MIXING APPARATUS WITH STATIONARY SHAFT FIELD OF THE INVENTION [00011 The
invention pertains generally to mixing impellers, and more particularly to mixing impellers which are
submerged in or at least partially in liquid material and rotated by a motor-driven shaft. More
specifically, the invention pertains to a clean shaft housing that provides a non-rotating surface that
limits the likelihood of the accumulation of solids or materials on the rotating shaft. BACKGROUND OF
THE INVENTION [O002) WXy FaleRsdESAILE S9et iy Wudtly SExaRDles of industrial
mixing impellers include designs which have a central hub and two, three, four or more radially
extending blade type structures. These blades may be flat, angled, and in some cases have a wing or
propeller shape. Typically, the impellers exteml cadigliy outwakdtydrom a motor driven shaft and are
submerged inside a material to be mixed. Oftentimes the impellers are in an at least partially liquid mix
which is being confined in a vessel, which may be holding the material in a batch process or a
continuous pro¢eggl] Thi@0a3tidn sermentypesofl mixingi ajpplicapidis s amdmilesinsbiécphehomenon
occurs wherein various solid materials that are entrained in the liquid material being mixed will
accumulsteiog theptdadivghedge ofithe dladeiand fokmstumpsistindggraf seicalbdndagstel way to
understand this phenomenon is to consider impellers used on boats, which will capture weeds that will
then adhenedtoradeachng &tgd/bfrtherboat gippditemandtinmpecaits operatianalhefiiciendyeSimilarly, a
ceiling fan will often accumulate dust from the air on its leading edge which will form into elongated
filamentporaimmamson-rotaiogsbrasinitiar phersorne mide! deeur s fpthxti autartyy fofoexafnglédindhe case
of mixing impellers used for astewater or sewage water treatment, wherein the material being mixed
materials on the rotating shaft.

BACKGROUND OF THE INVENTION

[0002] Mixing impellers are in wide use in industry. Examples of industrial mixing
impellers include designs which have a central hub and two, three, four or more radially
extending blade type structures. These blades may be flat, angled, and in some cases have a
wing or propeller shape. Typically, the impellers extend radially outwardly from a motor
driven shaft and are submerged inside a material to be mixed. Oftentimes the impellers are in
an at least partially liquid mix which is being confined in a vessel, which may be holding the
material in a batch process or a continuous process.

{0003] In some types of mixing applications, an undesirable phenomenon occurs
wherein various solid materials that are entrained in the liquid material being mixed will
accumulate on the leading edge of the blade and form lumps, strings, or so-called “rags.” A
way to understand this phenomenon is to consider impellers used on boats, which will
capture weeds that will then adhere to a leading edge of the boat propeller and impede its
operational efficiency. Similarly, a ceiling fan will often accumulate dust from the air on its
leading edge which will form into elongated filaments or streams.

[0004] A similar phenomenon occurs, particularly, for example, in the case of mixing

impellers used for wastewater or sewage water treatment, wherein the material being mixed



often has various types of crud solid particulates, hair and other non-dissolving material. As the water
is being treated, these materials sometimes tend to adhere to the leading edge of existing impeller
types, which reduces the flow over the impeller type, and reduces the efficiency of the impeller.
Similarly, these types of crud, solid particulates, hair and other non-dissolving material sometimes tend

to adhers fo il QiaiNG shall drving Lainpsienand san alae MBSHS IRINIRG Sysienys querational

efficiency. [0005] In many industrial applications, the impellers are so-ca xial flow- in ' which

the liquici Rb%ﬂgmfafat%A@@.e!i%s§19§%gum%%ﬂA%Eht%rﬂlf?&)t&aﬂ&@@8@'@/19&{%‘%%&“&@”8 of

the shaft (perpendicular to the direction of extension of the blades). In other instances; impellers

may be thesesgaliegkiradishlon: ivge naiichivadiatarial iosnsUal helno yged fadially outwardly
t la es.é

away from the shaft in a direction parallel to the direction of extension o ome of these

impellers.have-Reerr known tqiktilize, & cirgulardisk having pagddles fadially, extending oufwardly

therefrom. 100061 In view of the thregoing, it would be desirable to have a mixing impeller and

shat design thal ean el abieashia same, a6 GisckaliDe develaamentof iauser other

collections adhering to the leading edge of the impeller and/or drive Shaft. SUM

INVENTIQN o, Q007 SOME ASRES'S QL 5OME, &NRAMINEALR.AE the invention provide a mixing

impeller and shaft combination that can mitigate, at least to some”extent, the effect of the development

of -rags” or othgpgediestions,3dharing ip heileading efgs ol hempeller. anta the rotating-shaft.

100081 In one embodiment of the present invention, a mixing system for mixing components in a

vessel naifh ailenieian andiaRattom RorHRAIRPIRVIARE, campUsg A lgd.raRdu epprected o

the top portion of the vessel that extends at least partially to the bottom portion; a rotating shaft having

a first enghand aserond endispesedhwibinsaid e candult nat Lofalss yitkinsgid fixed gonduit

while the mixing system is in operation: an impeller connected to said rotating shatft at said second

end, saidifeeSLSQPHSIG AR dlsk partionibipvinga eraler 3 ALIgRRl ANl sqensions

extending at an angle from the central disk portion; and at least two leading edges defined by an outer

periphery ofdha cepfral diskirrdian, easR1pading SA9R SPANNIRGATQM, ONRSXIRNSINN A 3p adiacent

extension, and each leading edge having at léast a'portion at which the radius of the leading edge

from the GeRIGEAXIS IRIRASES APHOHT ALONHOUS m&géﬁ'x‘ﬂ&;@?%‘ét’rw& known to utilize a
circular disk having paddles radially extending outwardly therefrom.
[0006] In view of the foregoing, it would be desirable to have a mixing impeller and
shaft design that can mitigate, at least to some extent, the effect of the development of “rags”
or other collections adhering to the leading edge of the impeller and/or drive shaft.

