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The pr nt invention relates generally to m xing apparatus and nore
partlcq! Iy to an apparatus 5 for mxing liquids with liquids, |iquids
with soi'ds and liquids with gases contained in a vessel. As used in this

application, the term"fluid" includes, but is not limted to, all of the
above. " M xing of liquids or |iquid suspenslons in 10 a vessel generally
requires an inpeller on the end of a shaft being driven to create flow
fields inthe fluid in the vessel. The m xing apparatus is des'gﬁéégq
achieve a desired degree of mxing of the liquids, solids or ég ithdthe

| i qui d. Dependi ng upon the 15 depth of the tank, the viscosity of the

| i quids and the type of inpeller, one or nore inpellers my have to be
used. The use of nultiple inpellers on a single shaft is well known in the
prior art to accommopdate vessels of increased depth and high viscosity
material. In 20 order to produce a single flow field, pitch blade turbine
nmust be cl osely spaced, for exanple, within 1/2 to 3/4 the bl ade di aneter
apart. O herwi se, sub- stantially independent plural flow fields and thus

| evel s or vertical zones of mxing results as illustrated in 25 Fi gure 1.

Since the rotational speed of éﬂ@sfﬁﬂﬁ@ foiﬁ@ §@g§mﬁor all inpellers on a

single shaft, the po 3 gg EOE Sach Iﬁvel or
: rtain chem ca

the  -2- I|qU|d = F =
processes which reqU|re dThéepeasembmbnveeqnomereramms g&nehdIkye&d | evel s

ZE t\g,:zI)I :(rje'?f) :)Irlg\%? ﬁﬁa@éﬁ?ﬁs%n%ﬁnexée %aJ];?ic%lJPﬁ oW | nd| \#d%%% speed
cont r ol 5 for mix1ng liquids with liquids, liquids with solids
and liquids with gases contained in a vessel. As used
in this application, the term "fluid" includes, but is
not limited to, all of the above.
Mixing of liquids or liquid suspensions in

~10 a vessel generally requires an impeller on the end of
a shaft being driven to create flow fields in the fluid
in the vessel. The mixing apparatus is designed to
achleve a desired degree of mixing of the liquids,
‘ solids or gases in the liquid. Depending upon the
15 depth of the tank, the viscosity of the liquids and the
type of impeller, one or more impellers may have to be
used. The use of multiple impellers on a single shaft
is well known in the prior art to accommodate vessels
of increased depth and-high viscosity material. In
20 order to produce a single flow field, pitch blade
turbine must be closely spaced, for example, within
1/2 to 3/4 the blade diameter apart. Otherwise, sub-
stantially independent plural flow fields and thus levels
or vertical zones of mixing results as illustrated in
25 Figure 1. Since the rotational speed of the shaft is
the same for all impellers on a single shaft, the power
cannot be independently adjusted for each level of the



of coaxi al |rrpel l ers.  The di sadvant ages of ‘this system. is that the gear
drive and.shaft for the upper-outer m xer are ‘very .expensive. = Al so, “the.,

bore ‘t’hrough the 10 reducer and shaft -nust.be sufficiently large to al Io'

the lower shaft to pass t hrough- and al so: | eave room for shaft
deflecti®n. Certain applications reqw re different degrees of mxing at

di fferent” periiods. For exanple, in a'15 Tid suspension, the unifornmity
of suspension isldguided ﬂihn.sngeslt:s.’petmtt@pvdbihw Imm@m cersadpensi on

short of conpl et gpaflibbiNgib Sk T ﬁ& ‘g?,s -
Vari abl e speed drlhvers %aﬂr %%ﬁ %sﬁgj’&g &ﬂ'}ave not been s?a act gﬁ&gg
Since power is aMeBESt pbndiffergntlavels, ea%f diffanent ttimesy t@&lt to
'adj ust the speedpkecebsai n the desired power. Pri or art systems are

general |y degl gned for a s;rﬂga :E{rg ]gtt_t é)ﬁe %éé ere a E’ 1% %th orm

m xi ng or suSpension. In a’s m xer .may be
encased in 25  sentmigt drwelsmftal | dhbow alnd dsiaivnad: mas@e@ont@né

oo ren ?eé‘)arn%fsig“g?s%;“ grmmgfidb?‘fj; aﬁ?;j‘%fﬁm%?’i?ﬁ%ﬁé@% o
others have mai n? fizgt treiand sh e WPPeFoRtE 30
As used |x t hi- Is mpgkercareoverp éxpegd:hlrél ovhm,t ethe' borenthreughr tha%:/h
vertical plage OEb&’uEéE' BHq2BH fétrﬁﬁg'én pm?i[ ﬁ’eﬁé@“l’é}‘g €Y gnidy s of a

cluster of m xer erelsm%aﬁy IS wherethe
“mean vel ocity i stéér OLOWRF whh tPﬁ'bs%Stth}Hl% iangd %%ée@wﬁct’fpﬂ"es
about this point forTEBRafFecaesdéctibh. poi nts forned by al.l such vertical -

