inthe liquid-liquid or liquid-solid separ%l'i n .
patemi@s Rraposessa mgthor 6o sain AR BItENORME MV E RESleFIEIC S 4?%89@1‘”0“
the shear stress at the surface of the nmenbranes as
apgiretad togsthpowith eerotdrs hiving vartoas szosy secbiogersiRese t he
turbulent flow for such a purpose, however, the nethod
t hatAs hasrib&sn iy, diRaaed effoctharmethod fepesventng the most
turbulent flowwthin alimted range. In particular,

sighfRastHrbble, HeRdReReY offRRipiylibslAni SoretheeGifast dfahé ndmbeancs,
the stronger turbulent 10 flow than the filter unit of

in ﬁqgthgﬁﬁ-ﬂ § or ﬁﬁlﬁ%—%éh% E‘eféga‘ﬁgg APFaratub héﬁ? theYRBardRGK Membranes

con uction 1 5%0r than the filter unit

. of separation ne ane.- di - [ :
s QARG o8 an By St of BlegpeRERREGH AP B RRNAE. 1t
bl ades, so th turpul ent flow is generated | gcal
NeGREATY KLESBTEIR 106 ﬁ%ﬂugﬁ o forsSuFy @ é‘gpé’rs“eel’f’évre"?ro fie dperhod that
stronger turbulent flow 15 Furthernore, although the
hag bagh gretfosed $q faF e susEiatedmbylentdowyythin g H&llﬁggﬁ'%‘?&ey ,In
viscosity, etc. requires turbulent flows of different
passiculenghdwnit meUSR 61927 S48, Whichvisofxpeeted tocimdueeethp strergsr tugpulent
be achieved only by the change of the rotational speed
floaf thihthefie® iini$ b eRarythee sspaptonmetibeancotired itgpef sprisel.
Therefore, the rotational speed has to be greater to

cokERefidt B TSR 636k 389 @F thaH ildHiRdtunit dF\eeppgRdhagbiaae t Hisk -
fluid of greater viscosity and 20 density, which

BRI OCSSHIE chiys St dafin oy onsies, ani
BRSBTS P R EREA 6 e
stronger turbulent flow.

Furthermore, although the fluid of different characteristics about the density,
viscosity, etc. requires turbulent flows of different strength, the turbulent flow of desired
magnitude can be achieved only by the change of the rotational speed of the rotor since
the shape of the rotor is fixed. Therefore, the rotational speed has to be greater to
generate the stronger turbulent flow regarding to the fluid of greater viscosity and
density, which causes the increase of the required driving energy and the loss of the
energy.

[Disclosure]

[Technical Problem]

The present invention has been proposed to overcome the above problems, and
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it is the object of the present invention to provide a
rotor for generating vortex water flow, and a rotary
type separation nmenbrane filtering apparatus enploying
the same, which can generate vortex water flow having
sufficient shear intensity with respect to the
separation nenbrane with [ ow driving energy, and al so
can generate optimzed 5 turbulent flow (especially,
it is/dmetog ctveff the preseni)inyension kesprapisiedspioatier geaerating vortex water
separation process of the fluid of different
flowhandae togary s§pece parpiiee tieimbedne Sdteving eppardius amploying thheame,
above-descri bed objects, the present invention

whithQh @eseratevoitex wated Flogeatmy sulcivmrshear inahgty witlowmspect to
conprising: a plurality of first blades extended in a

the]sg rfﬁirlgl fa%@t\ﬁlﬂﬂotvvrcﬁ'mlﬁ%é&?@ laR@lso A Serdch@E 8pfirized

ity of second bl adés extended in the

wr&ﬂgmeﬁo‘9 GLGBEIUET  DRATMHIP 1) Bt BIBbroBH - foPHIS separation.
flrst bI des a ectlo of the rotational axis.

Pm&ewfal?% ﬁ&ffiﬁger?r& g?faf)tre BFSabl e enmbodi ment of t he
resent inve tlon, the first blades and the second
chaiea! $rlyond dt hs different from each other in a
circunferenti al 15 direction around the rotational
axi sTo aghievetibe ahavetdentrihgd ©biests, the dreseridRYeNsion PEQVidesa rotor
so di sposed as to be overl apped with each other.

forAgnentinggortex witer Bee ormhpisaize n phirelity i digit ikades eftended in 2
present invention, the first blades and the second

radall AgtesticH BordliaspOS eI akisph&kbf: anda glurdlizy efisecbnd biadecdxtended
other in a circunferential direction around the

in ﬂl@trﬁilélml:tléﬁ(fém tﬁ@%tﬁtt&‘laf :!1)[1§ tanBldagesedan PodilienssdfreRet from
| ades are partially overl apped W th each ot her.

poéb’ﬁg oq"tﬁ]@filts?bliaags hh cqu:c?&%iet'h@g tgtéﬁig?gﬁknem of the

esent 1 nven es and the second

blad S ar.e Sltl I ff.e C
o B e LR B o8 e
rotatjonal axi dt t bI des nd, t he sec
blageakLioa resons BlodREBRYer i daLHoBk S a2 Eereniial
circunferenti al dlrectlon In such a
direction around the rotational axis, and the first blades and the second blades are so
disposed as to be overlapped with each other.

According to the second preferable embodiment of the present invention, the
first blades and the second blades are disposed at positions different from each other in
a circumferential direction around the rotational axis, and the first blades and the second
blades are partially overlapped with each other.

According to the third preferable embodiment of the present invention, the first
blades and the second blades are disposed at positions different from each other in a

circumferential direction around the rotational axis, and the first blades and the second

blades are distanced from each other in the circumferential direction. Insucha
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situation, the first blades and the second bl ades are
so di sposed as to be distanced equally from each
other in the circunferential direction. According to
the fourth preferabl e enbodi nent of the present
i nvention, at |least one of protrusion is attached on
outer surfaces of the first blades and/or second
bl ades. 5 The protrusion is so forned as to have width
situzgiog. the firsh blades and tha second hladss agisp desppead as ta hg distance
exanpl e, the protrusion is so fornmed as to have
equellly dsomh Eavdcbthdrdn thei aircumderential dirnétiament i al  di recti on,
and furthernore, the protrusion is so fornmed as to
havea&otdiag to $b dpaticpreiesble eabudingni of thé present invention, at least
circunferential direction or to have a horizontal

onEbOFBruSSE Is MAcIR i duftdr@uBBAR f ShebRseBladatl dnil/or kécond blades.
preferable that a plurality of protrusions are 10
N ' i fieshiiaN@irdchien,
Th BRRR S € PEAED EhebE WARRR s, e iRl Al
eater gradually.in the radia ir L Of ile,
o Besipll BF Hisutionds o iorbB bl e tiftned GRAHGE
.sanme with each other in the circunferent] al
cirgRigEanihiresfian e TRTCHSETOR) MFRIOHRIOR T JRaRsdAsep e rear
are disposed alternately in the circunferential
shape cupve searwasl indkoriniumfeiestialidirestion or tghavep aprigontal cross
enbodi nent of the present invention, the first bl ades
secgingd of biecls shapedubdtadimiyar B ispefiosbld that aphualityof pedmisiogs are
part thereof are overlapped wth each other in the
respetatiyaathedicswetinrthe Girsd bladodamt the decopd diedes and sizeooftbe
di stanced fromeach other in the rotational axis

préthisRat bedbmefeatat grh@@sly iR R AR diwedtien. i s di sposed
between the Tirst bl adés and the second bl ades. 20

Meanphi | 6nid BR ﬁrglttﬂﬁde@%?l@ 'E}Q:it RodPolhdle HAVE S&dths same with each

i nvention conprises: a first ring ornmed integrally

tth.the fi bl ad d .qj ' ;
o sl AEod Dathe AR BRAFPRN Bt kot bdhe

LWt he second bJ ades and di sposed coaxially with
dlsPﬂ%g@ifF%‘PYegh]é'ltgﬁﬁﬁr@m FISF%EPPT st ring and the
second ring have_ radiuses different ftLom each ot her

h
Ther A¢esrdng ththe fifdymr eabinemphodimeptrf the prreent Byveptign, the first

first ring and the -8
blades and the second blades are disposed so that at least a part thereof are overlapped

with each other in the rotational axis direction and are disposed so as to be distanced
from each other in the rotational axis direction, and at least one protrusion is disposed
between the first blades and the second blades.

