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EP0469302B1 Descri ption The present invention relates to inpellers and

i mpel | er systems for m Xxing and bI g &OQ |cat|ons and particularly for
m xi ng and bl ending |liquids and ligu 3 suspensi ons having a w de range of
viscosities 5 such that the fl ow devel oped by the inpellers and inpeller
systens caRsépubs the turbulent, the transit¢ional, and the | am nar flow
regimes. The invention is especially suitable for use in providing an

i npel | er whiTha preBerit rveritibiy Rliayes IoTimhdellefard. impalier. fyetamé Kir xithérgnant mzhdinglampliatians
and | ess) asdpariicsladydiapiniitlg facd blersiing iliquigscant! difuide suspeosiors. haBioge & witle xange ohwstosities
encount er shdhdhat the flaw develbppdibyt teLimpatiers ianchigpalier syateine oan beiis the Girkuient, the tradsiorlis e
of their swhhe lagingeflowaggimdsi kely to 10 encounter transitional and |am nar
f1 ow condi t i Tdadnventien is aspesially \suitablefer vserin peaviging i@ dnipelior vijolt i falativale smallale0e d
for efficHegam fAsen dnchindarmstes g fRgslsand 43 adapterdifer usp JbPsiahiR MbreEsy SHhahielt aund
avoi d t he eprewyerfiigyidy %‘Pd@”’%ﬁﬁ@?@m@ﬁrﬂfc‘!ﬂw%ﬂ?cas"y|%’Ftbe m%mer FT’ 's"‘-i’hge f"@éYtt&res

of the ' n\‘?%‘ﬁt"ft‘ﬂn"ﬁ“ﬁ"' F'o?ﬂdd‘F'ﬁ a’e‘l'°f” E‘T"@'Fﬁ"s'f p e gllep,

condt 1 oni R BT TN ;gt Hﬂwﬂ%tt e,

IIhOW reg: f} ow cto ltons )ﬁ% in from urb ra Po aI tEr[G'S Ir% ie qgkes
€m app I d%&géfb alle tII r V where

desi fab L'dg | Gmsv,ﬁam.om »QJV aq

range 0 i &Wo&o(& oEr’ryodﬁhe HédhiP BdidgYmiRdd) & gs {3%56\/6&@ rﬁbl&g nmu?ﬁ bﬁﬁdu"fbsra ﬂ
provi de CQfPbighEtinBs oy it e%ee&meﬂﬁbnﬁlarﬁbéﬂery u¥dati sibli? A6l tegivRs alEhigls b
| ar ge conypptds @hapardd®lch Mipdndased in simlar flow regines and at |ess power

I nput as conmarmew régime WE Rhith RS ik BWBlopddRr i@y ihEgéraBdepénds \0PdnCthe i@ \of inértial
devel oped idréds tdriiddotfoicePl theeiadiunt @icimdia ot [ subp@nsidht dosfined ini anierid dr ¥bssap This
f or'se’s t O rafib BoapressbdEsIBS Mixing RBymoldealimban dntl isecalculated &b falows:i qui d suspensi on
confined in a tank or vessel). This ratio is expressed as the m xi ng
Reynol ds nunber and is calculated as follows: [err] where SGis the
specific gravity of ”"3‘ meed um apRq 7l6e NRlPM gzﬁhe(sr;;com ty in nPa s.
Reynol @& nunbers are 3 of the—erder—et—{-err—r—ihe—turbul ent range.

Reynol ds nunbers are from 10 to 1000 in thegg ansitional regine. For
Reynol ds nunbers beI ow 10 the I npel | er | s devel op| ng flow i n the | am nar
regl nme. No

nor mal l y a N I?-iy ol VKu;nBe nOl rfJn n %ﬁjol‘ﬁ?he lxm }l&o:;l
driven. Mﬂgg of a 99 IagMat is oﬂo@ﬁ 5 b%g\ﬁ i ﬁuﬂé o?%%ls&éé f light
glycerine fip Ye'td fmran e trarsm rﬁwpeaw QuhBRE IO SrivBi KRR liquids,
corres pona.!.dﬂ&s Qi Vihd fRe LiS&sityON oy Bind® bre thBrfhally’ @RsH th lpRiddde rﬁr*nﬁ&"héyﬁﬂd%nﬁ&g

into the lahdsphbing lo @i fad B endldl the HaRstbhdl flowdb@ivé hidé intél knd TaRTIRF fiow tegispeed of

t he inpel | errhafkpRmt gralityCdidnitdr lahcPépebdst @RSmpaNbH affectd 18 inviial Gads] whil® the Wissdsisi UM
af f ect s t i wédimDatRctt GeORSousHEYCRY RéweverNing i vbsssiamd alith laasad!l iMpsifer,ahes mixing

i mpel | er, Rey@Idsindiseg dvan/fooh aey vistode Niquidsveach &slightoils,0nan ekisraiasto tthe transjiional Slog uch
as {ight edginss. Tiaarwitstmeihdiarnewrdmpediars, tforaranplie, D.6@h (tirbeomch) digneter, thd nixing Reyrtolds

smalN” db amebiers, ievepelithesightly fviscoue xedipl @¢ in/thé drmsitionst eas mac bitend iintorditedaminar Hiew

M xi ng Reyesisheds T8, theurdbiems  of anixitg erdt blendling gin ey tranpitiongluend rieninas, ﬂour@imw e
transiti omedcerhaied, sl dipygieterimepliernarolugadh nar f 1 ow r egi mes. Thus,
probl ems of 'isxdeskpbieniar pfidiendimbdng; #ndt mRid tleagieg thF"o"h%tI'm%H?j Arogype, afial f"P‘tbvd‘s the
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all, ther gbiedoRAF$igiAP CotBordtiod); b. enfn 4702 68 |(tﬁ§3A605@§‘old whlxoo@ujs;m-byozﬁvﬂ {the C104

Weet man, Qko &did by MNCO) by 8.T-AG, 80871 Qe BB 15 Al G20 distzokilbg MIXET) hifeSepprasimbtbixi Ng

Appl i ca;tsi otistant giclesraind edieagitcid GiHbrderto vaintaimecdubstdntialipaonstantoanglis € attack (the angle

Cal i f or ni avhicibhe vélbcBy Rector bickremibrits méked Bith tHOB&e chord)aWith suomeaiiahfiont imgelisrs\ahd eden