o bed a5 n For o1 o aboutSPhatd] op LA ERUAL hdifikd M AlGene plorees
excl udes smal | sefomdixinpgf abv\dpﬁfeeem pewiods bafFdr examplesr 4n and ot her
chalized dil$- solid suspension, the uniformity of suspension is desired
' during dispensing while a low degree of suspension short
of complete settling is desired during periods between
dispensing.' Variable speed.drivers have been used, but
_ have not been satisfactory. Since power is a function
20 of the cube of speed, it is difficult to adjust the
speed to obtain the desired power. Prior art systems
are generally deéigned for a single mode of operation}
for example, uniform mixing or suspension. In a start-
up situation where a lower mixer may be encased in
25 sediment, various solutions have been attempted. One
-~ solution is to raise the lower mixer above the sediment
before activating. This requires an extensive support
and lifting system. Alternatively, others have main-
tained mixing which is an inefficient use of energy.
30 As used in this application, a "single flow
pattern" is where for each vertical plane originating
and extending radially from the center axis of a cluster .
of mixers, there is only ohe null point. A-null point
is where the mean velocity is zero and the flow in the
35 vertical plane circulates about this point. The locus
- of null points formed by all such vertical planes is
a single closed loop. The flow pattern can thus be



ruptions in the nmixing vessel. If.there is total 5 symetry; if the .
secondary mxers rotate in a direction that i3, opp05|te the directiagn of

baf f

gn of the first mxer; if the mXxing vessel is cylindrical; and if" no
¥ are used, then the cl osed |l oop will be a circle. 10

‘According to the present invention there is provided a m xer for fluids
I icl udi ng a.vessel "for containing a qu$ a first mxing means having a-
first |npeller of a first diameter in aTirst. pl ane in said vessel and W/

~ having a subst desczibgdvast actibraidsakeut diersingleglesed dradp.ty of

second mi xi ng Bﬁeﬂéusi?Chtﬁ§¥'Eﬂcfuﬁéﬁégﬁhiiqgﬂ Sadily 13RE Putal et er

smal l er than sard

I rst dianeter | second plane 1 n sal d“vessel, and

havi ng a substéﬁ?P&ﬂlPa§€FFFcaF°§RF§s fand: fhem eprltEehfif1y from said
substantial |y Zdptivast ifathaxmixbhgseessél st thidge le’dotw’lnd a

NS ;GO C m Xi ng nmeans
uaIFgﬁﬁeggﬁhdésegggn%ggoég?gﬁ-%ﬁiééﬁ éﬁ%k% secondglnpellers
to combi ne t hefirprsdopat etnsStepmsaheetlaesql#m@ti%w%am@tiqm 25
fluid in said gesgge. f&&ﬁerﬂiﬂérﬁoiﬁ thétRExing Ppedsdf idie in- vention

pIurmity
for indivi

there is provi
I ncl uding a ve

first 30

m Xi ng neans,
t han sai d flrs

eTiiRaBLERhi. Shal AF O ErPEL e 428 e st IR Fhans havi ng a

|npelbeadoioapfwiil beaaectrcle.a first pl ane in said vessel and.
having a g@bstantlally VSEEbE&&nQXtS Eﬁerﬁiéééﬂﬂ iﬁbéﬁ%ﬁéﬂ'ﬁﬁbfg fecond

each havi ng seco second di aneter smaller

PrevéﬁﬁéeP mixen g@Eoﬁngﬁﬁ ingh%é%%m ag@esﬁ?%1¢®rvert|cally

di spl aced i n sgotitadnday andludding Sissbshivinglhganerhaebhgaxi s of
rotation spaceg;cag %b&l&re&?”biahdfiyéét STLhEtLY VR4 FAta@X)fa®d S d

- 3a-

15

20

25

30

" 35

said vessel and having a substantlally vertical axis
of rotation, a plurality of second mixing means, each
having a2 second impeller of a second diameter smaller
than said first diameter, in-a'secpnd piane in said

vessel, and having a substantially vertical axis of

rotation spaced radially from said sﬁbstantially
vertical axis of said first mixing'meané, and a
plurality of drive means connected'to'said first and
second mixing means for individually and independently
rotating said first and second impellersltcombine their
flow patterns to produce'a single flow pattern in
fluid in said vessel. N

According to a further. aspect of the in- '
vention there is provided a mixer for a liquid or a

liquid suspension medium including a vessel for con-

taining a liquid, a first mixing means having a first
impeller of a first diameter in a first plane in said
vessel and having a substantially vertical axis of
rotation, a plurality of second mixing means, each
having a second impeller of a second diameter smaller
than said first diameter, in a second plane substan-
tially vertically displaced in said vessel and having
a substantially vertical axis of rotation spaced
radially from said substantially vertical axis of said



first 'mxing neans, a plurality of drive neans connected to each of said

i mpel | ers. for individually :and i'ndependently rotating said first .and s d
inpellers at speeds to conbine their flow patterns to 5 produce a si Ng¥
flow pattern in liquid in said vessel, and control nmeans connected to sai
drive neans for individually activating agg-deactivating said drive neans
for varying the degree of, mi xing while i nt ai, ni ng saig single flow
pattéen. 10 ~  first mixing geans, ppRiprality;of driygueans 4. tuo