Meanwhile, the rotor according to the present invention comprises: a first ring
formed integrally with the first blades and disposed coaxially with the rotational axis;
and a second ring formed integrally with the second blades and disposed coaxially with
the rotational axis. Here, the first ring and the second ring have radiuses different from

each other. Therefore, the stepwise shape of end formed by the first ring and the
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second ring is supported by a guide so that the rotor

is not contacted with the separation nenbrane in the

filtering apparatus. The first rotor equi pped with the

first blades and the second rotor equi pped with the

second bl ades can be forned integrally in a body or

can be manufactured as separate 5 nmenmbers and then

are attached to each other. Meanwhile, the fil L n% :
secappenaivmppetet b mguide se that theaeion{s nai ganfasteg with the separation

conprises: a barrel having a water inflow port, a
memboaess g fnbdrang appsretvar ge port, and a condensed wat er

di scharge port; at |east one of rotor disposed in the

bar refe fagtrobd\eqtigpad wihnisd fitsc blades ahephe seednd rotemeugiped with

claims 1 through 25; and at |east one of filter tray

the]sgcdﬂdslﬂ&{%§ dab &irRRH Sht¥grMly bh 4 Bedy @cah e infinbbRided ideparate
he filter tray is fixed in the barrel, and has at

meln%%%tmaraﬁenoeﬁe\a%&%gg SRAGMAOTL SO formed as to

enetrate a plane reof e water in the barrel can
f lo the b [ th h t,
bor L MEREfY fhe gﬂteppg%mv%%ﬁﬂﬁa%cgr&ﬁé ok MssBfl i eriBnoa0e
havi ng a di sk sha ﬂraln cloth 15 at& a g on thhda
compsescaowTel PRENG 85 aw&rﬂn O™ PPt 2ProgfR§ed, Waleh 4isgharg, port. an

menbrane attached to an outer surface of the drain
conslepsed, waterdisdheraements atleatt ena afirotercdisnosed ythe hargl 9 bawing a
are adhered onto the supporting plate with
cotishrectimsddpidtedyinanieadiclaims Thirsugh B andahlepstons of fgjer tray
process becones sinple. According to the present

dispoued altematelyt With iigd dowira if thebheeli al adhered to the 20
separation menbrane can be renoved effectively since

var i ’H&@ﬁl&&ﬁﬁ? 19Fix MPMUBX b¥ed] Sdnd Hak @vleadt®ng 0N a4kt faksapeport so
w de range herefore, the efficiency of the filtering

forﬂﬁg%% ﬁ(feﬁ'életrb{é ap;flé}gegtﬁgﬂfeﬂ 'ﬁ?: R i RILNRY 85n 1186 sRRDAEY in

energy I'tering apparatus is
the&%ﬁééﬁs?@ ¢ RRRBrSte “fnrfe'r Gy oven for the fluid of
\C,I: ;E glg,er%pagrlgc u erSIaSSEII])}CJ:OSl‘U?lg %[]ateaﬁavmg a dlS% sl?ape a drain cloth
attached on both surface of the supporting plate, and a separation membrane attached to
an outer surface of the drain cloth, and the drain cloth and the separation membrane are
adhered onto the supporting plate with thermosetting adhesive. Thus, the
manufacturing process becomes simple.

According to the present invention, the pollutant material adhered to the
separation membrane can be removed effectively since various types of vortex water
flow are generated over wide range. Therefore, the efficiency of the filtering apparatus
in processing the poliuted water increases, and the energy loss of the filtering apparatus

is reduced. Furthermore, sufficient vortex water flow can be generated with low

energy even for the fluid of different characteristics such as density or viscosity.
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(Description of Drawings) FIG 1 is a cross sectional

view of the rotary type separation nenbrane filtering

apparatus according to the present invention; FIG 2

is a view showng the filtering unit in FIG 1; 5 FIG

3 is a partial sectional view of the filter tray in

FIG 2; FIG 4 is a perspective view of a rotor for
gene_rqti ng vortex water flow according to the first
[Bassoiptior af Dogwingd present invention; FIG 5 is a

sectional view along the line I-1 of FIG 4; FIG 6 is

an eFlGarlged cwisewectibngaview Af the rétacy type serskatidnnpembrene filtering

cross section along 10 the line P-P of FIG 4; FIG 7
appazatds HERWiAEH he rdsbe imedritien; wat er fl ow generated by

the operation of the rotor shown in FIG 4; FIG 8 is

a peprrPect h\ew LIRS tehfidRk AnhitiRFIGener ating vort ex

water flow according to the second enbodi nent of the
pres Is i on. 15Kk ' gorgeot i onal view
al ong 'ﬁég}{ﬁﬁéia?%cf%é%}f‘)l%&Pthgfﬁhl%f%5910 IS a view
show

t.he vortex water.flow gen
oper L4 Bt Rphlie SRGTOLA TN 197 BEIREE Whet Voyer oy
perspective view of the rotor for generating vortex
acwa@léstqrh@ﬁsfae@ewgpﬂg@mmseﬂmnm%&%odi ment of the

present invention;, 20 FIG 12 is_a_cross sectional
vi ewlil. drig aspasionphdewajangithe e Flf FiG A Fi G 13 is a
view showi ng the vortex water flow generated by the
oper BlG.dnis of enlptged vigvo pf parbdwin FEG F] @clutling the crosg gectign glong
perspective view of the rotor for generating vortex
thon@deel!-1'folf ®YG. 4ccording to the fourth enbodi nent of the
present invention; -10
FIG. 7 is a view showing the vortex water flow generated by the operation of
the rotor shown in FIG. 4;
FIG. 8 is a perspective view of the rotor for generating vortex water flow
according to the second embodiment of the present invention;
FIG. 9 is a cross sectional view along the line II-1I of FIG. 8;
FIG. 10 is a view showing the vortex water flow generated by the operation of
the rotor shown in FIG. 8;
FIG. 11 is a perspective view of the rotor for generating vortex water flow
according to the third embodiment of the present invention;
FIG. 12 is a cross sectional view along the line ITI-1II of FIG. 11;
FIG. 13 is a view showing the vortex water flow generated by the operation of
the rotor shown in FIG. 11;

FIG. 14 is a perspective view of the rotor for generating vortex water flow

according to the fourth embodiment of the present invention;