'provi de efitie pitch\biadesnidroimb$ leqi. e MIXGOKAZ00), thadiow [dizertiinngf thenimpeliets diseinrrgefi |begomes

condi t i onsadiak incthe drgnsitiaesl jfiaw aedires gnd issredial e thej Iamipar Jlow-ragime, 6B i llers operatel
August 28, 1984 (the type A310 sold by the M xi ng Equi pnent Conpany of

‘Rochester, New York, USA, ("M XCO') - aunit of General Signal

Corporation); US. -A 4,722,68 (the A6000 sold by M XCO; U S
-A-4,802,771 (the Cl04 also sold by MXCO and U.S. -A-4,896,971 (the A315
and A320 al so sold by M XCO) have approximtely 55 constant pitch or are

-under pltched |n order to rral nt ain a substantlally constant angl e of attack
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radi'al in the transitional flowreginme and is radial in the |am nar flow
regi me. Such inpellers operate 2 EP &94}@ B302 Bl effici ently (the ratio
of flow to input power is high). However ue to the generation of reverse
fl ow and vortices, the blending time increases and bl endi ng becones

sl uggi sh oretithtyo@eWatiodst iRWlte inPMEFIWIMTS Righ)) BoweVBre et thes génpraticat & Geverse flow and
cont i nUouUS| yriced, tHeruineing @kle fiefeae and bleitingEbediney .siugdisht dtoboddar at @f, exeh Wi the
It is reascmpdlibes bsrataigpatnaoudl for ppdhded peruds bitjre! (b.g.rof thy sidemaf wa bdur)a st andar d
i npel | er for pus peseadiote dmpareas impshey or trepelidr fsgeern with bisandirdhtppelienior p@peses gt h
axi a{Jf | ew merseing és offelative lehding timen Gndrmeimaviiah flaysimpélier whichdes loegnieepintusédis a constant
fluidfoil (wiich fuidfeiliyigy camber anditwist) haipg threg blakiese 82015 | agerk Jhe ghepe 9f tisimppller Tp|pimitar
shape of t Hpghat phel qoavenyogal gnasing gropyigiont Pfaﬁe"‘tff s'z’fhc%)ﬁ@'@ﬁ'f’l 'E’)‘ﬁ%{'P’ {§ethe H@e A100 also
propul si on PripefrrBMXCHch 3 standard inp i s the e AlOO

avai |l abl e f roﬁ‘rf'N'F’W"'“ﬂ t\’"FU? a'ra&creﬂr?aw M p %r’ tf° (PE) %0" an

houl d Lﬁquedm%ﬁ;gma Hs@urerfe iy o %"eg?f'ar %ﬁ%ﬁ gl Y %ggggs f“%a@ﬁ“t e

sScrew threa { e'm%e Wrrr%hv'sesh SPOoRE or one rotation of the
impeller. PR IS |n d as the ratio of the pltch to the dianmeter D of the
i mpel | er . whi ch |s the di ameter sweptppoy phligp,ti p of the bl ades.

Mat hemat | cal | y, 15 PR = Pitch/D, and
fromthe gegEg@bmind Rbhmdry20 Where r is the radius fromthe axis of rotation
of the inpeller to a section of the blade where PRis determned, Ris the
radius fromthe axis to the tip (mxarum4+@apggl | er dianeter) and [err] i's
the pitck or blade angle in degrees. The pitch or blade angle is defined as
t he\-efngl e Whheer ishibe aduidus droof the hasis o antkgionrak the impelier tp|aasestidhSof tleer Plededwherd BR i o
the axis of datexhiaed, Bris thé radive fromrielakie fo. theTire(mpximeh inenalipr diaineterh ardl s thetpiieicns htade
[err] of thangkiitddgrepsati o di vi ded by the product of err (pi) and the ratio
of the radiusTea pitcheor Risidnangit ésr definadeaspihe engle whibt the chord 05 tieeklade| mpkas toh Sladmt
pi t ch i mifel pasendieyips tyihe axis efifgiptionjokthg m"qrhme Pitfeanglpisthe aigde P'ttéfﬁ" r)Af thg pitch

remai ns corf@ioagvided Byihe rR§°Cl”Ft ft"o(“’%\ aﬁ‘b“}‘?‘[ 'a'f?e%f th? faé"”f)éé ° 'B t 'tc'i'/\A‘Pé’?és
the bl ade i @eaéﬂﬂ‘héﬁtae"c?"?tﬂ‘t tp ar : E L) tketcl; RE :'a':ts
;\altegt I ggalm '8 o Qhe 1o out Q\e im I‘Ear i %vercrf aﬁfﬁete S. ttﬁf' wept

i mpel I er.
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of t he i mpel | §F acBdradnad it 8 inSoMBEY, aflinfelk @bnfigurdtion hbort Bisddvdr&teinitiprdvided atidieht
‘at the t . adaNfohGh Bod@Bsiéht Wivi 1BgiinBCantl THABRY thé RndeAby forMAE Kidvedischargs todietaria radialhas
been di scovias eshstitial rogime\(wiche Snatitaining | effidiont Bperaiioh athdek kransitional fidwecohditidas) Bt biddboOw
regi me, andofitiithinintvg iinb@let Keavel eist o therexdoinecthdt Ipenidel achar gieh tconditios. oMz doaditioalis

i n the transadfesticly thegicheatid whihe bladesi nedrathenhubgatedf4R) oeimngreatqy dhraa ttheopitchl ratie pt the
trapsi ti onalp. Firther, dowctirdanength. theliventivhathke ediatf low iischiarge dnhibitipe piopquy |of e irrele in
tw t 04 htbe &rxrisiiontal vebirne apd tovihel eminanfiayregimpjist erhancerhbl the ase of Bhilade @pgiel att thetip

i s mani f est whichyy latgkethas in die conyentignabixial finw ippeliarcand peerablyisin thesanga from 18R 3eisg
great er t halrthenieayrerof ferinyentign jetto uprea painof imnetigrwpich qrp depopdsntiaereled we IRt g fotal

i nvention, RO¥er PegeRdolp driveghp pRirds H’é“f gé“ 1, Bnp Pk the, pe V‘E ?m?@’et ?PC'E)F"FleV?é indi \é"}"Y é’r"def n
40 the t ra‘ﬁ% Pt ditiops) "ﬁ% ﬁ_ %shlpé’lrﬁf‘?'i Ay Fﬁ?' ?ﬂ'{:‘i’ ?B‘," [725
‘the use & rd’h et‘é’n I {2 riher Inhibits t

he i n I an | a er feagur S to ro i blade
conventi Ona'l er WI h ; V}IIt la eaar:r S at o h;;) ﬁ'éﬁéﬁé Iler ?na{r o%r g E j
rca a

|am er Trom e 0] %I’ n él ﬁ% [} e& 1 e Swe
measur ed” 339 i ﬂ’in %’ % i hp.ert E sv\ffi St .tc%r {0 ot 4 o suep
y