|l evel s of ! . micanmpctedate eacht bfi sadd tmperlieasefidrt imdivpiindlihe
vessel and one adiageni e AP ebebenkcsach pRfstndhyl ualhy driven at
appro- priate speeds to produce a“single iFow patternin the liquidin
the vessel. The jaReligrst afasperdsckoi sonbingntheinr flpe pPRtTeXRE deqyrce
of mxing at that drelceMd IsindRientrdiod pattBensiAol eqhi@vinagapan. The

bottom m xi ng apparatus is_preferably a_single |la Laneter inpeller
oher aas the Lop meaRRF Lo s ESERY mRsbe dofnedl s Lo ERIS alE) .|

di ameter inpel | er meanehdopl indliviguefl lyppetivatingnandrdeaceiyatingoned
equal | y di stant - f ramd e 19 HbhsC #oradasl ihethe\bgraRebE hi #ingr ti cal
axis of rotation. Eaﬁh of ,the.i nEeI.IeraI have_a %&fb stagtl al axial or
conver gi ng f1 ow f "B emeintaining; saig; ﬁg&gpﬁr. O¥oPALEEERt s of even
greater depthloand for other Isyst éldsor pmanasres ratui ri njeaste | evel s of
m xi ng, an additional plurality of inpellers nmay be provided between the
top plurality and the bottomsingle inpeller driven so as to produce a
single flow field 20 “with appropriate punping at each |evel of m xing.
As™an alternative, the plurality of inpellers may be sub- stantially spaced
fromthe single inpeller and operated to produce punped flow in the
opposite direction of the single inpeller; producing the single flow
pattern. '




25 Vertical baffles can be elimnated by chosing the |npellers

t hat tate |n opposite directions while devetoping a single flow pattern
in t jessel . A controller activates and deactivates the individual ‘

~inpe\lé&rs to achieve the desired degrees 30 of mxing at different tines
or 'stages of a process. For inpeller failures, the controller may
deactivate other inpellers to naintain tdge single flow pattern. The side.

:and bot t om of \t_ -tan#e‘pggé at C}{ue IQ&@{I of atr%em'g agléﬁgtapgarangl e gres&¥er

than 90 to inprove f i ci ency.. “The US$ ty of
vertical rotatonmaadiatentithe stap ¢f (her Mesiselclandr onenadjekedti theshaft

is vel | known paridis OF i e af{)ésselﬂlﬁﬁe 13AvNBN13Y Yridea agaYpPrg0 as Lo

provi de high shear force to ria are high

ver ous. ma
shear systens BF13te RRPRIRINIR B évﬁi&gﬂﬁoﬁlﬁgtPéFﬁ§rﬁandE§?gned
for effici®nt plogguidoin ﬂién\}@géqa,. tlmeuwn@fixg b#r ¢achl vevanvigg m xer to

produce the gr ter Lgh eed m xer
to produce hlg %éﬁaﬂég%es 4%&% ﬁ%g gg 8@#@ thng g 1 P known
in the prior amilermeimfmi;w a:heorsﬁmleorf@puepedttmn. aThengbbtblevel of

m xing. Genergdkingdi Hderdrabivela %‘ih%rl% RaegeCasafdBepgamat i on

or breaking a t the e t.he fl ow control” m xer, "tQ I_ntroduce
granul ar nateriﬁﬁrii% %ékﬂéhq SR ngA@EPﬁraFHPsiP§2§@ﬁ§rﬁlIy f or
fluids oflaugﬂplunaitmy3of'ﬁmalmhr diametezr impeddersc| uthe plpralatyty of
hori zontal Iy X | n e X- ing
zones, At houéﬂfﬁﬁﬁlﬁé@nﬁﬁ?@?é&? R R e
cont ai ner ar e FFRFhtH rsYﬂm%FRiﬂﬁixﬁh?uﬁ:K@ecdﬂUBﬁtiGPeééﬁﬁdspVarticﬁixers_;
at different |gyed Soﬁ&otamidxp atnaahs otfomeotiu@ane&bnalaeef kowuBattern is

not §homn by tseéﬁgié{ {al or(gbnvérdinq f %%a@& 935e giROV%L features

15 impeller. For vessels of even greater depth and for
other systems or processes requiring more levels of
mixing, an additional plurality of impellers may be
provided between the top plurality and the bottom single
impeller driven so as to produce a single flow field

20 with appropriate pumping at each level of mixing. As
an alternative, the plurality of impellers may be sub-
stantially spaced from the single impeller and operated-
to produce pumped flow in the opposite direction. of the
single impeller; producing the single flow pattern. _

25 Vertical baffles can be eliminated by chosing ()
the impellers that rotate in opposite'directions while
developing a single flow pattern in the vessel.