-10-
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FIG 15 is a cross sectional view along the line V-1V
of FIG 14; FIGS. 16 and 17 are views show ng the
vortex water flow generated by the operation of the
rotor shown in FIG 14; FIG 18 is a perspective view
of the rotor for generating vortex water flow 5
according to the fifth enbodi nent of the present
invention; FIGS. 19 through 21 are views show ng
var i 0965 1dus prosasactpaal gfew plengthslingd Vol obFIGH & 18;
and FIGS. 22 and 23 are the experinental result tables
showFI6ip. il hengdé7 faer views shayfing theevoiick veatdrdlpvagenaraed ey the
enpl oying the rotor for generating vortex water flow
op&ratie olf thg rétor shbOtiRFIGr egent i nvention. [Best Mode]
Her ei nbel ow, the preferable enbodi mrents of the present

| NVeRYd. a8 i bbrshRtivel ORGY bfaRE rdtBr BE ga’ié?étir%&g?ﬂek whltdriflow

reference to the acconpanyi ng draw ngs. lis a

acéé)%ggﬁ% (REH bR Qr i Yteldnl hREhdich, appar at us

f
ying the rotor 15 for generating vortex water

1 o2l 51 LS B0 AR B
OfH(JI"'h :If“?fg apparatus, and more particularly, a

apparatus having fixed type separation

menbranes and rotary type rotors. The filtering

appakl&tug2 3od 23 apeghp exrsaimental sesyitakles o wing,de erformance of

plurality of filter 20 trays 70 and rotors 80 piled _
theuffltermg tapyparbtas ewipl@ing thkeotontar gengatingivortexwaater flowi peeewding to

port 61, a processed water discharge port 65, and a
theqaegdanmeehtivat er di scharge port 63. The filter tray 70

is fixed on the inner side of the barrel 60 by bolts

[Bdst Mg}t he rotor 80 is rotatably installed in the

barrel 60 by a rotational shaft 95. The filter tray 70

o S oS Pl i
described in greater detail with reference to the accompanying drawings.

FIG. 1 is a cross sectional view of the filtering apparatus employing the rotor
for generating vortex water flow according to the present invention. The present
invention proposes a 1;0tary type separation membrane filtering apparatus, and more
particularly, a filtering apparatus having fixed type separation membranes and rotary
type rotors.

The filtering apparatus 50 is comprised of a barrel 60, and a plurality of filter
trays 70 and rotors 80 piled up in the barrel 60. The barrel 60 has a water inflow port
61, a processed water discharge port 65, and a condensed water discharge port 63. The
filter tray 70 is fixed on the inner side of the barrel 60 by bolts 91, and the rotor 80 is

rotatably installed in the barrel 60 by a rotational shaft 95. The filter tray 70 and the

rotor 80 have the shape of a disk, and are arranged alternately in the barrel 60.

-11 -
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When the water containing pollutant material flows

into the barrel 60 through the water inflow port 61,

the pollutant material in the water is filtered by the

filter tray 70 to a clean processed water and then is

di scharged outside through the processed water

di scharge port 65, and the condensed water in which

the pollutant material is 5 condensed is discharged

out sWien tfe water deataizing polletantgngprialflowsintwdhe berrel&Odhrough

di scharge port 63. In such a situation, the rotors 80
theawter iaflatvedbrtoxin thempotiuginy material imthe waten ot filtegbd byn yhetfiter tray

rotates the rotational shaft 95 during the filtering

70 @PLERAA BdcOsed Ratek ahd SehRgdisappasiautiddBroughdhd precessed
solid state pollutant material adhered to the nenbrane

wafdh d&sﬁﬁargé b?ﬁ 65, dldate dShdefsddammMaH i MKk ol RADhARHaIY
t he shear

orce generated in that situation. 10 The
\e) . Lal j I [ :
col R o P G BB P Barrk o AR (P CrREA Bl St dfscharge
being, contai ned.in_the copndensed ter. Fl 2 sh
poftRa SILR: Attiam e IoreR s ap eierGoRitpa i BP0 et
in FIG 1 are pi]ed. the filter trays 70 and_t .
shovgpdhat refgtes the rgﬁqtlaﬁglé&ﬁﬁ 98 durag éheyf,gltfifwg opF1afign 0? ihﬁgﬁtemg
70a at the upper area and the filter tray 70b at the
appavatas SAraed thosedidistate polbriantmaterial adlererhior the mephganerrdithe filter
with the rotor 80 disposed between them In one
traf 70 tiserehmogedi friotn, the ieenioderbyShe sheambares gerveatedin atstitatéon.
pol lutant material on the nenbrane attached on the

Thé eddesvedipdHu@ht mhieGalip@&kchdrgtd Sutside @yrouflothardndednsedwater
side of the lower filter tray 70b. FIG 3 shows the

diseldrad 9&669 WhSIE b cBRtafted il hef dohB&@ised water. The filter
tray 70 is conpri'sed of a supporting plate 71 having

2 di i SNARGS ufll Bl fhOMETindPuk ihElofork R03h FRGNESHe
e [owe s of

to t'he upper” and rsi the supporting

o) L b ARORE BG40 SRS B
o e s Bl SRR B3t O g i

plurality of fixing portions 72 fixed qgn the inner

togethge with thevesterf0rdispoged bgtweerethssl. + dn one fiffprangsunih theigtog 80
the outer edge of the supporting plate 71. The

rernxeves tensedid EGitd poltutant infterial 8 the membrane attached on the lower side of

the upper filter tray 70a and the upper side of the lower filter tray 70b.

FIG. 3 shows the detailed construction of the filter tray. The filter tray 70 is
comprised of a supporting plate 71 having a disk shape, drain cloths 73 respectively
attached to the upper and the lower sides of the supporting plate 71, and the membranes
75 attached on the outer side of the respective drain cloths 73.  The supporting plate 71
is made of stainless steel, and maintains the disk shape appearance of the filter tray 70.
A plurality of fixing portions 72 fixed on the inner side of the barrel 60 by the bolts 91

are prepared at the outer edge of the supporting plate 71.  The membranes 75 filter the
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inflow water, and the drain cloths 73 supports the
menbranes 75 to maintain the outer appearance of the
menbranes 75 and sinmultaneously guides the filtered
water toward the processed water di scharge port 65.
Two water passage ports 79 are forned on the plane of
the respective filter 5 trays 70. The water flows
snoothly in the barrel 60 through the water passage
inflsoy water,gind thithdrainaaloths 23 menpors theonembuneh &S Wybaiatanheguter
the rotary type separation nmenbrane filtering
apgearaca biithe aiemtirhgesFdrand wirhbl tanbossty phidehtbe fidtexednviteniaivard
art, so the detailed description about the

theGRBEIsEdokAterdiSthat deepoird 6. €ri ng apparatus is omtted,
and the construction of the rotor for generating

VOr U0 WAt hald B Gk Bnied dntRe PlaBS 8Pthe Fspective filter
[ nvent?\glsr%l vvipla% ag%\?ﬂgicri bed 1 n éllet gusl her ei na_fpt er. The
rotor £0r r. rts 79.
el O D FEMEEH WS h Bl BP0 WrGHEIARE Gl Pssele pors
inclyudes a plurality first. bl ades and.a plurality
of s@&eo 1¢ %pggglogppgﬁbee@ef 1066’331‘?1 r8ﬁ1§y Hﬁpfggéjaé%idnf rom
each other in the rotational .diyection thereof.
memply e g, aPpHatus @Eep@éf“i‘m‘éwétg‘ﬁ Qfie ok tesconNeRtignalArh 5 dhe
such a characteristic of the 15§pr esent invention wll
detpidedidescripthascabopt e cangtyiction phike SHisving aprasaiug jsiogpitted, and the
enbodi mnent of the rotor for generating vortex water
cofistronti@cofthe ratgr foo gtireatprgesetek watardhtw ascordingitcRhSpresents
a sectional viewalong the I|ine I-I of FIG 4. The
invetiod wilDBe f@cribaniaratdiltgrainifteex water flow accordi ng
to the first 20 enbodi nent of the present invention is

COMPTHheSRthrahr Seneldiinh voREDWatkt PlodHEcrdaRGOMEE Hratadit invention is
120. An assenbly ring 150 assenbled with the

AN L35 S O A eOD0 oo g S
SRR HPRuBSR  e RSEBA Ayl B o

present invention will be described.