‘A further f

dependent (&Q%E £1e ﬁrQ&% Rﬁg)gk\ h'e e © he pgl LT

than thegsum .thadaﬁrmwrﬁé inbefAti t6 xrr:, B bt bRt qr.s Mtrﬂt%ﬁé bodr bR 8nditidHe and
same_condi t hos)of aibieR bREPSRIE B the ) @ lHeRSINER inAibRY 1&6 fhdericy for 1ADLisdnBgS! f1dW/from
spaci ng of &&enpolEP @ beradialddnd lefifabiced axidi R6W) bk chlisgBdyRimetibs Whieh divdI 86 tosciftdiéhs in
pai r. This @ nanN@RERN mueNikab&@sntl BRastaxihéturbulemvilon Redintel BlidA@Ecillatidis BistsRovin@ data
radi al di sciredegred iima phsr by dosdld U.oWedman)dt biahtiied "Pd@i FIBw .and\Shear Chardctdrietie f €
'i's to prewiMiging vgpelirrelcheseradd dt the Sixitykuldpean Ganfelenddi oh freirgnPavial itye May2ed651988. t he
;t I p. Thus, t hécdordinglyl ibis anganersicobipct df tire-trésant dnventiop ol frevide\ilhpp@dtimeellgs atcimpeller

'di anetri cal $yptemp which tafioréh [baithe snbdngeandt mege Tfﬂplds%ndr:ﬂff!i@lne Slarding, thayh fdngentignel axich ew
two di anet rimpeflet systopp getely in the turbulent flow regime, but also in the transitional and into the laminar flow

3



bl ades [érr]: apart formthe first two) are at a different blade angle at
their tip. so W t hout I|mt|n wi]lonto any theory of
operation, it is believed that the over pI conditions and the use of
different blade angles at thetip of the inpellers inhibits the tendency
for the dirgfiparge flow fromthe inpeller to be radial, and enhances axi al
flow, by caumisigd ahymobREt iobthe WRértibn gé Wilined, S adcordanse it Grlol aBptst of thel i@ntfoh BW
vel oci ty, amnigpelidri dtdchi prbdeesntidwy raegings torn nurbdiedt toukafblnbretivly i | todies eyiiquie. anBuigtid
osci | | at i cuspermives atiloviithiineftdativa inpmisise aridetteniding auch dpdies, bajd RpelRl bavihg a\Medlityeoh,
et al_, & ehladas| retetatidaoet anfixioyvsaidrithd@haging Bisarhizh defing eiradius of sakBmpdliers said)blades

| mpel | er s'extending damesgiddips rddialySowarth sig, pxid, cbataclorzedld Swtceaidotiadad have Gvist Hafinied by

| taly, Majnciingtiopg theneggith ragReelrigiaRigng perpendicylargto saif @xig pt agled whichincrepse sproellgnt
i nvent i on 20p8 FdAdEBoVRFA Pid\RuEI o RRYISP P per Bifsbed; jop.arthers jhaer Rifphsraligf the bladesAt o
better mni Ri g?‘méﬂ'ﬂfeﬂ‘oﬁpécef’é?pﬁ‘ﬁdmﬁh?j"de?‘isé\*,ﬂ'ie% than ?’rf@'dt"ﬁ%m"hﬁ'ﬁr\’\'ﬁéﬂf’?’tﬂ?f’a!’y %’?l al
f1ow i pef¥PnS]UWRINs not only in the turbul ent flow regime, but also in
the transitional and into the | am aF1 flg EP 0 469 302 B1 regine.
This and other objects of the invention” 48 attained, in accordance with

one aspectngf R LANERI R 2By or WatoMRGhd s%et.o\aghg@ PR 990% Il 0 daRAh it ail O M
turbul ept e%&tu( ALHa"AL thgrP ot j;.g & sdY so Eg suspensi ons and
which is e ﬁ.@fféré/d%m QnJTbBiéc%Qfeéﬁ] ﬁoeélﬂér%es%tc‘tfb M{Idﬁsandstﬁd GbsighBeirp8ilersiay | N9
a plurali ixpefdr syste @Q&:%rd'é&%aﬁtﬁ-meﬁ'enﬁgp rr&i’bnﬁ)‘ébcﬁen@ﬁbﬂofmv@g&ﬁmg@dbl’erﬁi;pirérﬁs
whi ch def ivB@ alrékRing 3CthdBlidwing BiddchptioNM&onrREtion %A1 e BdcafinyifydranssMowiidhom sai d
tips radi al Fiy. ti9uwpsrehestive Biodsi Smixiadipait afitzetbotios théiabentiaal d bl ades have
twi st defi neg 2oya placliew eftthelmpelibinsbtveoih Figi 1:h respect to a pl ane perpendi cul ar
to I d axi Big.2& is angbaionaitviewlvf tha bnpelias shaswmbrofidsl v aral 2 whjctsia pattidiy mdedtiob alwarale ai d
axis to probidéet thm irnetiar, the tectes deicmiakintaloomihe Vikeet-EintFigeZpi t ch ratio of the
bl ades at aFig-eids proendiviewobihe impelias shpw inflgsf 1-3m sai d axis is greater than PR
at said tipH9- s iewptoyiag srefiqnp duiougly variges foils of de| impgliprpt étff&fa'ﬂtlféﬂ*?' distanaes freher e
r is tHe rallip ijepefies s tamely 24 the H at 0gRA{whesmR isghe reaialdistancefpmnihe i t F’%s .8,
conput ed i n‘hae'tpa\'%ﬂa'ﬁ@%‘eWtq'Y'dgaP\ﬂt‘"ﬂsa"é 8 Poew %{HH'" bp Pgst PEthe impelier %

i nclination '%rth'§ fffp &lEe pying the é ‘"‘pPH% "T"BW—?Q% hﬁg? ?.fp&ﬂ] %‘E'Fé ef"@ chres

and advant a %%0?6 t vnewﬁet rﬁl)t:l? igs? f % an &}5 rﬁ f el ven on

BySt ems in E‘g&‘g‘é chevPs ?ff rZ]m {(]h Jo ﬁffg{e § ﬁf ch C)pea%? of uﬁlgeher
econe Jore bl