SUMMARY OF THE INVENTION

|0007] Some aspects of some embodiments of the invention provide a mixing
impeller and shaft combination that can mitigate, at least to some extent, the effect of the
development of “rags™ or other collections adhering to the leading edge of the impeller, or to
the rotating shaft.

[0008] In one embodiment of the present invention, a mixing system for mixing
components in a vessel having a top portion and a bottom portion is provided, comprising: a
fixed conduit connected to the top portion of the vessel that extends at least partially to the

bottom portion; a rotating shaft having a first end and a second end disposed within said fixed

[



[0009] In yet another embodiment of the present invention, a mixing apparatus is provided, comprising:
a motor mounted to a mounting plate; a fixed conduit connected to mounting plate; a rotating shaft
having a first end and a second end that is disposed within said fixed conduit that rotates within said
fixed conduit wherein said first end is connected to said motor; and an impeller connected to said

second endafisaidraiating ehafh sxidl804P LAl anather-embadimentsf thepiesentinvention, a
method for treating a material is provided, comprising: sing: placing the material to be treated in a

vessel; apgdispasingea:catational shafivdthing fixedigonduficannesied 1o thrressahaciationally

driving the rotational shaft having an impeller blade attached thereto, the impeller blade comprising: a

central digkpartion heving asenter axiscaligashadalr ohaxtensiops pieodingfomdhe cepfral disk
portion; and at least two leading edges defined by the outer periphery of the central disk portion, each

leading grlgs grRanMing UM pReeXignsiaNdRenadiacent eXensiomandeachigading.sdgedraving at
least a portion at which the radius of the leading edge from the center axis increases to form a

continuoy ingraasiaaaslissHNeeh el Lhide apatharembadimentel e Present ayantion, a xing
system for mixing a fluid or the like in a vessel is provided, comprising: means for placing the material

to be tregfechifoa varpelcanc.meara ondisResingasatatianal shaftwithin a.fixed.sonduilaannected to
the vessel; means for rotationally driving the rotational shaft having an impeller axis; at least a pair of

extensiopg:@tending framrthacaniakeisk Radiananshatleastwaleadingedogs defined by the outer
periphery of the central disk portion, each leading edge spanning from one extension to an adjacent

extension, and paodjeadiog adgr-havingahisasha ﬂfartgﬁasaﬁtwhmm,@%&&%&l@?&im@dge

from the center axis increases to form a continuous increasing radius curve. 21 There has

thus beeproutlinedrathairoadhnserainrrbedimenia @i thadnventerdnerderthat thedetailed
description thereof herein may be better understood, and in order that the present contribution to the

art may he-betier phrsesiatedinkheraaie. hcowse .addiional empodinents Qf thsdovention that will

be described below and which will form the subject matter of the claims appended hereto. 100131

In this respedxQetoiriexplainipgat ivastpnaembadinental tRelnventianindetailolis e
understood that the invention is not limited in its application to the details of construction and to the

arrangeragnis ebthacompenents setdertbintba dalewingfesedntioBtating shaft.
n or illustrated in the drawings. The invention is capable of embodiments in addition to those described

and of being pragiagdRRMIFaniad:-OukiRoMatoHs Wals pNsentis iahm Undersieeddhalthgg o
phraseology and terminology employed herein, as well as the abstract, are for the purpose of descripti
and shouldtpetibe pegamtad @mmEng. placing the material to be treated in a vessel; and disposing
a rotational shaft within a fixed conduit connected to the vessel; rotationally driving the
rotational shaft having an impeller blade attached thereto, the impeller blade comprising: a
central disk portion having a center axis; at least a pair of extensions extending from the
central disk portion; and at least two leading edges defined by the outer periphery of the
central disk portion, each leading edge spanning from one extension to an adjacent extension,
and each leading edge having at least a portion at which the radius of the leading edge from
the center axis increases to form a continuous increasing radius curve.
[0011] In another embodiment of the present invention, a mixing system for mixing a
fluid or the like in a vessel is provided, comprising: means for placing the material to be

treated in a vessel; and means for disposing a rotational shafti within a fixed conduit

connected to the vessel; means for rotationally driving the rotational shaft having an impeller

tsd



100141 As such, those skilled in the art will appreciate that the conception upon which this disclosure
is based may readily be utilized as a basis for the designing of other structures, methods and systems
for carrying out the several purposes of the present invention. It is important, therefore, that the claims
be regarded as including such equivalent constructions insofar as they do not depart from the spirit

and scopg.af: the.BrRegenEIRe IO fin BRIEB15ie SGRIB TN QENTHRIEI RRAMINGE ving IPRIRLFIG. 1is

a perspective exploded view showing an impeller according to one example of a preferred

embodimens; of thadnyentionr FORLL R CxRdgiadar-viewofthedmpalielitusirated i e hwi00171

FIG. 3 is a side view of the impeller illustrated in FIG. I. [00181 FIG. 4 is a geometric diagram

illustrating.gompe.desian-AsRe s tlanimmnsliesrecarding @ angthakisfemedambesimentafthe
invention. 100191 FIG. 5 is a schematic side view of a mixing system employing the impeller

depictedsipuinitag A slangkwith dheshafiganduibinageardancawithamembediment of thapresent

invention.
portion at which the radius of the leading edge from the center axis increases to form a

continuous increasing radius curve,

[0012] There has thus been outlined, rather broadly, certain embodiments of the
invention in order that the detailed description thereof herein may be better understood, and
in order that the present contribution to the art may be better appreciated. There are, of
course, additional embodiments of the invention that will be described below and which will
form the subject matter of the claims appended hereto.

[0013] In this respect, before explaining at least one embodiment of the invention in
detail, it is to be understood that the invention is not limited in its application to the details of
construction and to the arrangements of the components set forth in the following description
or iHustrated in the drawings. The invention is capable of embodiments in addition to those
described and of being practiced and carried out in various ways. Also, it is to be understood
that the phraseology and terminology employed herein, as well as the abstract, are for the
purpose of description and should not be regarded as limiting.