FIG. 4 is a view showing the first embodiment of the rotor for generating vortex
water flow according to the present invention, and FIG. 5 is a sectional view along the
line I-I of FIG. 4.

The rotor 100 for generating vortex water flow according to the first
embodiment of the present invention is comprised of a first rotor 110 and a second rotor
120. An assembly ring 150 assembled with the rotational shaft 95 of the filtering
apparatus 50 is prepared at the central area of the rotor 100, and the assembly ring 150
is assembled with the first rotor 110 and the second rotor 120.  Accordingly, the rotor

100 assembled with the rotational shaft 95 through the assembly ring 150 is rotated by
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the rotational shaft 95 when the rotational shaft 95
is rotated. The first rotor 110 has a plurality of
first blades 111 extended fromthe rotational axis in
the radial direction thereof. A first assenbly portion
115 having a shape of a ring assenbled with the
assenbly ring 150 is prepared at the central area of 5
the first rotor 110, and a first ring 117 for
theqonaiendlishgft O evhieh tlsd robdtiadeshaft 9biid totmeth ot her s
prepared at the outer area of the first rotor 110. The
fir sthdfid@Sorid.hat BPirhlitglof fidg beAes Y1 Pexténded fibhdbtirnd
the first ring 117 are forned in a body. Accordingly,

rothti$hal %E ﬁ‘f the %ﬂﬁl ALiliPfeled® OX FHr@lakseRAP Bortiona 15 Qg 2
type wheel . d

e second rotor 110 al so has the secon
bl ades. 121, t.he, s nd . '
shafedf Rk s SR AR s RSEATEnE 100 ERlephl altha cBEa oA of
that of e first .ro 110. descri hed. ahove,, th
therracrotas g e st | Rl Eineting Bt obigad 1T Wi dalf other
_ disposed at positions_different fromeach other ong
is RRAIPEidhe GWar arak LG lirgitator of or Trofrs| Rades 1h‘2r ﬂlﬁgj}fa‘s,
the first blades 111 and the second bl ades 121 are
assamblynpration  hs enlithe iestyringdl 17rare foemedimse bedial Aseoxdingly, the
direction. Further, in the present enbodi nent, the

firdtirstet 110 kdeake d-lckalbsichpt o€ a spakengpdivheds 121 are so
forned as to have widths different fromeach other in

t he The @uodEiotstt1i18lalsdi Has @id s2Bora laded 120 ethe 8édint anainbly
axis, and nore particularly, as show in FIG 5, the

po%oﬂtl?S g%nd E}%:seﬁ(fﬁ?gr?ﬂjg E%'Je@te\ﬁhill? dodstrustich] is e daltRhstth& of the first

ades 111, and sinul taneously,
ro&pFuiirst bl ades 111 and the second bl ades 121 are 20
overlapped with each other. The first rotor 110 and

the second, rot.or 120 .hayi ove C truction ..
ore % 0Serbe ftovenn nnbiaton | EandPEifond Badkh A 3 disposed
ultrasonic wave weldjng or the |ike, Furthernor the
at Fasttsms A grn faon i othe Aisecherarpianal £960L0e rogr 100. 15
manufactured integrally as a single nenber. Meanwhil e,
othehwordsdihedirgtfblades 111 pnd thejsaepnlibtadss 12 harerarragged eanspcutively
110 is greater than -14
in the rotational axis direction. Further, in the present embodiment, the first blades

111 and the second blades 121 are so formed as to have widths different from each other
in the circumferential direction around the rotational axis, and more particularly, as
shown in FIG. 5, the width of the second blades 121 is smaller than the width of the first
blades 111, and simultaneously, the first blades 111 and the second blades 121 are
overlapped with each other. The first rotor 110 and the second rotor 120 having the
above construction are attached to each other by an electrical welding, ultrasonic wave
welding or the like. Furthermore, the first rotor 110 and the second rotor 120 can be
manufactured integrally as a single member.

Meanwhile, the radius of the first ring 117 of the first rotor 110 is greater than
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the radius of the second ring 127 of the second rotor
120. Accordingly, as shown in FIG 6, which is the
enl arged view of the part A of FIG 1 including the
cross section of FIG 4 along the line I'-1", the
outer end of the rotor 100 has the shape of steps.
(The rotor 100 in FIGS. 4 and 5 are turned upside

down for the convenience of i)lustrati n, . however, .
therus Bt P IR0 SRV 0% 019 seeondyroifid 28 raﬁl@&eas Shpwn in
the barrel 60 while it is turned upS|de down as shown
FIG.rb, mh@h is YherenlargedwierplthaparsA of Fiui bénchling thecesisertion of
on the inner side of the barrel 60, and the gui de 60a
FIG .o along thetlime t'-Fyithdostteemiudfehe rotok 100 hak the shapeoof si€8. s6lhe
that the outer side of the first rotor 110 is
rotSUIINAh FeAdS by at D18 agUufRd @Pside ddWa el the eonvehizncobDitludttifdion,
is not drooped. 10 FIG is a view showi ng the vortex

ho*)@@\;e? rthé by ﬁﬁﬂ%‘b%@ﬂ F@@S WeEH § REJisRREd in the bires] G0NMile it is
a and the lTower filter tray 70b while the rotor 100

un?ér‘gf\i%{] Fﬂe%v\}n as SH?W{I i ?fG lﬁ MORAINTRA inGhG! 8% 13@@(55 is af%rmed on

on ' Is ro t'he present en’bo

o i B, R glelgggg FiaCoply Gt ol
oD AP e anEr SEael 5 TF Fbr oAl Bty i gvide Bba

different fromthe 05|t|on that the vortex water is
Theyefrase, abetptenyl 00tipgot spepedh| ades 121 at the rear area in
the rotational direction. Thus, nore conplex vortex
wat &fIGE 7 as\a giew shewiemthe a0gex wfafee Eloiwgsnyratad hetwesarthe spper
with the case that the conventional rotor having the

filteiedse7(afand thd logvee filtayiedy 70b whilathedotoF 1 @ addordingito the first
perspective view show ng the rotor according to the

emﬁ@(ﬁﬁ{éﬁt SO e pRack: TRRntifh is rofutiRE e S Rithe EfB’s@rﬂteinﬂfd)dilﬂéiﬁ, as the
FIG 9 1s a cross sectional view of FIG 8 along the

Wl(!itl’lgl ! UCH)er bll%ifeg ?ﬁ m%&mﬁ&é aREdi eﬂﬁ& Fr8hy eakR Bther, the

con e rotor aving t first rotor 'and

postété?q f?'%w%g gﬂ%gy% ﬁrrgte? Psdn%etngli%tet%%n Stilg i ér %ﬁ‘ad%g 1 {; §e%?9116¥ én the

respective

o R BB e o OO B o S
thetlcr)]werI llallaclljesstlg?tait ‘?hrtl. rgaira?ei:anigftltlee Irdtati-o%gl direction. Thus, more complex
vortex water flow can be generated effectively in comparison with the case that the
conventional rotor having the spoke of a single layer is rotated.

FIG. 8 is a perspective view showing the rotor according to the second
embodiment of the present invention, and FIG. 9 is a cross sectional view of FIG. 8
along the line II-II. In the embodiments hereinafter, the construction of the rotor
having the first rotor and the second rotor and the construction of the assembly portion

and the ring at the respective sub-rotors are the same as those of the first embodiment.