‘connection j@%m dﬁa g\p m\m&t &mwkmow.ﬁw,g 11to S ﬂ&?ﬁtﬁ&@%' ve

‘view of a nhgloqq,,dsggp@ e I nvention;
pl an vi ew ofg 196 4 GBE .h.ﬁér t§h V¥ shaswan tga usla of {ototlencd gbﬁera?d? v@bé&@fa &herb%J pré’és@rw of
the i el | efopFELeadd df the I5ialss; and 2, ch is partially in section along
-one bl ade ofig.t128s b @M Réw oftthéamﬁ)em btdidn beﬁ@gotsadwg R Q0ded dhethé higie prdssarel o
Fig. 2; Fi gbottdmiseriadss @@ bistie@yv of the inpeller shown in Figs. 1-3; Fig. 5is
a vi ew showFiggi3ssaews anendivisvoat giie impslieostBwii O figs. of aridht2 dndjae lehdevievadtf e fnipeleent

‘radj al distsweem FAg o 25 the inpeller axis, nanely at the tip at 0.7R

(where 4R i sFig-Hid is adprapectiiesieart @n impiiar tshtem inpaccapdandrevithihesinvenfionaang particalarly a

i npel | er di esirecf @npellsys, gne pidardertsiameted pndbeng of smgter disrestey; dmiftas ohwredo thedmealipra t
of the i npethowt in Figsg! thigughdS apd a'pﬁem@eeremw'aﬂ skipj@nd wi st of the inpeller

in terns of Fig-HE s G showing the, ’Qﬁg?éa"'(’ﬁ‘iéma Fta'Eq‘l'@ AAbimietienokizingd W&ha

secti Ogﬁt 0 17%;1'3é ch) Iler S; ? Fégﬁ 1 t %Ea wﬁ%ﬁape:g jﬁleng
_ d se Cl
are end S.Gep;g H@E ?{‘ﬂﬁr(%" wa'hﬁfw%f@ PRl rpplse o Vet

I’ ence

pair of |rrp T%r Elr{a tﬁ)rﬂ.%‘ th .m?se mbeﬂef oqfavu?jthf Sracesd2] £ HaR6 AN

Vi ew sho ﬁed

e%gbcileg % A th
flow gy, ds ba@ at, %ral:.gvy v%ﬁﬁéwa@e {%ge desw ewer»r& ratiiy) the Dare intrichtSly 2
Vi ew sim rdeJ 8 Ednfbosite nadhVuBi ad FiSer YehRor@a diddhid) Wr el IQ@Pﬁﬁe@ﬁdﬂror S6s3iof N
the | oW PrRRikY of combounds (chftBingStiofs?dn@ pRibtict ragh. hha%a; tof@re, defindsSthé! sKupé bOIRD
view of t BRddsEREthb Rlib. THOMB rhd) bbiaflachddlto HRANAD vihtcawaws etesmetbr dirbely b @ddrive
pressure géard)ahé Bidtob biidl shafe ap be bhire ofth@d@8mbly-bDa pdifable s whith May by tiempeafto t he
‘i npel | @5  shBIRWA aitatk cor@ningltfe joid of Bquidnddispnsicitol by m@ad. Giterbdtigsly, teahdt@rand its drive

assembly with the shaft depending thersfrom, may be supported by a stand or other support mechanism.

Each of the blades 12, 14 and 16 is identical. The blades have tips 24 which may lie along a
circumference of a circle defining the swept diameter of the impeller. The blades also have leading edges
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shown in’Fig. 11; 40 Fig. 14 is a perspective view of an inpeller system
I n accordance w t h the invention ang i S?Iqul y a pair of inpellers, one
of larger dianmeter and one of smaller r%e simlar in shape to t he
i mpel l ers shown in Figs. 1 through 5 and whi ch are in dependent
rel at i onshigs; anaRdiidy dbigeslZs. iThe Blades! BAQIURIAMVNE BavetambéraRdl ist BReptationg a&@sm% of
conpar ed t GhéragibiashGtr ol thlbidd6s ddppenk toathe GPist(sbl IR 6)ITHidlerbIds/ thé tifs SR df EHéedb BHR)
| npel | er ascus ba@kBo ia# toFsh@tan te diliedar @Nthb irmpelid ifMdaeled hevddi eddudigeth€ NdntheRofiSizés BIY
45  Reyndingslersiwiia neadifto & moidad. iTbd bihdes BRP be turtier beterided with- eopstime pitely asglanbeyend
to that wasedgamdutiesd®%bibdr nemitdh eadkdbleagth dt. , Thd JBiGoih dledas Haye Benositedtod and bottom
Weet man, etsugfices dhandt32 ediich FHadhellsveprefsurBland kighonressirerpuriagesobth hladgssthe high Messureg
Appl i cat i ores’Pregfectyripes of thp dladeisdhp wlieep dacingdtiecdirpqtipgintwhicirihg dluid 1s driveno fgrdigly,
there i s sHYWRAthe ‘H‘P?éie'h@ piated I & Flodkpise e dbpytdhe piisadfledn pgal flaw isgpepugest in the
assenbl ed 1"2’0"‘%?6%\?'{908?‘? °"Y'i'H dPSmHWﬂ)d'hthPén 'E"["a{'&ﬂ\@da"l‘oL"&s@ﬁéftF"dZ‘g ’adﬂ'l\éf’ 1é’lﬂ’es
R ST e S e e
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definitign of [err] see t aBobanr e ererﬁ%d artTan V‘F@t man, et al. on
~Vviscous m xing applications. Wile the [Ters are shown wth their
bgadef in aIi?nnFnt,tthehbladeflnay_be FI g eLed |Ihdeflreﬁ I't n?r be
advant ageous to | ocate e smaller inpeller above e larger inpeller.
"Thegse agvant agkse RBYis attesmclbetmattaaammtamermapmh@m gndalRRt wel?el pitgh gd?im at thetip and
i |1 0strawed dBRris prestpritiey PBxanpl es. 70 From t he foregoing description,

it will be apparent that there has been provided inproved mxing inpellers
‘and i npel | € 8y nelieg aseRidion 10 f GEIMEA: P'i‘%ﬁ':@ﬁ"feddb'e?‘étﬁr '%'ﬁ “lerfa'tgﬁéf 00D R ‘ent
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: 50 6. An impeller accordmg to any of claims 1 to 5, characterized in that said blades (12, 14, 16) are fluidfoils

having camber as well as said twist, and in that said pitch blade angles are measured between chords
(40) of said blades at a point at said tips and at a point at 0.4R.