[0014] As such, those skilled in the art will appreciate that the conception upon which
this disclosure is based may readily be utilized as a basis for the designing of other structures,
methods and systems for carrying out the several purposes of the present invention. It is
important, therefore, that the claims be regarded as including such equivalent constructions

insofar as they do not depart from the spirit and scope of the present invention.



100201 FIG. 6 is a schematic, perspective view of a mixer assembly in accordance with an alternative
embodiment of the present invention. DETAILED DESCRIPTION 100211 Some embodiments of
the present invention provide an impeller having a central disk portion, at least a pair of extensions
extending from a central disk portion, and at least two leading edges defined by the outer periphery of
the disk portion, each leadiBg Edige ERaRIMp HenOENE-BXBRSIGN ot adjacent extension, and each
leading edge having at least a portion at which the radius of the leading edge from the center
increases to fooitsy ERtinueuspaisrrRasingdadisizcune: Avaspeahahipisiis thabarsigmopsavides in
some circumstances a mixing impeller that can mitigate, at least to some extent, the effect of the
develepmepitofftage: forrothen bollectians ddherisgienthe leading edge of the impeller, or to any edge of
the impeller. [0022] Some preferred embodiments will now be described with reference to the
drawing figurgewbjaridike tetergncr-wuwnberspitetollikerpadsatimaughout. FIG. 1 illustrates an
impeller 10 which can be mounted to a shaft 12 via a mounting hub 14. The shaft 12 is illustrated as
cut off, but tyjseaily Ficultliexteidd itthefwayithpellghi et 14 Brahe hub 14 can be mounted at the
end of the shaft 12. Thus, several impellers 10 can be mounted along the length of a shaft. Typically,
the shaft 12 ¢pne8iisiasidesaavesset{not hewn ) Contaitipgdie mMaterialde:-be srixadnandlis driven by
a motor outside the vessel. 100231 In the example shown, the hub 14 has a radially outward
extendirgrdiaunting flange - diervwileaeafitrabbasehanch-armploiality of bolt holes 18 therethrough. The
impeller 10 has a central aperture 20, through which the shaft 12 can pass, and also has a plurality of
bolt holes 22[dtargtiiicughsarredpandingitiz thiewalt holes:ikg. instbis wapidhe impelieikdigan be
rigidly affixed to the hub 14 by bolts passing through the bolt holes 22 and 18, respectively. The hub
14 caddpecaffixed onfo the sbafl d2hhbthsaxiallyand: rotatondly cyia@inyobaianikaaver aitachment
methods. For example, the hub 14 can be welded to the shaft 12. Similarly, the impeller 10 can be
mouniedstarthe brtiotd via any known attachment method, including, for example, by being welded.
Also, the hub 14 could be integral with or permanently attached to the impeller 10. 100241 Turning
nowM more fEIa(1td 1 GS isl :3sdhenilivstratechirrpallesd0 vicludesa eantialldisk regiadadavhich is
substantially in the shape of a flat plate One or more (in this case three) downwardly bent extensions
26 arespiowidsicband anglebadiayfita ithepaisknrdgiant2¢has shown. In the illustrated example, the
extensions 26 project away from the plane of the central disk portion 24 by a band angle X of
approximately 30 degrees. It will belappsdCiare & Hat BiisTa00le can be varied anywhere from
practically zero up to 90 degrees, or anything up to 180 degrees. In the example shown. the 30 degree
angle provid¢sibrjdenecaty bxiddiftaw pdnipingeckciiieibladeds heatith: 96 degrels; moragagdial flow
pumping will occur.

central disk portion, at least a pair of extensions extending from a central disk portion, and at

least two leading edges defined by the outer periphery of the disk portion, each leading edge
spanning from one extension to an adjacent extension, and each leading edge having at least a
portion at which the radius of the leading edge from the center increases to form a continuous
increasing radius curve. An aspect of this is that design provides in some circumstances a
mixing impelier that can mitigate, at least to some extent. the effect of the development of
“rags” or other collections adhering to the leading edge of the impeller, or to any edge of the
impeller.

{0022] Some preferred embodiments will now be described with reference to the
drawing figures, in which like reference numbers refer to like parts throughout. FIG. |

illustrates an impeller 10 which can be mounted to a shaft 12 via 2 mounting hub 14, The

(¥ 5



100251 In the example, three projecting extensions 26 are illustrated; however, any number of one or
more, preferably two or more, extensions may be provided. In most preferred embodiments, the
extensions will be two or more and will be symmetrically disposed around the circumference of the
central disk region 24. Also, as discussed further below, the impeller blade 10 may optionally be a

unitary degigras shewndd KGR ok Rueh & desighniis sasyenientde.farm.ftap asingls flatplate
which is cut to the desired outline shape, and then can have the extensions 26 bent downwardly by a

suitablepaahanicakRIEcesSunted 40BR0dHIQWRVELHRSPME EASES JOLEXANNIR D fhe.Gass.of large
size impellers, it may be desirable to fabricate the impeller 10 from a plurality of parts that are welded

togethepguothennise attachashto eachatherrFReaxamplerte individualextensions. 28 can gach be

welded on at an angle to the central disk portion 24, and/or the central disk 24 itself and an associated
extensighoeal) bshiade:ahindiduasnRERENtRasIMIth 8D 23S0CRlREL RIMENSIARse;. 100271 In &

further variation, the embodiment of FIGS. 1-3 can be fabricated by welding together three plates,

each plate beingor exampleninithensbapenshawn inklG: AdThe Rlatesraan e sanfiguledsp they are

welded together end-to-end, thus creating a flat central disk portion 24, or they may be fabricated to

overlapfragh otheidanddhusbe.stagked preaeh othel i ruchsaasanthgicentral disikipgrign 24

would have a greater thickness equal to the number of stacked plates. Also, if the thickness of the

plates isdelativabuithiroveral, thenihnmaydasufficienttenayghathickness phthasgntaldisk portion