A controller activates and deactivates the

individual impellers to achieve the desired degrees

30 of mixing at different times or stages of a process.
For impeller failures, the controller may deactivate
other impellers to maintain the single flow pattern.
The side and bottom of the tank meet at the interior of
the tank at an angle greater than 90° to 1mprove £flow

35 efficiency. _

The use of a plurality of vertical rotational

axis mixers with plural impellers on each drive shaft

T



of the present invention will becone .apparent fromthe follow ng. detailed
descrlptlon of the invention when 25 - considered in:conjunction w th tie
acconpanyi ng draw ngs. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1:is al\i%
cutaway view of a pitch blade turbine systen1of the prior art. Figure 2°Ts
a side cutaway view of two levels 30 rQX|ng I ncorporating the
,prlnc1ples of the present invention taken along line Il-Il of Figure 3.
Figur®3 is a t opsvWelloknewguie the ppyiew arts Lheske ane geeeraldyw of

three level s of HAnteRlebbear8OTasi 68 prévidd i %éafr tﬂ&c%Sto Breagnt
Invention taken along i ne V-1V of Figur 5 gu %§ ¥|ew of

Figure 4. Figure'8® ¥sVisEPysE Bat Ste

i ncorporating thwiphldndpbendeﬁtthntgrw&avﬁngrﬁ&nu|pattdangum@t7designbﬂock
di_agram of ascontpQl e%¥§&§8h£”§&ﬁ§fﬁ§“ "G h {0 Py NGHY i ellost elQE’r ent 5
i-nvention. The mi Xxi ng apparatu e present invention as il Ust ted I n-
Figure 2 i s mounfégv H°Hlf‘an¥1’iﬁr he@i PEPUGe JHhe grasse oy Wit matkeriadi d

| evel 14. The mi sndgaappalaéysdiagétaes lea.qli lﬁ;ﬁéédf yixer I&bmbdumhmredhéﬁz }1 0
sGpport structur a 1 |11 ust e 2. The
m Xxing systemi n?ﬁrégg gﬂ? ggf?%ﬁo%iﬂé ééiar rgipe’n%la 14etﬂ)%'céo)riér:{‘('ascg’t gé‘g%% drive
shafts 22 and 24ipothe PRer|artpe %@amfxmanmrbm%fcmdﬂggel 10. A

prurality oﬁosecangihgzel 1&»é1nafafami us de“néﬁl l'ﬁsfrlélé&- a%ﬁ.annow ded
each including a gn rive %% ect {L&&r el l er
32. Al though pl uP&p® 8F95em Ghe BFONRte? gPﬁ Por

Wt h approprlateageahengdgedoflthehﬁbow%nmﬂtrﬂl(mmxenﬁtu(ﬂnﬁrodunErol of the
| ”pw ers my begzQnusaf RhtOPYSD Do Phfd Sv&hiThaAdRe.! ehyadan,are
' this is generally for fluids of high viscosity. The
15 prior art also includes a plurality of horizontally
- spaced mixers each having separate and independent mix-
ing zones. Although multiple mixers at various depthé
and locations in a container are known for many purposes,
the concept of using plural mixers at different levels
20 or locations to produce a single flow pattern is not
shown by the prior art.

Other objects, advantages and novel features
of the present invention will become apparent from the
following detailed description. of the invention when

S 25 considered in conjunction with the accompanying drawings.
L BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a side cutaway view of a pitch

blade turbine system of the prior art.
Figure 2 is a side cutaway view of two levels
30 of mixing incorporating the principles of the present
invention taken along line II-II of Figure 3. .
Figure 3 is a top view of Figure 2.
Figure 4 is a side cutaway view of three
levels of mixing incorporating the principles of the
35 present invention taken along line IV-IV of Figure 5.
Figure 5 is a top view of Figure 4.
Figure 6 is a side cutaway view of one level



vertically displaced fromthe inpeller 26-and rotate in a singl e plane "The
pl ural of |npellers 32 forma cluster about the inpeller 26 and are o
EequaMQEélstant fromthe inpeller 26 as well:as fromeach other. In this’ 25
manner e mxers of a cluster are equidistantly dlsposed about the axis of
a mixer in the center of the cluster, i_g. about the axis of rotation of
the inpeller 26 in Figures 2 and 3 or abdut the axis of rotation of the.
inpeller 126 iof migdngs incanposatsng the principlés|ef the iprement ded ate/
the bottom of jtRRndd,10 such that the bottomand side walls at the
interior of the tank net .at an an reater than [ERR]. This renoves the
dead space at the inter E&GUEENT gdﬁc iock| diagram of @ tﬁj?f}‘ii-’q}p in the

i ntersection aadtunpﬁ@bb&p&iathngfthu/ﬁﬁiﬁciﬁnéé ofeche ipfeit on - whi ch

al | ows ener n. -6a- The dianeter D of inpeller 26, the
di anet er gRﬁhE%&&#ﬁ lers 32, the speed [ERR] and [ERR] of the inpellers

26 and 32 respect i vel y Thenmixisgaapparstys of the pressntrimentien t he

© . bottom of the a\beiiqlusttrBQeé' ihaPﬁ.QuEERB] 18T mbaReéd in 32 éémﬂme wat er
| evel 14, the _di tance

vertical of t eller
26 and 32, th&&Y éaa‘ridh&?u fBﬁ{-’ﬁﬁnsﬁb&ﬁa%%ﬁ%“f% 1%‘1’"—% ngvaq”‘ér 26
and 32, t he nm:lbdmg)fappmrelthsr ineludasthepl:hnalzbty atanibeérme(bum:leal ive to

the vessel 16i q_._tgats -Br%n%ttrﬂ‘étﬁfg‘sa' glat éﬂoi?t r : ves%%cqhaw 14 such .