7. An impsller according to claim 6, characterized in that said chords (40) at said tip (24) extend between
55 points at infersections of radial lines of length R from said axis and leading and trailing edges of said
blades, and said chords at 0.4R, and bstween intersections of radial lines of length 0.4R from said axis

and said leading and trailing edges.



radifus (R) of said inpeller, said blades extending fromsaid tips radially
toward said axis, characterized 2G pat said bl ades lmmmuﬂ“mtﬂlllmm
have twist defined by inclinations t?lere W t h respect to

perpendi cular to said axis at angles which increase snoothly along sai d

bl ades t osarah i;pslier @xdrding 1 claivOs bribin®iN charsoteripddtic thetdheCvattd iof sa@bjaded (@2, @4, 1B)Ein
pitch rati o t#mRof b rdtibef thé aogis ofatid ahad (V)i to the idlambeoD) af3aid tapellkr ARDf atehwirsaid d
axis is gredipeis dhan-2PR the tips.and 2t 0.4Rss awber33. PR i s defined by the follow ng
equation: [err] where r is the radius formthe axis of rotation to the
sect{ Qs wWlerAn ipRelies acsordipg teedlaimn 1 heredioridechin dhajihe atie af spicitjiginessoln thedengt] dsaigl | s
the angl e ofchPrd4d AbIBIddR isrboyidlanddhe fatinofispid didgrese 4o thalpngth ofgaidichgsd p QAR is
accor di ng td’°€1?§’P‘|‘ﬁ°1‘4t‘b?1%ﬁf acter| zed | n that sa| d bl ades have a twst, the
tw st [err ber n defi ne

i
dial di § for "9 9 "?‘P %E 30
o T8 i ca oy trﬁ d[fﬂh ;e e ﬁg oY tvs'rﬁantfnﬁ@ra.'% Ma i
characterl z GO PIPETTaT T'"'"?jw%"e °'ﬁ? an & of [err] 4. An inpeller

el e P et L e o

5. An ippel |ighuigics QisSHsbto , characterlze N that
inclination of said blades (12, 14, 16) i1s invariant for approximtely 10%

of the radsadn #ipsilerB&cBraing ANaiyN dlairf it 41, ldnBlEctdriRedSBY B s806h® impafor (2), s second

i mpel | er accampélienBaving aaplirai®f of blade8Fotdtalihp didposéd) adaRiallyewithZ&adr first dahed pRidiig of

bl ades (12, IsladdbSandapared inldepkinoént mlabaehimdedmiber as wel | as said tw st, and
in thatoesaid pitch bl ade angl es -are neasured between chor ds (40) of said

bl dees at 18 Avoimpeliensccering ta Cigie 2 characterizep 3 et seid 1BstRned’ pluralily Phipiwles end the
accor di ng t dlaseapireaie seeohchimpelier have @dposite sutfapes. ydict] devalop tpiatifelyOpw and relalively high
(24) extend Asesswessin s&jg; bodies, oidiimpederd beingrisppssd with thA selagyely iaw prapsule) sydage§f said
length R f r daden picbaid geeond jfapefias 430 ﬁi!;ac&‘i*fcfa'f’ rf%trtw'h@'g'eargtsgrearm@amt 3¢ Hgramed g

said cRords baatdeﬁ 4R, and between intersections of radial I i nes of length
O 4R from.sai d %ﬁi and said leading and trailing edges. EP 0 469 302
Bl 8. An ﬁaT' 8cord|ngto cIa|m6 or cIa|m7 characterlzed I n that

h dth f b
E)f es\;\l: qz chgr o del Lrﬁ?%%ﬂs %itsk arn HUssr er su J{E‘; cEgka:%gvf% Q&r&i&ﬁ%ﬁg i d
tips is abo ,s orf t,er §er @;& Rﬁﬁ ol ahf von
Bei

i npel | er accg) J}9(1 0r4C e%ma % NG )'dehEéF'@.hd Rt Scﬂau n @ﬂk (24)
thickness t Oau FQef.lrusSfﬁ) Ge§hmﬁﬁgél§lgaﬂnl€;en S@tost sich Riid Schadist! lonJaeh
the ratio Ofracﬁailzﬁi d&rMcﬁ%%?&u%ckeﬁ Qiabiliéh doRSHeEdRnRY, B4 Sehiateh @3, 19, %&rhéorgﬁlﬁ@
about Qs 14 tfmisén dieldurch e Ne'gatgb.eaeree‘eﬁﬁram O véraitab u @neCliadidityerdanhten Achse
char act er i z egnkiréthioh Eberdadicfinibt 36, Swdbdi2did AVidke) eiangedet SchaufelnOi PRIGHInG dBti AbIBE €S
whi ch r especdiingteibty gy Bed cheaien,rseldag biv @lbyrmdigierZuatadi voegesthery ed/ wolssivd@T NsigBingsgrad N
sai d bodi es,(PBndbr Sciapielntan@iremdeh iden Af)sd lro W48 LEntieestero Abssiaitdgréfer fstigle $R ablden An
, u er ac clpitzenwpbeid®Fedwich oife folbearmGleithung gegobarrisict eri zed in that said bl ades
(12 149 16) have opposite surfaces which develop relatively high pressures

in said bodies, and means for generating 15 turbulence di sposed on said
| ow pressure surfaces 12. An inpeller agcor ct0 any of clainms 1-11,
characterized by a second inpeller PB2F —sm ond i npel I er having a

pl urali ty of bl ades rotatably di sposed cBaxr aIRy wth said first naned
pl ur al it y of bl ades and spaced in dependent relationship therewith. 20 13.