24 having steps formed where the plates overlap. 100281 The central disk portion 24 has a

numbengfdeadingedgesdomihainunaberofdeading edoes 30:coResRORMINgILP the hymber of

extensions 26. Each leading edge 30 extends from the transition location of one of the extensions 26

outwarditgdie:begianingohihe ansiion phthm et RdireRNbEXENRION 28,4 13100294 A%Kan be

seen in FIG 2, and as illustrated in more detail in FIG. 4, each leading edge 30 has an increasing

radius froihe center oé Uadislas HRXIBRASI TORMNGXially and rotationally, via any of many
known attachment methods. For example, the hub 14 can be welded to the shafi 12.
Similarly, the impeller 10 can be mounted to the hub 14 via any known attachment method,
including, for example, by being welded. Also, the hub 14 could be integral with or
permanently attached to the impeller 10,

[0024] Turning now in more detail to FIGS. 1-3, the illustrated impeller 10 includes a
central disk region 24 which is substantially in the shape of a flat plate. One or more (in this
case three} downwardly bent extensions 26 are provided and angle away from the disk region
24 as shown. In the illustrated example, the extensions 26 project away from the plane of the
central disk portion 24 by a band angle X of approximately 30 degrees. It will be appreciated
that this angle can be varied anywhere from practically zero up to 90 degrees, or anything up
to 180 degrees. In the example shown, the 30 degree angle provides for generally axial flow
pumping. If the blade is bent to 90 degrees, more radial flow pumping will occur.

[0025] In the example, three projecting extensions 26 are illustrated; however, any
number of one or more, preferably two or more, extensions may be provided. In most

preferred embodiments, the extensions will be two or more and will be symmetrically

6



inside of one extension 26 to the outside of the other extension 26. That is, each leading edge 30
begins in the direction opposite to the direction of rotation with a smaller radius, and has its radius
continually increase in the direction opposite to the direction of rotation until finally terminating at the
next extension 26. 100301 FIG. 4 illustrates a point A on the leading edge 30 of the central disk
portion 2éploedtechappraxiviately@degredsltemrthaibeginging of theldeading edge dFuAtdhis point,
there is an angle of attack (between the leading edge 30 and the material being mixed) included
betweebdhevlinesiAlpebididlugifaies agaogean e inmthe,dading cdgews thatjomnt), angwatine A2
(which is a line perpendicular to the radius at that location). It will be appreciated that the next angle of
attack betieeen linesddhiand B X@hiofiation Binwhidhispappratiriately@odenregs framdthafeginning
of the leading edge 30, is higher than at A and increases further to a yet larger angle between lines Cl
and C2 dfajacatioh Gen cahOR3d fhbussttheilerditg kadged30formel f BoniinLGUSEIeUvaEdSRInaling
shape. A benefit of this continued outward spiraling shape is that the leading edge 30 cuts its way
throughptheaszaterial in such a fashion that rags- tend to be minimized and not to adhere to the leading
edge 30. The angle between the leading edge 30 and the material being mixed (the angle of attack) is
kept to be a suiiabh] sinalbangle buhis alseantiruenglle gradualbsehanging to & latgeiiangle, so that
the leading edge 30 tends to be in shear with the material being mixed and tends not to collect -rags.-
100321nnhe dxsimplesdlliabtiaiedtin FpE8ld-K) thenangiatiattackdsotaduallwingedasingher
continuously along its length. However, in other embodiments, it may be only a portion of the leading
edge 3G thab has thisgraddab chahgetier arigle ofatidekHa sidoh dastancasisents padeefithe leading
edge 30 may be simply arcuate (circular) around the center of rotation of the blade. Also, the circular
or spirahaidsddesciibechgkein dandeatednphsecdfadincent striigbtsegnients apRedRunating a
circular or spiral shape. 100331 The extensions 26 illustrated in FIG. 3 are in the fonn of a flat
planar pastdietddowevesidhecaxtensiansl26otambiavéuanyshppacsndcsakheritharbeingdlatednay be
curved or be formed of multiple flat pieces at angles to each other. Further, the trailing edge of the
extensiens:26care illustrated as a flat linear trailing edge 29. However, if desired for the application or
in some instances to further reduce rag collection on the trailing edge, the trailing edges 29 may be
serrated, curvg¢i)2stellatédtlan othennise shapeathodim¢d034] TlEsSsides hand 36:0fhd extensions
are illustrated as being generally straight or slightly arcuate. The outer side edge 34 is illustrated as
being awstidpe: resuifing thior itied, foanhapioie dfdnitat plateaddlanc thusstapedge.adiis Bigeametric
continuation of the leading edge 30. The inner edge of the extension 26 is illustrated as being
thatwhidhegsuits fram lgravidingac st litkeintodtve:plafe t24cds-e sadntiathda antinuatiop ofthe leading
edge 30, at the illustrated location. However,the side edges 34 and 36 can also have other shapes,
and for exarnipieskheexteisions tR6yrathe hih &bbeing! aoelatiiglycrebtarngulandl athextensiaieds
illustrated, could be triangular, trapezoidal, or have any other shape. This may be particularly
advantageeus whene tihe sxtknsions, 2bcacerarsepatatelytfarmadpiekkelihat is inclependehikysyelded
onto the central disk portion 24. 100351 An advantage of the embodiment illustrated in FIGS. 1-3
is that itgaal lbe xtrenmbly Sifplekednpdanafaciure, A fiat shekhmatefidlkcalintbe isutiamnd:thahihave each
extension bent downwardly. Of course, other manufacturing methods may be used, and as discussed
above, therelititbampetiey b0 saidemteghal othmédekotss pifithtityeafrnidivid yal-dompaérierta yhich are
attached together.

steps formed where the plates overlap.

{0028] The central disk portion 24 has a number of leading edges 30, with the number
of leading edges 30 corresponding to the number of extensions 26. FEach leading edge 30
extends from the transition location of one of the extensions 26 outward to the beginning of
the transition of the next adjacent extension 26.