as to produce ng a

ratio of HBX|ﬁa% Fﬂé@&ﬁ 2. toTFﬁemﬁ¥§ﬁit%Ystﬁmt$ﬁplﬂﬂﬁﬁﬂa[5#4??rmerange
of 0.4 to 2, wetdrver @vaheNimbbig 20SESHNOELER ObY odr Pv@éhatts 22

and 24 to an impeller 26 adjacent the bottom of the ‘J'

vessel 10. A plurality of second level mixing apparatus
15 for example four-are provided each including a motor

or drive means 28 connected by shaft 30 to impeller

32. Although plural drive means or motors are illustrated,

a single motor with appropriate'geariﬁg and clutches

"which allow individual control of the impellers may be
20 used although nof'preferred. The impellers 32 are

vertically displaced from the impeller 26 and rotate

in a single plane. The plurality of impellers 32 form

a cluster about the impeller 26 and are equally distant
from the impeller 26 as well as from each other. 1In this

25 manner the mixers of a cluster are equidistantly disposed o
about the axis of a mixer in the Centér of the cluster, ~
i.e. about the axis of rotation of the impeller 26 in
Figures 2 and 3 or about the axis of rotation of the
impeller 126 in Figures 4 and 5.

30 A fillet 34 is provided at the bottom of the
tank 10 such that the bottom and side walls at the
interior of the tank met at an angle gr=zater than 90°. .

This removes the dead space at the intersection, reduces
sclid material build up in the intersection and improves

35 the £low pattern at the intersection which allows energy
reduction.



10 3 will produce a single flow pattern. The di'ameter D of the | ower
_|rrpeller 26 ‘shoul d be in the range of 0.1T to 0.5T. The distance of
separation [ERR] of the |lower inpeller 26 fromthe bottom of the vessefi
-shoul d_ be in the range of [ERR}] to [ERR]. The upper inpeller 15 cl ust
32 should be displaced fromthe fluid |evel al4 by a distance [ERR] which TS
_-equalgvto or greater than 0.5 D2. The di st ance of separation S between the
~I'oweikoi npel I er 26 -and the S er, S | t he
F; ange of 0.5 [ERR] to, 2. @thR% &tﬁ ,}Jgj) toafncrig?é% e} %% tHZ)‘g qitgﬁgtggnt er
line of inpeller Dacofinimpeplers 32 g the, sineed & o 2 b‘ae°§s sdmBeleF e hout
~rechani cal i nter per anaedz2}stegpédeiveline tie tdi@t\aardea eof ¢he dmpelléed,

the speed and ac di a of | eps required
“t.o produce desi r%g tﬁ ﬁ%ée%c’?ﬁ%'x\g# &gppe%%ﬁd %Fiﬁgﬁ\ﬁg EC‘Bn g
-determined, t® e&mpellerd3&sfaomummwﬁteﬁ Yewelf |L4i.d'thec @dstangei ofi cs. The -
~flow vectors of the single flow pattern in water are illustrated in Figure
"2 and were neasured by a | aser doppler velocineter for the follow ng 30
-structures: T = 48 inches [ERR] = 10 inches Z = 38.4 inches [ERR] =
-7 inches [ERR] = 19.2 inches [ERR] = 300 rpm[ERR] = 13.2 inches [ ERR]
-~ = 392 rpm 35 [ ERR] =6 inches The operation of the present
“Favent i on requires that the inpellers 26 and 32 generate a predom nantly
caxial flowwith little or minimal radial flow This type of inpeller has a
"gonverging flowfield exiting the inpeller. As illustrated in Figure 2, the
primary 5 flow [ERR] which is the flow passing through the inpeller zone
_'and\} he Iiquid actually punped by the inpeller is converging. The total
flow [ ERR] which includes induced flow thr ough the tank and is neasured
-from the center



% mxture or suspenst on IS not critica

- S to drive a |imuedefines r&flaﬁﬁxem*-see#%e yeesel é@amewe%

i woul d settle

“line to’ the null point produced by the inpeller 26 10 I ncl udes converglng

T and ¢ rglng regions. Such an inpeller, the-A310, is comercially

. avai~ght.e from M xi ng Equi-pment Co., In¢., Rochester, New York. By

: |ndLV|duaIIy driving the different n1X|ng units, the efficiency of the
. mxing, nanely - the ratio. 15 of axial flowin gal'lons per mnute Qto
.. the energy in horse pomer P - may be nax?nized Al so, by using different.