An i npel | er v?o %nfbd RiationsahBQ LG4 bhidhs sl ah [ %E d%rsérel@%gd
plurality Ofbe in rd Pl ut winke! o’%ﬁr%@éhniﬁ@é @5 ﬁve opposi t
-surfaces, which develop relatively l'ow and relatively high pressures in

sai d bagli gs, RURALGh nBIRCAdspsh PedaBttci bSBREachn¥Y tith Lib Schddief! diNe® DishingViuleRES UT €
~surfaces of wRbidicdralRg (a3} w;s@d;gidaagﬂad i npel l er (82) adjacent said
relatively high pressure surface, of said first naned
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25 ° bl'ades. Patentansprliche 1. ROwrflLligel, der in F k6r pern
und in Fl ~ssigkeitssuspensi onskdr pe | mung erzeu ﬂﬂ!ﬂm!w
ei ner Lam narstrdrmung bis zu einer %?b“?gﬁgqnung reicht, Hm”mr
Ruhrfltgel fO das M schen und vermi schen di eser KM per geeignet ist, wobei
der RUhr f | Ugelvol{el Bi' dah neighiglbgradtih binst radiaizh abstaet vor( diwla 0,4Rl darddl}, undiivabiBt es stth ®eium
ei ne Achse ( 26R udhrdehblaigurgsgnat, anwebgritzethasteBoind whbisdi RR'YdBerzistrals(PR4) auf wei sen,
die den Radius (R) des Ruhrfl Ugels definleren, wobel sich die Schaufeln von
den Spi t zerd.r Kdhrtilgelznackh] ApspAch d eoder 3 tdedurdbegpkendzaihnet hdag eleinnBaséichhyent30 ° disBISdi e
Schayfel & (12liegt4, 16) ei ne Drehung 35 auf wei sen, die durch die

Nei gungen der Schaufeln imVerhAltnis zu einer zu der genannten Achse

senkr echt erf- Ef&KEogTrH pingm deyj Mgpricheddis %hdéd”W‘rﬂ@E?"“@fﬂ“Fe& B gerrNeigupgsyinka! derj n
Ri chtung der ﬁ‘é’ﬁ%@'"é‘lzl%Fﬁ)%ﬂe’@ﬂ%ﬁéﬁ“‘%@F’d@?fe"”b‘(?"d%'Bb'%?% ernei gter Zust and

vor gesehen der Scha I nem von der
rerce o A e S R R

PR durch die a ung g STt B “

r di e Radi usform er o at | onsachse zu dem Abschni tt | st an dem PR gem&B

der @ ei chyng R&%ﬁtﬁbﬁﬁ&%mém bl AandpRdnd P RS 5 dad&@ﬂgékﬁln%ﬂé%ﬁ‘ﬁﬁ'&ﬁﬂfeﬂ?@ 14, 16)
Abschnitfs in ﬁﬁ% BiofidnalslonenS&e gebelRBg'r"bglla & proas enﬁé"W@ﬁ:Hﬁréuﬂvelsﬂia% \R)Bel die
gekennzei chnelgen owilkdl Hws@oR 6 Séhndd @0) UBOSALINE B &Rbm PeAREdn ddh €pibethdng
(As) w e fol gbnéledm Pdnﬁtrﬂel OMQenﬁEsen werden. A = tan'
PR tan2 PR 8 EP 0 469 302 B1 lil Il1lc s~~10111111 111

*C L 7. webietiughiRiactel dnsphleh GLIdagieigh gokennzeictingie du sich dib Sahnbid 407 artl daroSpitast (26)
0, 4R dar st el i twisahord PunidEei are Schwittpimkies |dsPFadialen ddnienNdsr géingss Brwd den Aghse @i dane
hande€l t, und WotsdianteRdergSch@Bdsin ik denl SshiRR. beB 0.4R\dratrbtk@y aid preisshen\Behpittpunktert der
oder 2, dadur tdialge kininmdesiLénga &R vorader Aghse indBien genehntengferdsp U"‘!)H’Q*%Qﬂen& 5
liegt. 4. RJhrfl Ugel nach ei nem der AnsprUche 1 bis 3, dadur

gekennzei cl"ﬁ'lefmh S naelt AL efony riledirehaekenagzsichnet, diphdi &?ﬁ?‘te 9ot s"'ﬁi‘ﬁ'"d}? Her®n
Spi t zen 1624) P Fn VBEEInYis fler LGRgo1 g7 Sghne &) u; degyy Durghesspr ( L‘F?Pfﬁ‘#‘@'%qe'sn%{ﬂw A 98
der AnsprUche 'Tuﬁqgtwﬂoaqj‘ﬁﬁﬁ?'conngeé% W8 ¥hnet, daB der Ne| gungswl nkel der
Schauf el n (912 riU 1 rch& Ql EI ﬁ %ad A(F 3

77U der genann \(/{it.]rc ennﬁelc erhé or cezu
Ansprilche 1 Eg-ﬂ é é ﬁggg{'a%t g'tze %é :eb %u e?‘bns(élg(ﬁ% f%r)
? | ssi g |tsfo I en darste d| € neb der genannten Dr ehung ei ne

Wl bung aufigekaitgeitath dreder ‘lhﬁarﬂ@@ﬂ%@'d&@&rw&ﬁ&dﬂﬁﬁét deiie BRRAM]TL, PERBEN
(40) der SchayfygloBngdsbel OSR lhiwaiBend 8D oBBrEchENA ik Bsh RSipdRh NANBIRSHUSEIG HORd und
-0, 4R genessenvaihieesig/niedngd Dfuand@@ﬁghg&n%ﬁd wetbi e VAREHIKde butweisen, die auf den

- gekennzejschnegenatlitdd Gheibichdh Strén@inGsimninddh)voBéhefler Spitze (24) 20 zwi schen
Punkt en an Schnittpunkten der radialen Linien der Lange R von der Achse und
‘den i > 11. Rihritigoitnachkeinsimadsr drespriSGehichid 9 dadunial gakemzéighhetodas Idiei SchautR (12, 14, 186)
er st recken unentgagergesetate Soérilichdanpauhveisem diein dendkSubeem vérhiiniemésipe hohb LRgplzutivid]
von}TJer Achs eemaengert] aind getred din tSshaulglar ainer EinrightungHiun Eastdgarg einer VArbelRromufig aufedisen,
“nach~Ansfr uc hdig sigejan dep Ni@&mweﬁ‘mmieﬂ!eéhnet, daB die Breite der
~Schaufeln (12, 14, 16) als Verhaltnis der Lange der Sehne &'W) zu