[(H029] As can be seen in FIG. 2, and as illustrated in more detail in FIG. 4, each

leading edge 30 has an increasing radius from the center of the disk as it extends from the



100361 An advantage of this manufacturing method is also that a single set of flat impeller blanks can
be cut out, and then different ones can have each of their blades bent to different bend angles,
permitting easy, test, adjustment, or adaptation of the impellers. Different power factors or
performance are possible from the same blank simply by varying the angle at which the extensions are
bent. indid037bin thisdeschiptionheftheipeaféried tmhsdiment, 16e Word dlade-lentnimyaeler- are
used to refer to the entire impeller structure, which includes a central disk portion that forms leading
edges 3060 dsyedl astitiael exteioaionpRbed datiisacthe: eXtensionswthcouldtiachdde:considered as
blades, and are also referred to as flow inducer portions. The selection of the term "blade" to describe
the entirasmgellecancihBiserofsextahsionsctiordesesie thase deroponentsisiar convanighce and
not intended to limit the scope of the description in any way. Also, the -disk,- -disk portion. central disk
portion- &ne scenigalt disknregiexteaiohite. like refer to the flat structure that comprises the leading
edges, or to the structure other than the extensions. [00381 Turning now to FIG. 5, a schematic
view of a mixin§8$eieFliGgenéralystesignate dh 1001 ldat e sidtioharyf shaftaneoriduitpoidisposed
within a mixing vessel 104. The mixing system 100 further includes a rotating shaft 106 disposed
within said, Staticnbapshaihontdondititd@2esT henothting: shath 306 ekéchdsitiyedgh fte basehptate 108
and is attached to a mixer motor (not pictured) wherein said motor powers the rotating shaft. The
rotating phaift 1d6extendsdiomt tireatiasSe:plaie 108 lasdiliistbiiedpinta the mixéngVessgl hddeidterior
112 where the impeller 110 is attached thereto. 100391 As illustrated in FIG. 5, the stationary shaft
102 maydudwiubhteddo the: undsrside ohtble iMeuntiag plate:dfi8lior the dap lofidhe: veksehatlen upper
mounting position 114 via bracket or the like. The stationary shaft 102 is preferably a conduit or tube
as previpusly discussed ardd shinstriscicéhpreterabdyciromidightwediint matetialsagiod)cah belabhy thin
wall, light weight stationary conduit. Light weight materials such as aluminum, polyvinylchlo de (PVC)
or any otperadesirédhualeriakman be udedtaTho stationdiyeshaft G2 BXtents:from s wipel mounting
position 114 into the vessel 104 interior 114 where it terminates at the upper surface of the rotating
impeller oo khestatidhdegrshaftan cbadeiii0R eyt hal@dinisdppdiisid Bihrstime @ mbadiments
that will allow or flow between the isolated rotating shaft 106 and the exterior fluid within the interior of
the vessekickesThisitescerbed tegninatbnbpro ¢desiacgdj 146 G2tweéenndbea (hpeller 110 and the
stationary shaft 102. In one preferred embodiment, the system 100 may use an elastomeric material
118 such as a BEHihg wasther lordithe edesibédfseak desighithatmourntsranag filE theshape116. of the
intersection of the stationary shaft 102 and the rotating impeller 110. The elastomeric material assists
to help ibetadtiEt the fmateneati ¢t eotamiafdospi thignotdtipg shaft( 06 deaipreventtie likelihood of material
accumulation on said shaft 106.

through the material in such a fashion that “rags™ tend to be minimized and not to adhere to

the leading edge 30. The angle between the leading edge 30 and the material being mixed
{the angle of attack} is kept to be a suitably small angle but is also continuously gradually
changing to a larger angle, so that the leading edge 30 tends to be in shear with the material
being mixed and tends not to collect “rags.”

[0032] In the examples illustrated in FIGS. 1-4, the angle of attack is gradually
increasing continuously along its fength. However, in other embodiments, it may be only a
portion of the leading edge 30 that has this gradual change in angle of attack. In such
instances, some parts of the leading edge 30 may be simply arcuate (circular) around the
center of rotation of the blade. Also, the circular or spiral arcs described herein can be

composed of adjacent straight segments approximating a circular or spiral shape.



100401 An impeller hub 121 connects the rotating shaft 106 aM the impeller 110 at a location below
the impeller 110. Mounting the hub below the impeller is preferred as it provides a clean surface for the
elastomeric seal 118 to seal the impeller. Moreover, mounting the hub 121 under the impeller 110 will
also allow the flow generated by the impeller 110to effectively shield the hub 118. 100411
Alternatively, §tiadadimentapieces aocompanahinidy:bg atdizechinstaad 0f the: ahove desdribed
elastomcric seal. In such embodiments, the attachment piece or component may have a sphere or
cone gébmetry:, foreexamplencilde hitachedsanpapuntetifosthidixed qondyinkO2d Biheseor
embodiments, the sphere or cone extends downwardly and outwardly towards the impeller 110 where
it functibagdarisdlaterthéiplatérabindheatantefeormotbectotating shafhlf)Ghanehpreyedisthe tikelihood of
material accumulation on said shaft 106. 100421 Turning to FIG. 6, an alternative embodiment of
the presentminiventionas: illstrated. 44/hilddhEemboediimgntdgsipoilartowkeatdepigtedds FGtk, the
embodiment, generally designated 120, employs a centering device 130, for example, a bushing, at
the lowepgichodithe Stakomarynsondest 0OAptieartiadn pellenlidfidhercentering e \ddec] 3kis
preferably positioned such that it encircles the rotating shaft 106 and it functions to keep the 130 may
be desinedl imzsaives dpplicatensduedorsided cadintaed iingheomstiuichfettes or alternatively as an
alignment guide for the rotating shaft 106 during operation. 100431 As previously discussed in
connection wiflotR3g Stk Sidthel Hlustratedfithpelemiincluddis areamtial itk regioniP4 shightis
substantially in the shape of a flat plate. One or more (in this case three) downwardly bent extensions
26 are provigatyamduarng|d lawaydrenicthéedidk redlon2ddashawnalshiibe ibushiate de@xamigle, the
extensions 26 project away from the plane of the central disk portion 24 by a band angle X of
approxifmatelyo80odegiieesldtevill, badppre diatedath at this apgle«cdo bevatatbanyfivhe e fiom
practically zero up to 90 degrees, or anything up to 180 degrees. In the example shown. the 30 degree
angle prdwidds forlgemeralkdaxial Hlenepumpimg26f thdlbladectt bebtita: 90aegradsrandre fiadial flow
pumping will occur. 100441 In the example, three projecting extensions 26 are illustrated: however,
any numpoerdfignecor hneretpridfepidoly Wvasorsaearabxtersians:aiay bé proldadidgladneosOpeeferred
embodiments, the extensions will be two or more and will be symmetrically disposed around the
circumférerbetaf¢tddocantral dskveagiomh24iddsdgas tHsoubséd-furrtlier helewiihe dhapelenkiade 10
may optionally be a unitary design as shown in FIGS. 1-3. Such a design is convenient to form from a
single flat plete phichdsestintoctie Mesitber ahtinbcshaperdnd thenccam have the extensions26 bent
downwardly by a suitable mechanical process. 100451 However, in some cases, for example, in
the casélofttargd siradmpallersylitnraypbe diesirabievo fapridatesthgdmipeliemz 0 fropara plirality of parts
that are welded together or otherwise attached to each other. For example, the Individual extensions
26 can shoihtbeewed debleon hitan@nglento XheuceatrapdisicyoftioncA4piandibathe cehisahdiskl 24 itself
and an