- levels of mxin nde |nd|V|duaI ont |nta|ned
. within the ved&Ht SRRFRTASH Cegg Lﬁ?y Jchiu%’é %ﬁ %&trﬁ% g or a 20
- honpgeneous rndﬂsraapebnf hpkizbatpltbepanatﬂsnwr Raref cthentionpedtliesr
suspended in (35 drig . hQUBmAE! BF LAPELIEHD 53 ARG dETudit oT I LY Of

nount o enerq{els used
conserved

- whil e avoisdi ngedlght rzabtenghet makimup plLabdelevel | 14 neuch rasiltasion is

% mai ntained i néj ot%#egb 1&181@ §33&eéaﬁgggnp%t£ﬁglﬂﬁl%@tter in the liquid

andwoul to bé cle or the m xer system

}é woul d have to be overdegbgnédvﬁﬁ§ﬁ13baVln§eacé@bb¢I¢fym4#imﬁmuﬂﬁpﬁdma ]
~; sediment on ”l%\ﬂé‘lt Z0BcAkhat aﬁhméﬁei'oofrﬁﬁéevéﬁ'éfei elﬂuiﬂ e@hé'*.%l’ﬁj@'df‘ of the

ticulate mgft d-} J d- | xt !
- Phe 1Tquid st iind oo ips Edperevet mirtty carsfencolimtafing Hand "o

" interfacd®f theridilr prioduee hagénglpr flowepattétnw HEhe i diametpr 0 19

. omixing or ci r &

substantial m rthgo%g,egog_ﬁlpgﬂg_bgn @”Qh&‘ig& ggshgntﬁ;@pfgﬂ# tyeto overcorre

bt Thus, the 1&{)resent systemi.s eS| to maintan sutficient flow,
it O& Tpr e FBRL dF-EFﬁﬂFPoﬁf ofFePRERELOM Gy fAfcddh® For rat |

7 of fluid | evelldweizglinped leank65£roi @HEt BoSLOh GF CEiErvedWsl tatuall ti pl >

= levels of m x;

be in the range of 0. 33Dl to 2. ODl The upper impeller

15 cluster 32 should be displaced from the f£luid level 14
by a distance Cj which is equal to or greater than 0.5 D,.
The distance of separation S between the lower dimpeller
26 and the cluster of upper impellers 32 should be in
the range of 0.5 Di to 2.0 Dl' The distances R between

20 the center line of impeller 26 and impellers 32 should
be as close as possible without mechanical interference.
Using the range of the variables just described, the
speed and actual diameter as well as the number of
impellers required to produce desired pumping in the

25 upper and lower levels can be determined, to each £luid -
as a function of the fluid's characteristics.

The flow vectors of the single flow pattern

in water are illustrated in Figure 2 and were measured
by a laser doppler velocimeter for the following

30 structures: | l

T = 48 inches D, = 10 inches
Z = 38.4 inches D2 = 7 inches
Cv = 19.2 inches Nl = 300 rpm
CS = 13.2 inches N2 = 392 rpm
35 CL = 6 inches

The operation of the present invention requires



m-xi ng. The conmon el enents between Figures 2 and 3 and Figures 4

have $imlar nunbers with the addition of the nunber 100 10 ther As

il.lustrated in Figure 4, the lower inpeller 126 is connected to a notor 120
by shafts™122, 123 and 124. The upper cluster of mixers includes for each

m-xer:"an i'npel lrer 132 driven by notor 128 2870 connect ed by shaft 130. An

i nt er Médi at e | evehatl theeimpélbexer26 land 32ojenratera gaedominentdyt or or

dr.i ve neans 140 o by i sha 42 and. Ee ' | Ler: Two of
't he four equall y%ggggegiggfw'gg %‘ét%‘? eoﬁmé‘%"f%]t %ﬁ#%&&"g 4,&4‘?ﬁese
baffles were del &¥eg PEodmpeiler hasn convpraing filow dield eritiag
iElustration 20 thef ihpe116ow RatiEIdStratdiesen hefduas 2y Hihd Beigayyf | ow
in a horlzon%al %iane The, b f;le ngg be elimnated frqom.the enb& | ment s
i.n Figures 2%and °HyQpRoﬁ§?° e %c??%n %ﬁthﬁﬁﬁﬁggﬁéir é&ﬁhﬂﬁ?? -FTt he
tpel | ers 32 haveonkecandptbet diguid #ctwakly seunimed dojarghec)inpedihe25is

Lopel ler 26 (couRbRyelgaiy. Seinanfoghf 08RG Jilt I A RARRRIS doltiicfl | O SO
dg to punp in the same_vertjcal direction, nd baffles are needed. = Thus,
the cluster conc&pPWathspua| thentankard is mpasired fromdhe cendegy dent