" dem Dur chmel@s Bphri E’ée'P@hPF %@P‘%‘e(‘w 1. a‘ﬂ‘eﬂﬂéﬂ"’@ﬁ‘l E’ér?’"@'ﬂ iten Benriitigel (B
0,4R etwa O, 330[1% Pltea%.\ re T axial zu der ersten
gekennzei chne e"a'(‘{'él eY%a d""thf’i‘ff e (’:R“E‘ '"Léfﬁ 'ga'ar"%@ﬁﬂ%”( A5 an
der genafint en®E8 8”’8?{}9& °6 et r | gt und wobel das Verhaltnis der Dicke

~zu der 30 13. Rhmgl ng&r An§§£&e12p§adurgn gd’e%nglgé{@n&’ d%é‘ dig ieéteegtemntg ’I\ﬂ%ﬁer\?\trJniéaﬁaufeln

und die Schaufein des zweiten RUhrfliigels entgegengesetzte Oberfléichen aufweisen, die in den
genannten KSrpern verh&ltnismiBig niedrige und verh#linismasgig hohe Druckzustinde erzeugen, wobei

50 die RUhrfligel so angeordnet sind, daB sich die Oberflichen der Schaufeln des zweiten Ruhrflligels
(82) mit verhllinism4Big niedrigen Druckzustinden neben der Oberfliche der ersigenanntien Schaufeln
mit verhélinisméBig hohem Druckzustand befinden.

Revendications
&5
1. Roue & aubss qui provogue une circulation allant d'un écoulement turbulent & un écoulement faminaire
de masses de liquide et de suspensions liquides et qui assure efficacement le mélange et le brassage
de telles masses, la roue (10) ayant plusieurs aubes (12, 14, 16) qui peuvent tourner autour d'un axe

9



10. "Ri hrfl firget mach ei nem der AnsprCche 1 bis 9, dadurch gekenn

daB die Schaufeln (12, 14, 16) entgegges te Cberfl achen Mﬂéﬂﬂl “M”“l _
ent sprechend in den Korpern verhgltni smABI g hohe und verhAIt

ni edri ge Druckzustande erzeugen, und wobel sie Vorspronge aufweisen, di e
auf den 35 (20), 1gcaubssdyeit debedrérhitse I(Enqu‘stlétimmmgsiybh(mganoueolé§aibss1étaniajrigées
RUhrfl | gel naddenesntnens e démaspiss-etrémilésptsmactitisée b cberqué leg akiesa (xR i1¢,négont wlaB
di e Schauf eltorsifr éterivihée D& )lere incipeigEngpe spbart & wCblen pérpkmbicviaira 3f lags aver desdangles n
den K6r per n aveadgmbitternt progissiyemeiide Dngudss autsss fverd daxerppeudgenss unenedndilish eXinclinaison
Schayfed n eiereesivenei lelvanpory dinglinaisenz EBh dascpubdsrrians \wer d9etios apicteLireyvead ngedisange  KJ
40 di e <igelr 2#Rcrer!'axq estisuptispiRuanpert PR mivprulsies PRG(Ss. le J20pmt AR Flantgifin
nach ei nem cRef 'éapalipt sA@e 1 bis 11, gekennzei chnet durch einen zweiten

RCOhrfl Ugel (82), wobei der zweite RIhrfllgel eine Mehrzahl von Schaufeln
auf wei st di e drehbar koaxi al zu &8r= g’ enannt en Mehr zahl von
Schauf € n an fnret nsclgn‘glnsun edle lr(aner g‘uelgl S zu ncaéﬁé
beabstandet % F?%@ a@g'@
gekennzei chne?p 2 e8rse e’tentét“r]ltn rzaﬁ?ﬁgvon %au?i “

Schauf el npdeg,,g w,se@ @euwa m%L 1CBA- RO 6 484 Bs LIS b um@m@%«&b@ﬁm
die inden qg%tmn,gggrp;may&r Al'tnisnKBi g niedrige und verhgltni smABi g
hohe Druckzustgnde er zeugen, wobei so die R(hrfl Ugel so angeordnet

sind, daB sich die Oberfl achemgleig-SGeirauhpgr@as) zwei ten Ruhrfl Ugel s (82)
mt verh~ltni smABi g ni edrigen Druckzustinden neben der Qberflache der

er st genannt err’ &aftadlfappait dThdinaisen b ahd distanas Bidigle Rpdiedmdivarekzdgsib & 0dRBe PR dtistie
RevendIzb cat i rappert BinclinaistReUkexigEndid ldessaubes, PR staioypéieurdePRei rcul ation al l ant d' un
6cowPenent turbul ent a un ecoul enent | aninaire de masses de | i qui de et de
suspensi ofis Rdue iauhes selen lg revéndigation it cu dfchiaciérisénemee due AgBhianmerisentrd 30 dhAd'ssage
de telles masses, |a roue (10) ayant plusieurs aubes (12, 14, 16) qui
peuvent t Gurfiaup azaubes solon 'une quigleongue dessrevendicafions 1)} 3, ‘E’aetﬂ?}ée op &8 qgmb%%naayant
des ext¥ 6ni t°l9§a'{b2ﬂ512q\1r16éléll'ei“tﬁ’?’%fﬁfé @"é"?‘&?’ﬂﬂ'sﬁﬂ)‘wdéeﬁ& roue | es aubes et ant
diri g6es radjal rreg\t v|er|§ axe ‘ﬁ extére%tes Ctdr s6e e 3

auo I'es abbe? %%2” eia;m;te% fade dgf%o ibarion ed oy Trcion i abai 2 o1
par rapport "%r"éﬁt%t cﬁ?fhP&P PR agv%Pé' Bs angtFes ik
auerent e n% H{ogg %ﬁb%s‘éSiB'?? ] dgs Je\%ﬂ&lca‘%l&% 1%“? %§raéﬁ§irs§14n @4e RE Ui Qﬂanﬁr Q6nt
condi ti"on "d’ del Grgh an‘ﬁquement prof:l@é(gﬁﬁtsdng gamhﬁ"t; r?plﬁ HQ t&rsn&i feon
(PR des autn e e S i St o da el O Dud R

de |' axe est xﬁém@gbteédruna&ntrqapgg%gvelglzngg,stg,\c\égm es extr6mtds Ie rapport
PR 6tant defini par 1'equation suivante: PR = (rIR)ztg( frilR) 10 r 4tant le

rayon GNP i Rou€ Blalitds lselén<Ig rédndicaion 6] &ifacBliséb 8n S€GUs! 168 tortia$ 810) Ak extishmitssl (24) sont
rapport PR asinpi@sas ettleciesl poifits Bhtdrsettipn @b iseyinefts €16 @ittt tadiawede Angdbid Lt comp@sngtre