Therefore, only the construction of the blades is described in the illustration hereinafter.
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In the second enbodi nent, the first blades 211 and the
second bl ades 221 are disposed at positions different
fromeach other also in the circunferential direction
around the rotational axis of the rotor 200. More
particularly, the first blades 211 and the second
bl ades 221 have the sane shape and wdth wth each
other, and only the 5 arranged positiaons ther { are
di f f Bythpsecond eBhedimeant, the st bladgs il lgand; @ sqoppd plagpsapd ore
211 and the second bl ades 222 are partially . = |
dispeead a4 ppeitions differeat frowtdaeh othenalse ethe wispwaferenyieldirgesion
of the width thereof is overlapped. According to such
aramnd einstotativhaloaxis ahs hmor2(0n  M&Ge phfijcutanly, tedirst bales Bat and
the vortex water is generated by the upper blades 211

theddechEDIRAQIT | Ha®@thRNEmeRBageamd wideawill eadh dithe, and only the
rotational direction is different fromthe position

arﬂta).!li' deﬁg@ﬁio}{gﬂ{eﬁe&f\g@t(ﬁffe}eﬁtgener ated by the |ower
s

221 at the front and the rear area in the

rot a i ongly 6 bas oISyt WIRICE 26 PR R LRHHHIadIRDE) are
ow Ccan e dgener at'e & e_c Ively In corrp_arl son w
sty R g, SR SEbR S L B8 i B

showing the rotor for generating vortex ter flow,
overdanpedl nfjccording o Furk a GmstEuGieB o shewn 1B FLe Hi. thegsiion that

invention, and FIG 12 is a cross sectional view of
theryagtex paterl ip generated by the upper blrdes 214 o the front agpa and the rear area
enbodi nent, the first blades 311 and the second bl ades
in 82 Totatienal diregtosed differgadidn thepoditioheha the ¥ortem wedertis generated
other also in the circunferential direction around

byttielof@t Blades 1zl axhefroft anl ¢hd RhOEreB0the adaltidrial tirestizar e Thus,
are distanced fromeach 20 other in the

mdrk E6MPTe8 VBREL atef FORCIah R gefrbthicA RFHRBN Ry Int@nigakiSdn with the
bl ades 311 and the second ™ bl ades 321 are so ‘di sposed

cadin e ol R AP o ARy e LA FAT B5tr ol
Sanef -0 1A i SorinannE B ap BF G etagaling Ry adh fopording
to tggﬁ]al;% rgéiypc}\lglggtgq? gé}eﬁ%ﬁ g%\gelﬂgorigigg ril’(beIl f‘%eascrgs?slscgtgoenal view

of FIG. 11 along the line III-III.

In the third embodiment, the first blades 311 and the second blades 321 are
disposed at positions different from each other also in the circumferential direction
around the rotational axis of the rotor 300, and furthermore, are distanced from each
other in the circumferential direction. Furthermore, the first blades 311 and the second
blades 321 are so disposed as to be distanced equally from each other in the
circumferential ditection. The width and the shape of the first blades 311 and the
second blades 321 are same with each other. Therefore, as shown in FIG. 12, the first

blades 311 and the second blades 321 are arranged in a zigzag manner.
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According to such a construction, the vortex water
flow as shown in FIG 13 is fornmed. As shown in FIG
13, the respective bl ades 311 and 321 generate
respective vortex water flows due to the shape of a
spoke, and furthernore, generate |large sinusoida
wat er flow by the zigzag arrangenent thereof.
Accordln ly, nore conplex 5 water flow is generat P .
FI G AgeprdRguR sudhe Mﬁwctwar thgypEeapatey osras 0\7@11%? G.13is
flow according to the fourth enbodi nent of the
forpneds edts showe i FER, 13athe respectivesbladesg 1d rand $2 & gendran agspective
view of FIG 14 along the line IV-1V. The rotor 400
voriéx tarer tflousidne enthe dhaperdf alspskd, had firtletmbleageerad largend
the second 10 bl ades 421 having the sane construction

sintbdiBaltvaeeridw bl iR 4ifldsthnfiBaféiTeidreofaN A ccdrd g miare @omplex
a plurality of protrusions 413 and 423 are attached on

“m&%quyk eneiifchace of  the respective blades 411 and
4 g{ura |ty of protrusions 413 and 423 can be

S AR A RO o

f%ﬂr FemaiBeg o %ﬁ@g’%‘f E e 470 510 o) et B o iopR e of

pl ur al protru3| ons 413 and 423 are attached to the
FIGeé‘b%‘@PﬁU’@IBﬁeéUe]s ‘411 and 421, it is preferable that
the size of the plural protrusions 413 and 423
becohbsrofered0 of thdfeutth grmbbdineent has the fird bladies 4£t anshthesecond
the rotor 400. The protrusions 413 and 423 can be
blegies a2kl ingthi Beme esptatiiorewith althes inltht thindlembédimeeht, end
they are manufactured as separate nenbers, and can be

fuimeet, b Ijbhﬂalitg @Y préthiliond @13 hed 4EB@e atthoked bhakesutddsurface of
and 421. Furthernore, the protrusions 413 and 423 can

thmgﬁfechu@bm&tm a\ﬁﬁr4‘2'1 ngAl Plulali§ &1 ;fr@yﬁa‘&rsmtslaah 423 can be
direction, and preferably, theéy can have t e shape

att&ﬂ%ﬁ & Ql? b%ﬁ@ flolnatnﬂl G Q% r§ﬁﬁ§1{)r9ﬂl ?‘1%3 Fﬁfbﬂﬁtg ﬁlélades

i‘eo I's pre era

“Ibe %ﬁ%f‘ @iae?ﬁr%‘w%we 3 AP Bt B e R gt Bt llogs 411

der tO enerate the vortex ter
and 421 selectlvgly When the plural protrus\{\gis 413 ang 423 are attached to the

respective blades 411 and 421, it is preferable that the size of the plural protrusions 413
and 423 becomes great gradually along the radial direction of the rotor 400.

The protrusions 413 and 423 can be attached to the respective blades 411 and
421 after they are manufactured as separate members, and can be formed in a body with
the respective blades 411 and 421,  Furthermore, the protrusions 413 and 423 can have
the widths varying in the circumferential direction, and preferably, they can have the
shape that the horizontal cross section has a disk shape as shown in FIG. 14.
Moreover, it is preferable that the protrusions arranged in one blade have the sizes that

become greater in the radial direction of the rotor in order to generate the vortex water
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flow effectively. Furthernore, as shown in FIG 14,
the protrusions 413 of the first blades 411 are
attached to the upper side of the first blades 411 and
the protrusions 423 of the second bl ades 421 are
attached to the lower side of the second bl ades 421.
Therefore, 5 the respective protrusions 413 and 423
are arranged to protrude inward with respect to the
flogy¢ffestiwelyf t he di sk-shaped rotor 400. FIGS. 16 and 17
show the vortex water flow generated by the rotor 400
acc oFdithegmbre, ahshovauintfiGe idhablé preirusiohs 4 Heofthe Siestblades 411
i nvention as descri bed above, in which FIG 16 shows

ard fttichedi® thié apperRide ol the firdt islhdusst 11 aad eaptortiguns 403 oAshe
shown in FIG 16, the generated vortex water flow in

sedohf bRdde4Y] 8w a'ttﬁch%'drfb ke 1owkPsilid 8t thefseddnd blddeSt21. Therefore,
enbodi nent as shown in FIG 17 at the area that the