welded onto the central disk portion 24.

[0035] An advantage of the embodiment illustrated in FIGS. 1-3 is that it can be
extremely simple to manufacture. A flat sheet material can be cut, and then have each
extension bent downwardly. Of course, other manufacturing methods may be used, and as
discussed above, the entire impeller 10 can be integral, or made of a plurality of individual
components which are attached together.

[0036] An advantage of this manufacturing method is also that a single set of flat
mpeller blanks can be cut out, and then different ones can have each of their blades bent to

different bend angles, permitting casy, test, adjustment, or adaptation of the impellers.



associated extension can be made of ndividual components each with an associated extension.

[0046] During operation, the stationary shaft or conduit 102 is mounted to the underside of the mixing
vessel 104 as previously discussed. The rotating shaft 106 is disposed therein and is connected to a
motor which drives said shaft 106. The impeller 110 is connected to the rotating shaft 106. The rotating

shaft 10B@Resatem aefatates withia thensialionaryosbiafl-ofcanduit Qe rallawing ghevptating, surface of
the shaft to be sheltered from the mixing fluids and preventing contact between the fluids and the

rotating sRafiglBecause:the satatinigshaft seiface does not contact the fluid, the likelihood of solids or
"rags' attaching to it during operation is significantly reduced. [00471 The many features and

advantages of thesiriventian adesappasantiram: theadetallednapegifieatiomanthiauspitigintgngded by
the appended claims to cover all such features and advantages of the invention which fall within the

true spirit@apel seope:oidhe invention. Ferthenesinge nemenaus-aadifications and.vasiatiang will readily
occur to those skilled in the art, it is not desired to limit the invention to the exact construction and

operatiosviflisirateda@nd describedgansiaasardinglyihall-suitahlamadifisations aaseguivatents may be
resorted to, falling within the scope of the invention. What is Claimed is: I. A mixing system for mixing

compongfisindeuessel kavidgraiteppedtionandra Hetiepipetien.camphisiger po@fixed panduit
connected to the top portion of the vessel that extends at least partially to the bottom portion;
selection of the term “blade” to describe the entire impeller and the use of “extensions” to
describe those components is for convenience and not intended to limit the scope of the
description in any way. Also, the “disk,” “disk portion,” “central disk portion” and “central
disk region”™ and the like refer to the flat structure that comprises the leading edges, or to the
structure other than the extensions.
[0638] Turning now to FIG. 5, a schematic view of a mixing svstem, generaily
designated 100, having a stationary shaft or conduit102 disposed within a mixing vessel 104,
The mixing system 100 further includes a rotating shaft 106 disposed within said stationary
shaft or conduit 102. The rotating shaft 106 extends through the base plate 108 and is
attached to a mixer motor (not pictured) wherein said motor powers the rotating shaft. The
rotating shaft 106 extends from the base plate 108 as illustrated, into the mixing vessel 104
interior 112 where the impeller 110 is attached thereto.
{0039] As iliustrated in FIG. 5, the stationary shaft 102 may be mounted to the
underside of the mounting plate 108 or the top of the vessel at an upper mounting position
114 via bracket or the like. The stationary shaft 102 is preferably a conduit or tube as
previously discussed and constructed preferably from lightweight materials and can be any
thin wall, light weight stationary conduit. Light weight materials such as aluminum,

polyvinylchloride (PVC) or any other desired material may be used. The stationary shaft 102

extends from its upper mounting position 114 into the vessel 104 interior 114 where it
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a rotating shaft having a first end and a second end disposed within said fixed conduit that rotates
within said fixed conduit while the mixing system is in operation; an impeller connected to said
rotating shaft at said second end, said impeller comprising: a central disk portion having a center axis:
at least a pair of extensions extending at an angle from the central disk portion; and at least
two leading angesdeiinepay anfautesmadpbennefithpcorntrabdighperiion £achlaagingedge
spanning from one extension to an adjacent extension, and each leading edge having at least a

portion athial the ¢adiius of thedeading asdge érapodhrsentaraxis inRasasieop aLantiauous
increasing radius curve. 2. The mixing system according to claim 1lherein said fixed conduit extends to

cover sdiglatdtingashalkaifeast padiatly alkéhe waydoGieatehe spagerhetwrensaif fixed tapduit and
said impeller.
described termination provides a gap 116 between the impeller 110 and the stationary shaft
102. In one preferred embodiment, the system 100 may use an clastomeric material 118 such
as a bushing, washer or other desired seal design that mounts and fills the gap 116 of the
intersection of the stationary shaft 102 and the rotating impeller 110. The elastomeric
material assists to help isolate the material in the tank from the rotating shaft 106 and prevent
the likelihood of material accumulation on said shaft 106.