~d" i nclinai saurxedans Hoaldidtattagee et deoiite dbs pubesbet das cthegy H8ne distanRD 4R antetee poig®| on
| a revendi cafintenseclion darsegriedisi deo droiten radigwq o ldngeuia OLBR Tompris entre lNexer efi ies bordet t e
;torgsion i 5 dattaquafel Je feiteant definie par la relation A6 = tg-' (PR 10, 4w) -
tgl%W n) PR 6tant |le rapport d'inclinaison a une distance radiale

: appr oxi naBi ote Ataumgselen |2 revendicalion ey Bicametérsge gmce que la lasg Ed ides ebpHERi Wal®on
(& |" extr 6 te3PIRSS PAY8 EapPorbAle ladangypur 8 B GRER (1) 3y Jemetres(D) gy 3o ot %ﬂﬁ&%ﬁvé%m W | a
: revend| cati cﬁ’f""*.[“"iﬁﬁeﬁdeﬁvéﬁ’a%?%?”?‘%@mé at depyiiey hd% 2 wedistpeaAei0ifeant re 30 et 45

Roueg_zgeﬁiubes sol on %v(?o gisqc)ﬁa%nsge enacrgever%lggp:tgén ﬁse“ﬁtgj L’%’Qr

car act éf i qﬁa@ remlt
extremt6 ( d, ce 5[955 gﬁi une -

revendi cation acterlsee en ncllnalson des aubes (12,

14, 16) egq, Ao'aya b@eglsaoémne bicthden bd .taoeneteat.t,a 1da 6! AREEBnkEgh 8d fuodeibet (1£S
extremng 6s ey Y&l besPe(Races QppoSses R skt %E&%ﬁveﬁt@*i%s lpredéishs F8stivement élevée et

;revendi cati OrQIﬁtlv &t Faibl6 HarC 18 hBER, 8 d6LsAllibd AsBitaRt BES glided, d'dcdulentént sBORE
des organes dapstedynam quenent prof| | es ayant une canbrure en plus d'une

itorsion, et en ce quo les

' 11. Roue & aubes selon I'une des revendications 1 & 10, caractérisée en ce que les aubes (12, 14, 16) ont

55 des surfaces opposées qui créent des pressions relativement élevées dans loes masses, et un dispositif
générateur d'une turbulence placé sur les surfaces 2 basse pression.
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angl'es dés aubes‘inclinees sont nosur6s entre | es cordes ( en
un point qui se trouve aux extremtgs Qe By Point qui s u @E Bﬁ uu!
di stance & 0,4R. 35 7. Roue & aubes gg%%na?a revendi cation o) ¢ l *I-

en ce quo |l es cordes (40) aux extremtes (24) sont conprises entre des
points d' i NRERGRCE 4ubss shion FOBNERE teverdiRatibhol b G1,cadtterisie f uhdsugoreld roub 2COBE3I(BS,
entre |'axe etfa deemdbeaiuds abat dyajwes edbesl dispaséds aafia g ellas begent ebadaementcauchesnier
une di st ance 6nséirbledubes disspapéasraves wib raliar doatépendancel par sapgerentalledd droi t e
radi aux de | ongueur 0,4R conpris entre |'axe ot |les bords 40

d' at{aque et3. Beuefdpubes sdon IRmryendicationj@scapgiétsge lop cp gyeladrariarieprerloglpubes et les
caract 6ri s6e @bee de inRgoande Foup §cybes ppdes sudases apRoséey|qui PNt Sas PIRSHORS [§lgrvemant
rapport de | afablsrefueigiverorat flavég sergles megses lpsdpussnAtqubes dignt g'ép S g fRanibre gy des
(WD) aux ext fBRFE6S pessionyelatyompr ﬁ’"{g%s aubos da Ja $930pe e A aukes (R F9ghadipcanies
une di stance A& YroFRde RSN relgiyement SlerhR desPEIMIHeY ¥™¥evendi cati on 8,
caract6ri’see en co quo le rapport de |'epaisseur A la |longueur de |a corde
(40) a |'extremte est d environ 0,1 et le rapport de |'epaisseur Ala

| ongueur de |la corde A une distance 6gale a 0,4R est conpris entre environ
0,14 et 0,22. 10. Roue a aubes solon |I'une quel conque des revendications 1

a 9, cargctdrisoe en ce quo |les aubes (12, so 14, 16) ont des surfaces
oppos6es qui creent respectivenent des pressions relativenent el ovee et
relativenent faible dans | es nasses, et des saillies d6limtant des guides

"d' ecoul enent sur |es surfaces. 11. Roue A aubes solon 'une des

revendi cations 1 & 10, caracteris6e en ce quo |es aubes (12, 14, 16) ont 5s
des surfaces oppos6es qui cr6éent des pressions relativenment el evees dans

| es sses, et un dispositif g6né6rateur d' une turbul ence place sur |es
surfaces a basse pression. 10 EP a 469 302 BI |

100 15 0 1 e 1 A I O I I O O 8 n s * 12. Roue a aubes sel on
| " une des revendications 1 a 11, caract6ris6e par une seconde roue a aubes
(82), | a®seconde roue a aubes ayant des aubes di spos6es afin qu'elles

tour nent coaxi al enent au prem er ensenbl e d' aubes et espacees avec une
relati on de dépendance par rapport a celles-ci. 5 13. Roue a aubes selon

| a revendi cation 12, caracteris~e en ce que |le prem er ensenble d' aubes et

| es aubeg de | a seconde roue a aubes ont des surfaces oppos6es qui creent
des pressions relativenent faible et relativenent 6l evde sur | es nasses,

| es roues a aubes etant di spos~es de mani bre que | es surfaces de pression
rel ati venment faible des aubes de | a seconde roue a aubes (82) soient

adj acentes , la surface de pression relativenent 6l evde des prem bres
aubes. tg 20 26 30 35 40 45 50 55
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