et BRTroRhs 4PLEROE B e RS prtile vt PtAeplt o
the.are ions 413 and 423 are not
thef%’irﬁﬁ%l Pﬁsgﬂﬂtkoﬁﬁlﬁﬁ‘?‘{/)m (frﬁ@acorrpl ex vortex water flowin
whi ¢ ter flows are conbined.is forned
as Sﬂ]@%"@ d ﬂ%fsﬁ@v hesvorirvaie: gen%@ﬂ@ﬁm? ToipP AR
17, the vortex water flow in plan viewis npl ex
acegadiag 19 freviomh embedimenaef thy presentdaveatign g%ﬂ@ﬁabeé’dab&tve in
the rear area of the protrusions 413 and 423.
whiltleFKf. dbashownthe socdermpéwand §iG el shatwsithd planvviesv. gener at ed

according to such a construction. FIG 18 shows the

I ot OAs glesvad Hh FIG. 16, the @eddrittd verbodteeflbwafh tHehwdgoviewdnsimilar
20 invention, and FIGS 19 through 21 show vari ous

to RO th6 it @RboBmdn s SR MFIONS7 26RO WRaithut ThrofBsiohs 13
the present enbodinent, the first rotor 510 and the

and §890d fEH{zéH" a§&3% flar t@tﬁz&%@ﬁ%ﬂg@ Q%S&ﬁﬂn?%wmngﬁ*@ 13

rotation axi s ectlon ore Irst bla

at é%ﬁrelaqg%t t{i' gx%?rbl? 8?? gir?%eds ﬂ;g%za:lr efogngé anfgcc%rcjlﬁélw t%@%gmplex

vortex water flow in which two kinds of water flows are combined is formed as shown
in FIG. 16. Furthermore, as shown in FIG. 17, the vortex water flow in plan view is
complex water flow in which small vortexes are generated at the rear area of the
protrusions 413 and 423. Therefore, more complex vortex water flow is generated
according to such a construction.

FIG. 18 shows the rotor according to the fifth embodiment of the present
invention, and FIGS 19 through 21 show various modifications of the protrusions
shown in FIG. 18.

In the present embodiment, the first rotor 510 and the second rotor 520 are
distanced from each other in the rotational axis direction. Therefore, the first blades

511 and the second blades 521 are distanced from each other in the rotational axis
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direction, thereby formng a certain anount of gap
bet ween both of them Further, the first blades 511
and the second bl ades 521 are formed so that at | east
a part of them (all the part of themin the
enbodi nent shown in FIG 18) are overlapped wi th each
other. At |east one of protrusion 530 is forned
_between the first blades 511 and the 5 second bl ades
dirsgtion, herqby forming swertAinameval pegap, betwesnhoibel themy £Meher, the
arrangenent of the protrusions 530 can be nodified in
firgt bleales 61 | ant themervad bladeh 62 Harefformecw thatmaileabtea parbod them (all
enbodi ment is that the protrusions 530 are arranged
thdyeirvefaherh WO tHeldmbodirnés shtvaw imnBIG.1E) aleavedapped vithcasch bither.
each other. The protrusions 530 are fornmed to have

W dt Bt aéinl @f bidttulRn G130 G3HbiREE Bhtvakn theCirgi tieddsisam agd the
the rotor 500 and are forned to have the streanli ned

se%g%weg 5% fne Itgﬁhlaﬁ‘lé Piih en%cfd‘ﬁﬁ%%t%e MirdbBLaddthe hrrafment of

r exanpl e, e protrusions 530a can be forned to

have .horizontal crpss,sect] i.angl g
PR 1 s mRRA% R Saplefd e YRR B om he
fqQrnmed o have the triangl hape basi cal | nd the
fourghapent® i ety S 30ds SEitsh oPuep PR fptors
protrude rearward as shown in FIG 20. According to
havigg thesshapessdergical torpach pdRE part in the rotational
direction undergoes the little resistance of water to_
r esuThe protrugiong Hikare fommwde havavidsinsanying indke ¢irramiergntial
part in the rotational direction generates the vortex
direaxicar offthomt&f F08cinil \aed formEditd enhe sireaadinad ondth iim thelrGtational
21, the protrusions 530c can be fornmed to have the

direERTSofIRCEIH S 00  Tof &tanplfaRepothsioan s3I0l dak be fédm<dSo have
19 through 21 show the states that the second rotor

hoR tcjtl%ngﬁls?ﬁc;tﬁﬁr@lﬁ& s Hpe F:ges}%% i P16 ¥ 1hatkR $oGusions 530b

t
shape o protrusions clearly.) According to such
i ment vor f '

carf e FERBLITENs inb PaokBishisk BRI by theBaryaftil ol iohal
.above fourth enbodi nent i,s ener d..Accordi.ng.to
g elipn s CSES (yprOBG HETRATE 25 RO & TICE 200t AHUONE B fuche

descri bed -19 . L ) .
shape, the front part in the rotational direction undergoes the little resistance of water to

result in low loss of rotational energy, and the rear part in the rotational direction
generates the vortex water flow effectively. Furthermore, as shown in FIG. 21, the
protrusions 530c can be formed to have the cross section of circle shape substantially.
(FIGS. 19 through 21 show the states that the second rotor 520 is disassembled in order
to iltustrate the shape of the protrusions clearly.)

According to such an embodiment, the vortex water flow as shown in FIG. 17
which shows the vortex water flow formed by the above fourth embodiment is
generated.

According to the variety of embodiments of the present invention as described

-19-



10

15

20

above, the fluid between the surfaces of the blades in
the rotating rotor and the surfaces of the fixed
menbranes can flow faster, so the adhesion of solid
mat erial can be prevented by the stronger shear
intensity on the surfaces of the nenbranes.
Furthernore, the vortex water flow at the rear area of
the respective blades of the 5 rotating . rotor c ut?les
abqvgethsifhid betwaen thssaefags of thegilades an the retaling 9tps %f% § fgyfaces
the horizontal direction with respect to the surface
of te fixied mmentirazaseamflowHasten sé theadbésiohef spdid anaieniad gan be
menbrane of the filtering plate, which can prevent the
preveited bo theadfronper shedri idtensityesri the sbinfacew iof deirmémigrandse
novenment of the solid material near the surfaces of

Fulth@miBRE BN fex RSPRSW BOtht R&ir uRalddherabwictitd Blades of the
generated by rotating the rotor proposed in 10 the

rotgtgﬁ?g\f’r%mricgﬂs% 1 dinusbial Qjegg aisﬁ'ﬁﬁrtiolﬂtin ’éﬂé‘i/leﬁﬁg}'hﬁf the %Sﬁi’ontal

icient to generate the turbulent flowwth the

.vortex.water . flow r d j i t:
distiiop LS e (o, B SRR VG ptplat B g duleble drihfopitalibn
the sa speed, the voprticity of the,rotor ..according.
e P B USTINE RIotev RS CR Pre P the afteSigh ot 1 sonf maiéhial by

_particular, the zigzag type rotqr of_ thi rgtenblggi ment
vitglizing the moviement pfethe splid magaakear thegurfaces b theapembianes.
floww th 15 the smooth flow, and the shape of the .
r ot o oroparing the Norerbwaienfiow gertrated byjrotating theagtor areposed in
vortex water flowin the circunferential direction as
thewhkemnalnart, ISP 022656, dt theahdar speed sifficehe@mrdenerate the
effect can be achi eved on overall area of the channel.

turbhilE: fled% withGhe JorbdxewitBEfl OX Rendraed barothgsy/ihe rotbhéth multiple
showi ng the conparison result of the perfornmance of

blagi?&tidﬁgfﬁ%ﬁ%@ PR i RentiBE athe $8RE gﬂe@&ﬁﬁ% veRicWy b tHehaior

bar“type rotor disclosed in the

o PGB SO RSN s B e i e

; ade ofr according to

resent inventi esults in. double 1h erfaor C .
rout S0 efodiarD T Bk Bypsicr o e erminend v Sl fow with
operation condition such as _supplying. pressure or

theseaosh flay. anstbe shaps@f the rofr 0&2%51 er%*rodelﬁsm;&‘ﬁ SNE Ry
amount, the consunmed energy i s 50%t hrough 60% of that

gengirate Wertgpawatey flewrio tlr cir opntial direction as well as in the radial

direction, so the cleaning effect can be achieved on overall area of the channel.