[0040] An impeller hub 121connects the rotating shaft 106 and the impeller 110 at a
location below the impeller 110. Mounting the hub below the impeller is preferred as it
provides a clean surface for the elastomeric seal 118 to seal the impeller. Moreover,
mounting the hub 121under the impeller 110 will also allow the flow generated by the
impeller 110to effectively shield the hub 118.

[0041] Alternatively, an attachment piece or component may be utilized instead of the
above described elastomeric seal. In such embodiments, the attachment piece or component
may have a sphere or cone geometry, for example, and be attached or mounted to the fixed
conduit 102, In these embodiments, the sphere or cone extends downwardly and outwardly
towards the impeller 110 where it functions to isolate the material in the tank from the
rotating shaft 106, and prevents the likelihood of material accumulation on said shaft 106.

[0642] Turning to FIG. 6, an alternative embodiment of the present invention is
iltustrated. While the embodiment is similar to that depicted in FIG. 5, the embodiment,
generally designated 120, employs a centering device 130, for example, a bushing, at the
lower end of the stationary conduit 102, near the impeller 110. The centering device 130 is

preferably positioned such that it encircles the rotating shaft 106 and it functions to keep the
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3. The mixing system according to claim 1 or 2, further comprising a seal disposed within said space.
4. The mixing system according to any of claims to 3, wherein said stationary conduit is a thin wall
lightweight stationary conduit. 5. The mixing system according to any of the preceding claims, wherein
the rotating shaft is connected to a mixer motor. 6. The mixing system according to any of the
precedingochaimsshahar@nsadddixedweonduitaupiasteahasemplateortoThe mixing system-asgording
to any of the preceding claims, wherein each leading edge has at least a portion having an outward

increasingsspiralpsefilesirSd Thedhixiagpsysiemsageordingitolanyof thaiprecaring glaimswhesein the
central disk portion lies substantially in a plane, and each extension projects away from the disk at an

angle relaliventoiehphana. aQghenmixidg sysiemcaacerdingiany al:the;preseding claims, wherein the
number of extensions comprises two and the number of leading edges comprises two, and wherein
the extensions qndtiiedeqdingpesigati @ie synmimeinicalivitheachIoer. 3, the illustrated impeller
10 includes a central disk region 24 which is substantially in the shape of a flat plate. One or
more (in this case three) downwardly bent extensions 26 are provided and angle away from
the disk region 24 as shown. In the illustrated example, the extensions 26 project away from
the plane of the central disk portion 24 by a band angle X of approximately 30 degrees. It
will be appreciated that this angle can be varied anywhere from practically zero up to 90
degrees, or anything up to 180 degrees. In the example shown, the 30 degree angle provides
for generally axial flow pumping. If the blade is bent to 90 degrees, more radial flow
pumping will occur.

[0044] In the example, three projecting extensions 26 are illustrated: however, any
number of one or more, preferably two or more, extensions may be provided. In most
preferred embodiments, the extensions will be two or more and will be symmetrically
disposed around the circumference of the central disk region 24. Also, as discussed further
below, the impeller blade 10 may optionally be a unitary design as shown in FIGS. 1-3. Such
a design is convenient to form from a single flat plate which is cut to the desired outline
shape, and then can have the extensions 26 bent downwardly by a suitable mechanical
process.

{0045] However, in some cases, for example, in the case of large size impellers, it
may be desirable to tabricate the impeller 10 from a plurality of parts that are welded together
or otherwise attached to each other. For example, the individual extensions 26 can each be

welded on at an angle to the central disk portion 24, and/or the central disk 24 itself and an



10. The mixing system according to any of claims 1 to 8, wherein the number of extensions comprises
at least three and the number of leading edges comprises at least three, and wherein the extensions
and the leading edges are symmetrical with each other. 11. The mixing system according to any of
the preceding claims, further comprising a hub mounted to the central disk portion to facilitate
mountingzefciietéah pellendoio the retatingshaft.iddivAltaixicehappRIAtUsS2EOMPEHSIngG: asiuiatanounted
to a mounting plate; a fixed conduit connected to mounting plate; a rotating shaft having a first end
and a seeanat@nd that is disposed within said fixed conduit that rotates within said fixed conduit
wherein said first end is connected to said motor; and an impeller connected to said second end of
said rotating shf046) During operation, the stationary shaft or conduit 102 is mounted to the
underside of the mixing vessel 104 as previously discussed. The rotating shaft 106 is
disposed therein and is connected to a motor which drives said shaft 106. The impeller 110 is
connected to the rotating shaft 106. The rotating shaft 106 operates or rotates within the
stationary shaft or conduit 102, allowing the rotating surface of the shaft to be sheltered from
the mixing fluids and preventing contact between the fluids and the rotating shaft. . Because
the rotating shaft surface does not contact the fluid. the likelihood of solids or “rags”
attaching to it during operation is significantly reduced.

{0047} The many features and advantages of the invention are apparent from the
detailed specification, and thus, it is intended by the appended claims to cover all such
features and advantages of the invention which fall within the true spirit and scope of the
invention. Further, since numerous modifications and variations will readily occur to those
skilled in the art, it is not desired to limit the invention to the exact construction and operation

illustrated and described, and accordingly, all suitable modifications and equivalents may be

resorted to, falling within the scope of the invention.
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13. The mixing system according to claim 12, wherein said fixed conduit extends to cover said rotating
shaft at least partially all the way to create a space between said fixed conduit and said impeller. 14.
The mixing system according to claim 12 or 13, further comprising a seal disposed within said space.
15. The mixing system according to any of claims 12 to 14, wherein said stationary conduit is is a thin
wall lightweight stationary conduit. 16. The mixing apparatus according to any of claims 12 to 15,
wherein said impeller comprises: a central disk portion having a center axis; at least a pair of
extensiotMBaxtdndingedisn angle from the central disk portion; and at least two leading edges
defined by an outer periphery of the central disk portion, each leading edge spanning from one
extensidn t6 AR EEiacEFEBXIERSIBRINEn Bl dakding edere hbwimgat lepgraatportiod at beitiet the
radius of the leading edge from the center axis increases to form a continuous increasing radius curve.
portion, comprising:
a fixed conduit connected to the top portion of the vessel that extends at least partially
to the bottom portion;
a rotating shaft having a first end and a second end disposed within said fixed conduit
that rotates within said fixed conduit while the mixing system is in operation;
an impetler connected to said rotating shaft at said second end, said impeller
comprising:
a central disk portion having a center axis;
at least a pair of extensions extending at an angle from the central disk portion;
and
at least two leading edges defined by an outer periphery of the central disk
portion, each leading edge spanning from one extension to an adjacent extension, and each