that as the deptiline tbethankuB? pointiprsd@eced! by ethedmpalieir 126vel s of

chuster a 33Cn HboRaRg BBavering sl (VeI ntiadEr) ¥y BT the
‘upper |evel and dweelderhethatdshedi 18 cotmmerciakly msadlakdenfgioms. Al so,
" o sl S
Ififlqsi t uati ons whePe t he fIgyg}'ngl‘-’gé‘i‘af&e‘?ri/‘é‘r‘i‘isa’%i ferentk 'ng -
I-evel s of m xer suai&s,egher efiffciencyluce theimipting ] mamediyt er rehieoraiilbo .
f%“id 15 of axial flow in gallons per minute Q to the energy in
horse power P - may be maximized. .Also, by using
different levels of mixing under individual controls,
a fluid flow may be maintained within the vessel which
will not necessarily produce uniform mixing or a
20 homogeneous mixture, but will keep the solids or
particulate matter suspended in the liquid. Thus,
during long term storage when uniformity of mixture or
suspension is not critical, a smaller amount of energy
is used to drive a limited number of the mixers. There-
25 by energy is'conserVed-while avoiding eliminating start-
_ up problems. If no circulation is maintained in liquid-
'2-. - s0lid mixtures, the particulate matter in the liquid
would settle on the bottom and ‘'would have to be cleaned
or the mixer system would have to be overdesigned with
f¥ 30 the capability of meving the sediment on the bottom at
';f start-up to create the required suspehsion of the
-ﬁ? particulate matter in the liquids.
- ~ In liquid-liquid or liquid-gas mixtures, the
liquid stratifies into layers of different consistencies.
35 The interface of the stratified layers provides a flow
barrier requiring substantial mixer power consumption
and over design capability to overcome. Thus, the

i'ng may be'required. -Figures 4 and 5 illustrate at |east three Ievel§ of



: Ievelsh~ nother alternative as illustrated in Figure 5 .6 includes the’

. cl usts m xers at the sanme |evel as the center mxer. The conmon .

E eleﬁe etween Figure 2 -and Figure 6 has simlar nunbers with: -the

" addition of the number 200 thereto. The center i mpel ler 226 is connect ed

- to notqr 220 by shaft 222. The cluster of 10 m xers includes for each

m xer an inpeller 232 driven by a m)tor-QQS and connected by shaft 230. .The

el | s 232,0848nk ey 80R 1B SAIPEL SlaBhs W RS AR S GUDS] o

~ down and the ors 2 0Sité fection

~ that notor 22@iainqe9rm§§¢mlaati1@ to Irevenjufiprma tlen 9§p(§§ﬁﬁe di rection.

;, Thi s producesigtggggeégatlon of angul ar nonentum and, thus, the baffl es 136

s are elimnated. This sy t he. p stem Vi ges single flow
. pattern. Al though thi s n\l"??fﬁﬁ e%f'ﬁgé):lrs? :ﬁ/]t MQV% %P ks not a

» preferred520 diambbdraeof greater hchan usiey mfltiiple level23dfmmik-be

s operated at hig du n Thus, this

syst em enbodi %eﬁ%ipﬁggéeg%éféﬁ ef éc‘lﬁgenétjeéﬂqoug ‘f(u%él: %%r §t232 are
shown in the 18Agt pFBﬁ%eaéeYﬂ%ﬁﬂ¢ﬁwm§§§EgtP] QnﬁPm99q|¢L§m@6ﬁﬁDn 25  plane,
vertically dl bBptweend Figurése2 pémes Qstnd' gicjur¥s @nd 15 MHave cheni cal '

processes, S I InianQ; 2.
| ong-term st orggsg%ﬂg a@@?fgﬂ‘gla ter %#lot%'g%exﬁ%% -doughbe% I]‘Srlql formmx; . .
5. punpi A8 outheretoga @aeilbgstmw in (Rigvwrecrfor dhecflioweredmpelienust be

ene(r]I ay efIlh Ci 2n6 25 %ﬁé&é&'%h&%&%&i@?ﬁl %h{%tf&n 1z§bte%rzlseaaat sysgem

produces i's,energy, efficien sel ectjvely activ e appropriate

- level of nixi ﬁggdur 'f)‘i ¥?€1t%te etﬁfy Sp&R&E on.  For \J
~exanpl e, durimgxer| hn ﬁﬁpelleg 13medrrivm kgt md'lmraﬂmﬂoyamdabenhemtledar’e

act yaLed L BEOkERee 180l Mo SESelemieaidid HbveiDUIudEe: 70 kst o7 A0

wherein the degree of consi stenc
15 includes for each mlxer motor or drive means 140

connected by shafts 142 and 144 to an impeller 146.
| " Two of the four equally spaced baffles 136

are illustrated in'Figure 4, these -baffles were deleted
from Figure 2 so as not to interfere with the illustration

20 of the. flow patterns. These baffles minimize any flow
in a horizontal plane. The baffles may be eliminated '
from the embodiments in Figures 2 and 4 by proper
selection of the mixers. For example, if the impellers
32 have the opposite hand (clockwise for example) from

25 impeller 26 {counterclockwise) and are rotated in the
opposite direction so as to pump in the same vertical
direction, no baffles are needed. Thus, the cluster -
concept allows elimination of -a further expense.

| It is evident that as the depth of the tank

30 is increased, the number of levels of mixer required may *
increase. Similarly, the number of impellers in each
cluster at each level may be varied aad that the - - .
illustration of two in the upper level and two in the
intermediate levels_are merely examples. Also, more

35 levels of mixing are required for more viscous materials
or requirements of specific chemical processes indepen-
dent of vessel depth. In situations where the fluid