FIGS. 22 and 23 are the experimental result tables showing the comparison
result of the performance of the rotor according to the present invention with that of the
bar type rotor disclosed in the above-mentioned USP 6,027,656. As shown in the
figures, the multi-blade type rotor according to the present invention results in double
the performance of the conventional bar type rotor under the same operation condition
such as supplying pressure or operating speed, and in the aspect of the processing

amount, the consumed energy is 50% through 60% of that of the bar type rotor in
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processi ng the sanme anmount of water. That neans the
face that the nmulti-blade type rotor of the present
i nventi on shows the inproved efficiency of about 300%
in conparison with the bar type rotor, which is
superior effect over the conventional products. 5
Meanwhi | e, the conventional filter tray has the
conpl ex sealing structure for fixing the separation
propsatingthe samn dmont afrvadter. ITbah@Pmﬁdh@gvéﬁ that the ryltirklade type
tray 70 of the present invention as shown in FIG 3
rotoasf thh @rasemsihvantivh showhtie impeoveéd picatricy of abort 380%sn75
and the drain cloths 73 are attached onto the
comp PRl WiRgthel bat gﬁz Totet, ivbhicl ReupaEe e vetithe soxeentional
According to such a nethod, the manufacturing process
products10 sinplified and the productivity increases. In
the present invention, the passage through which the
sl ur . . . Cec .
const el B coffe sl ARG Ik Ba uRreR G eafing sructue fo
the filter.tra 70, sq jt,.is needless to foLm
fixin (he PO ioDIRTubAt AP e o loisy HO3evel e PR tray 70 of the
Accordingly, the size of the systemcan be redyced as

y
PresgRtinyRntipn @sskawinis JG. § hap theLopgrictign that de sepgratiqy { e
processing efficiency per unit area increases. )
memhrangst75i aad %@aimdm%s 78 pie atiaelnddonie thegupprrtipg plags{1 with
i nvention, the pollutant material adhered to the
thesmosattng adhesiwabr Aneording td suchenmethdd gthé emhiifactuying ipraress is
various types of vortex water flow are generated over

sirdplifRedraaf gles probedtRitliseredsee ef ficiency of the filtering
apparatus 20 in processing the polluted water
| ncr BARE Bres@RGndeRBoRNARE Pissh@Shrddizh ScH fhk sRiy8 supplied and
apparatus 1is reduced. Furthernore, sufficient vortex

thét{‘ﬁg 9#F%+gg&o§ %grll%fﬁutgg B? E\g{a %te%%aé%ﬂrtsefﬁo el ﬁlef flfer tray

eren aracter|l CS such as density

or viscosity. .The preferred enbodi ts. have en )
70790 S RTete ' e bl i TSl FRRE BpPAE, 760 hooopinely
thegﬂgq? 3 g %?W%ﬁ%{] gqs %gltsxqi:(elél:é %?uclélnfstlg‘g%agrtmgrg Elll!:l th\é%rsbgcl‘f %)f area, soO

the processing efficiency per unit area increases.

[Industrial Applicability]

According to the present invention, the pollutant material adhered to the
separation membrane can be removed effectively since various types of vortex water
flow are generated over wide range. Therefore, the efficiency of the filtering apparatus
in processing the polluted water increases, and the energy loss of the filtering apparatus
is reduced. Furthermore, sufficient vortex water flow can be generated with low
energy even for the fluid of different characteristics such as density or viscosity.

The preferred embodiments have been illustrated and described so far, however,

it will be understood by those skilled in the art that various changes and modifications
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can be made within the spirit and the scope of the
present invention, and accordingly, the scope of the
present invention is not limted within the descri bed
range but the follow ng clains and the equivalents
thereof. -22 [CLAIMS5] [Cdaim1] Arotor for
generating vortex water flow, conprising: a plurality
of first blades extended in a radial direction fro

cant be medewithinghe spiricand de segpe oifiee pregamt myenign, gpd %%ghagly’
bl ades extended in the radial direction fromthe

thersobpet othapresentiisyensing ishics pioited veithip tdwi deserthed darigedru the
frompositions of the first blades in a direction of

folldveing olathé aitbthe @ynisalehCltleireof2] 10 The rotor as cl ai med
inclaiml, wherein the first blades and the second
bl ades have widths different fromeach other in a
circunferential direction around the rotational axis.
[Claim3] The rotor as clained in claim2, wherein the
first blades and the second bl ades 15 are so di sposed
as to be overlapped with each other. [Caim4] The
rotor as clainmed in claiml1, wherein the first bl ades
and the second bl ades are disposed at positions
different fromeach other in a circunferentia
direction around the rotational axis. 20 [C ai m 5]
The rotor as clained in claim4, wherein the first
bl ades and the second bl ades
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are partially overlapped with each other. [C ai m 6]
The rotor as clained in claim4, wherein the first
bl ades and the second bl ades -23 are distanced from
each other in the circunferential direction. [Caim
7] The rotor as claimed in claim®6, wherein the first
bl ades and the second bl ades are so disposed as to be
di stanced equal |y fron1each other in the
circunferential 5 direct fGRAI N@Eﬂain18] The rotor as
claimed in clain14 further conprising at |east one of
[Gtadnridsi on  attached on outer surfaces of the first
bl ades and/ or second blades. [Claim9] 10 The rotor as
cl ai Aedtor forglenbratiSy vorie water flbw, gongirfsitgy: on i s so
formed as to have width varying in the
cir Célﬁfu%.{lﬁ%f Atst Blal&CdtQMled ith fidml URkctldiefréRtaqbtaliSnal axis
claimed in claim9, wherein the protrusion is so

ther as to have streamined wdth in the
circunferential direction. 15 [Clain111 ] The rotor as

| ai , , ~wh ( -
o 5 R S AR BT A ey
axg a,rg.{}c ¥ %qu %t: p}:sm%lgg o frrq['rtdp](gslltm Z]If ngr}g’ﬁtrlﬁé(?erg dg % direction

formed as to have 20 a hori zont aI cross section of
of therrelaliongl apgis. substantial ly. [ ai m 13]

[Claim 2]

The rotor as claimed in claim 1, wherein the first blades and the second blades
have widths different from each other in a circumferential direction around the
rotational axis.

[Claim 3]

The rotor as claimed in claim 2, wherein the first blades and the second blades

are so disposed as to be overlapped with each other.
[Claim 4]

The rotor as claimed in claim 1, wherein the first blades and the second blades
are disposed at positions different from each other in a circumferential direction around
the rotational axis.