leading edge having at least a portion at which the radius of the leading edge from the center

axis increases to form a continuous increasing radius curve,
2. The mixing system according to claim 1, wherein said fixed conduit extends to cover said
rotating shafl at least partially all the way to create a space between said fixed conduit and

said impeller,

3. The mixing system according to claim 1 or 2, further comprising a seal disposed within

said space.
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17. The mixing system according to claim 16, wherein each leading edge has at least a portion having
an outward increasing spiral profile. 18. The mixing system according to claim 16 or 17, wherein the
central disk portion lies substantially in a plane, and each extension projects away from the disk at an
angle relative to the plane. 19. A method for treating a material, comprising: placing the material to he
treated i a vESIBI ISR Bt Ot GHRT ShefWRHiIn xS Eandaid coRecRErR N vedsel:
rotationally driving the rotational shaft having an impeller blade attached thereto, the impeller blade
comprisify & ertFa SR PV EEARR ) S ¥enter axis; at least a pair of extensions extending from the

central disk portion; and

5. The mixing system according to any of the preceding claims, wherein the rotating shaft is

connected to a mixer motor.

6. The mixing system according to any of the preceding claims, wherein said fixed conduit

is mounted to a base plate.

7. The mixing system according to any of the preceding claims, wherein each leading edge

has at least a portion having an outward increasing spiral profile.

8. The mixing system according to any of the preceding claims, wherein the central disk
portion lies substantially in a plane, and each extension projects away from the disk at an

angle relative to the plane.

9. The mixing system according any of the preceding claims, wherein the number of
extensions comprises two and the number of leading edges comprises two, and wherein the

extensions and the leading edges are symmetrical with each other.

10. The mixing system according to any of claims 1 to 8, wherein the number of extensions
comprises at least three and the number of leading edges comprises at least three, and

wherein the extensions and the leading edges are symmetrical with each other.



at least two leading edges defined by the outer periphery of the central disk portion, each leading edge
spanning from one extension to an adjacent extension, and each leading edge having at least a
portion at which the radius of the leading edge from the center axis increases to form a continuous
increasing radius curve. 20. A mixing system for mixing a fluid or the like in a vessel, comprising:
means fdr pRECG RS PHEERAKS BEHeRtea P EsBEIC HHBEdms RSB samgastBEafidii shaft
within a fixed conduit connected to the vessel; means for rotationally driving the rotational shaft having
an impENEPHRLE hedraithei W hip st BRE & CoRiBHs g CBRFBFHRK D S0 BEDIng a
center ax s at least a pair of extensions extending from the central disk portion; and at least two
Ieadingsgﬁaes defined by the outer periphery of the central disk portion, each leading edge spanning
from one extension to an adjacent extension, and each leading edge having at least a portion at which
the radius of the leading edge from the center axis increases to form a continuous increasing radius

curve. .. ..
12. A mixing apparatus, comprising:

a motor mounted to a mounting plate;

a fixed conduit connected to mounting plate;

a rotating shaft having a first end and a second end that is disposed within said fixed
conduit that rotates within said fixed conduit wherein said first end is connected to said
motor; and

an impeller connected to said second end of said rotating shaft.

13. The mixing system according to claim 12, wherein said fixed conduit extends to cover
said rotating shaft at least partially all the way to create a space between said fixed conduit

and said impeller.

14. The mixing system according to claim 12 or 13, further comprising a seal disposed within

said space.

15. The mixing system according to any of claims 12 to 14, wherein said stationary conduit is

1s a thin wall lightweight stationary conduit.

16. The mixing apparatus according to any of claims 12 to 15, whercin said impeller
comprises:

a central disk portion having a center axis;
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at least a pair of extensions extending at an angle from the central disk portion; and

at least two leading edges defined by an outer periphery of the central disk portion,
each leading edge spanning from one extension to an adjacent extension, and each leading
edge having at least a portion at which the radius of the leading edge from the center axis

increases to form a continuous increasing radius curve.

17. The mixing system according to claim 16, wherein cach leading edge has at least a

portion having an outward increasing spiral profile.

18. The mixing system according to claim 16 or 17, wherein the central disk portion lies
substantially in a plane, and each extension projects away from the disk at an angle relative to

the plane.

19. A method for treating a material, comprising:
placing the material to be treated in a vessel; and
disposing a rotational shaft within a fixed conduit connected to the vessel;
rotationally driving the rotational shaft having an impeller blade attached thereto, the
impeller blade comprising:
a central disk portion having a center axis;
at least a pair of extensions extending from the central disk portion; and
at least two leading edges defined by the outer periphery of the central disk
portion, each leading edge spanning from one extension to an adjacent extension, and each
leading edge having at least a portion at which the radius of the leading edge from the center

axis increases to form a continuous increasing radius curve,



20. A mixing system for mixing a fluid or the like in a vessel, comprising:
means for placing the material to be treated in a vessel; and
means for disposing a rotational shaft within a fixed conduit connected to the vessel;
means for rotationally driving the rotational shaft having an impeller blade attached
thereto, the impeller blade comprising:
a central disk portion having a center axis;

at Jeast a pair of extensions extending from the central disk portion; and

at least two leading edges defined by the outer periphery of the central disk
portion, each leading edge spanning from one extension to an adjacent extension, and
each leading edge having at least a portion at which the radius of the leading edge from

the center axis increases to form a continuous increasing radius curve.
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