[Claim 5]

The rotor as claimed in claim 4, wherein the first blades and the second blades

are partially overlapped with each other.
[Claim 6]

The rotor as claimed in claim 4, wherein the first blades and the second blades
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The rotor as clained in claim7, wherein a plurality
of protrusions are respectively attached between the
first blades and the second bl ades, and sizes of the
protrusi ons becone greater gradually in the radi al
direction. -24 [Claim 14] The rotor as clained in
claim4, wherein the first blades and the second
bl ades have wi dths sane with each other in the
areclistangnd &oentachlotier iretheicroumfeBtrdiahdr@itios. The rotor as
claimed in claim4, wherein the first blades and the
[Glaenyl bl ades are disposed alternately in the
circunferential direction. [Claim16] The rotor as

cl aiTRAoion 26 bRinRdlin LY & Whetdi® tHel first blhdeadas tiwcsiicblades
second bl ades are disposed so that at |east a part

are'sd %ﬁs?gged s%o 8¢ 8&5@9@@%&9&1& l?roc?f?&f&h%ttﬁh@ in {0 cild8miQential

rotational axis direction”and are di sposed so as to be

dirditSt anced fromeach other in the rotational axis
%i'8ction, and at |east one protrusion is disposed
et n the first blades and the second bl ades.

[ lejm| 17] 15 The rotor as clained in claim 16,

wherein the protrusion is so formed as to have _w dth
var yihegoios as plaireed i phaiay 4 fuithar campaging ghleasteng ohPrgpsion
The rotor as clainmed in claim17, wherein the
attagshed ow sutensurficevofftbe fietd blades anddensecomst bladas | ned wi dth
in the circunferential direction. 20 [Caim19] The
[Cliwe)as clained in claim18, wherein the protrusion
is so forned as to have
The rotor as claimed in claim 8, wherein the protrusion is so formed as to have
width varying in the circumferential direction.
[Claim 10]
The rotor as claimed in claim 9, wherein the protrusion is so formed as to have
streamlined width in the circumferential direction.
[Claim 11]
The rotor as claimed in claim 10, wherein the protrusion is so formed as to have
a rear shape curved rearward in the circumferential direction.
[Claim 12}
The rotor as claimed in claim 9, wherein the protrusion is so formed as to have
a horizontal cross section of circle shape substantially.
[Claim 13]
The rotor as claimed in claim 7, wherein a plurality of protrusions are

respectively attached between the first blades and the second blades, and sizes of the

protrusions become greater gradually in the radial direction.
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a rear shape curved rearward in the circunferentia

direction. [Caim20] The rotor as clainmed in claim

17, wherein the protrusion is so forned as to have

-25 a horizontal cross section of circle shape

substantially. [Caim211 The rotor as clainmed in

claim 16, wherein a plurality of protrusions are

respectively attached between the first blades and the

[€tiwrid]bl ades, and sizes of the 5 protrusions becone

greater gradually in the radial direction. [Claim 2213

The Thd mitoras cidimedridelaim ¢, shereif, thé first hledecaniphe séoogd blades

first ring formed integrally with the first bl ades and
hatk SRRECANRORINH 8ddh)othér i thetdi@umBératiidirketivnl s; and 10 a

second ring forned integrally with the second bl ades

[ %glmdlisqposed coaxially wth the rotational axis.

F aim 231 The rotor as clained in claim22, wherein

t he £ [ . . . L i

ai 1 ShERforas SRt QR 8 e O Bfled Y SRS ong places

claimed in claim.1, .further.. r.sing a first rotor
affefbﬁl?ﬂ&ﬁ@ﬂ“%i%tﬁ@ ip e ‘f”fcruglferﬁiltézggi?%c%% a second rotor

equi pped with the second bl ades; wherein the first
[pb"{i@rl‘sgnd the second rotor are attached to each other.

[Caim25] 20 The rotor as clained in claim1, further

conpthsioter as daimed in Jeior 1 subarpipabe first hladesyandsthe sgeond blades

bl ades, and a second rotor equi pped with the second
ardodigbeed so that at least a part thereof are overlapped with each other in the

rotational axis direction and are disposed so as to be distanced from each other in the
rotational axis direction, and
at least one protrusion is disposed between the first blades and the second
blades.
[Claim 17]
The rotor as claimed in claim 16, wherein the protrusion is so formed as to have
width varying in the circumferential direction.
[Claim 18]
The rotor as claimed in claim 17, wherein the protrusion is so formed as to have
streamlined width in the circumferential direction.
[Claim 19]
The rotor as claimed in claim 18, wherein the protrusion is so formed as to have
a rear shape curved rearward in the circumferential direction.
[Claim 20]

The rotor as claimed in claim 17, wherein the protrusion is so formed as to have
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wherein the first rotor and the second rotor are
formed in a body. [Caim26] A filtering apparatus
conprising: -26 a barrel having a water inflow port, a
processed water discharge port, and a condensed water
di scharge port; at |east one of rotor disposed in the
barrel and having a construction depicted in one of
clainms, 1 through 25; and 5 at |east one of filter tray
a hgrigpnialegoss| seetianatensgle shape substapbalbrs in the barrel .
[Claim?27] The filtering apparatus as clained in claim
[CBimitidrein the filter tray is fixed in the barrel.
[Claim28] 10 The filtering apparatus as clainmed in
cl ai The®torvidetsmad iheaii | 6,evhereiny phaaligtof pretasionsaee of
wat er passage port so fornmed as to penetrate a pl ane

respB@NRBS attabhdEbdrved the Hiestiblddes ki the 3BGURE D Ates, 2B dGlRS 0Pthe
in claim28, wherein the filter tray includes a

' j A il sl4; iapd drain cloth
pr%%?ﬁ%&%&aﬁr g%??gg]elﬁé?é ltsaﬁleﬁ tlig&gﬁjabort ing plate,

[g:;]aq %ieparati on nmenbrane attached to an outer surface
B g drain cloth. [Caim301 The filtering

t l.ai ped .in claim 29, wherein the drai
ol ot FRGHIOTR E1eiQed ey HBHD: SHPERE" adher ed ont o

the supporting plate with thernosetting, adhesive. . -27,
a first ring formed integrally with the first blades and disposed coaxially with

the rotational axis; and
a second ring formed integrally with the second blades and disposed coaxially
with the rotational axis.
[Claim 23]
The rotor as claimed in claim 22, wherein the first ring and the second ring
have radiuses different from each other.
[Claim 24]
The rotor as claimed in claim 1, further comprising a first rotor equipped with
the first blades, and a second rotor equipped with the second blades;
wherein the first rotor and the second rotor are attached to each other.
[Claim 25]
The rotor as claimed in claim 1, further comprising a first rotor equipped with
the first blades, and a second rotor equipped with the second blades;
wherein the first rotor and the second rotor are formed in a body.
[Claim 26]

A filtering apparatus comprising:
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a barrel having a water inflow port, a processed water discharge port, and a
condensed water discharge port;

at least one of rotor disposed in the barrel and having a construction depicted in
one of ¢laims 1 through 25; and

at least one of filter tray disposed alternately with the rotors in the barrel.

[Claim 27]

The filtering apparatus as claimed in claim 26, wherein the filter tray is fixed in

the barrel.
[Claim 28]

The filtering apparatus as claimed in claim 26, wherein the filter tray has at

least one of water passage port so formed as to penetrate a plane thereof.
[Claim 29)

The filtering apparatus as claimed in claim 28, wherein the filter tray includes a
supporting plate having a disk shape, a drain cloth attached on both surface of the
supporting plate, and a separation membrane attached to an outer surface of the drain
cloth.

[Claim 30]
The filtering apparatus as claimed in claim 29, wherein the drain cloth and the

separation membrane are adhered onto the supporting plate with thermosetting adhesive.
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