-11- may vary, the mninum nunber of inpellers are activated to mai ntaln 2

fl.ow pattern at a | ow energy | evel which allows éasier start-up and, tHk ‘
saves/?)\/erall power. For.start- ups after prol onged shut.- down, the uppe
| evel of mixers may be activated to create a flow pattern which will 3
agitate rhe settled particul ates which may surround or inpact the |ower

i mpel Jsers:” Once the other levels of inpelle are free to rotate, they may

be acMvated. Thi ave?vvafféstgﬁ@«?%éé}{t BX R ievkls o&‘eﬁhﬁakﬁahre

mechani sms to |i ac | ers.” For unlformm

impellers are opEFSPSHeQ P ¥ ed @;feeﬁ}‘i‘b Pﬁr"t‘i&t‘fé‘e Pﬁeaﬁnﬁﬂg &I ow
field. During pulkpvels, the uni formflel d i s bei.ng maintained and the

appropriate |level of m xerﬁngﬁ; ’?I xe ﬂﬁ\%ﬁ/&%&%lh{% c&ﬁ%&e&no%ighgel i qui d

| owers. Thus, even with si Spee ors ster ncept in
conbi nation @t hSnﬂnf:iLudesetbe ot lushry | of quigensids they same; ilpvedy 3gem

whi c? i s capabl et%aé ééﬁﬁmﬁiéﬁg VB C&&:mc&}eramez&rso%l%mnwabare 2
Mei nt ai ni ng opera e 0 erm storage, - -
Whi ch can ge Prucﬁ fibﬂibg?‘r?héng"t‘%e %‘%H%’Ei pgpbeTs I‘T% 2%{? &gg\fm f;' t %e

present system cébednbmbepekf etlheretdne rehrey ecexft et %mple lilie dé§| gﬁed
horsepower 10 MaBh3kRebHCeS! AGLE: 90 Y SO PAIL o1 e Witidkepfor m mi X

and dravv-off t he Syst emvvo er at ed upto né%SI%é'
‘hor sepower . ereﬁé?‘ﬁﬁsohnf:%dﬁ%l %F’%' |$r%°1%'éi‘js’E%r Fhinpel ke tV8hs, the
overal | average bgwarmdtaw 208l @In@ecéméctéwrbﬁ%aﬁt cnasa.gnmepdwpenéhss

15 a substanti aI n h nent .
inao ot tor o 232, RKRORRETEAAY AN 8 ST oe, HRare RoRERRTT NG
system coul d be ypeiéeedoun and tlpeemtw td#@-‘{ebdf@-et lexgg@32

Because there i Siﬂotl‘l’é%bﬂogﬁtét&ife@tﬂ&?rtﬁﬁ WAty Y @ti&@é fiin@\dlibrt he

fouer Lpel L, SHE, RhobiBhat chae wopsnits Bt il Felaide L,

mai ntain suffici enbanuemaasi.on of gt 1 aw | redreemtaing and.o Hhusverthel npacti ng

Of the |over, baffles 136 are eliminated. This system, .as the previous
system, provides a single flow pattern. Although this
is illustrated as an alternative, it is not a preferred

20 embodiment since the cluster of impellers 232 must be
operated at higher speeds to produce the desired flow
patterns. Thus, this system embodiment is less energy
efficient. Although impellers 232 are shown in the
same plane as impeller 226, they may be in a common

25 plane vertically displaced from the plane of impeller 226.

In most chemical processes, there are five

modes of operation, namely - 1. f£illing; 2. long-term

storage; 3. start-up after prolonged shut-down;
4. uniform mix; 5. pumping out. For a mixer system
30 to be energy efficient, it must be energy efficient at
all anticipated modes of operation. The present system
'f’ . produces this energy efficiency by selectively activating
the appropriate level of mixing during the appropriate
period or mode of operation. For example, during f£ill-
35 ing, the mixer at the appropriate level are activated
in sequence as the vessel is filled. During long term
storage, wherein the degree of consistency in the liquid



-12- inpeller. The prior art system using an inefficient pitched bl ade

t urbj and a two speed nmotor, woul d oscillate between approxi mately 55% at
aAo eed to 130% at the de5|gn speed of the present system Also, 5 -~
stnce 1t is operated at the high speed or 130% of the present system the
amount.. of energy consunmed during uniformmx and punp-out is substantially
| ar ger.. Thus, it can be seen that the quwsent systemis capable of reducing

the energy re enent by at.|east 50% It Ldsbe notgd
hat the cenPel VABEr SpémiimiShunlser Of impeiiers are astivarie s
i mpel ler if @tesmaéutaianaddflwmwt@m at Lastlewve¢nemw Ileve lwwhicht

departing fraamb\e eRbiét %af@%&rﬁ%nttﬁﬁy,e@d% ArezANlr Powd¥st em for
t he present |nvent|on 15 s illustrated i.n Figure 7_as having four

i mpel | ers 32FQF EEBYLpPRF pEGer BrRiondsdhitesdiavdl: theeYRREDE at the

| ower | egel wBetblnofamkxéfs mdy belsttivpeedtanteantd e flopepaktera al so
shown. The c I t e | | nputs from
20 a) anci Pﬂ%&& "eﬁ%iipﬁg'{#g du‘l% %gtgge%séﬁy&%ﬁaapsetsr glg%%glr ngg stream
from t he ni xBHEreuAR op) impact otkecleirr sivpellsrahe One@ Hh@uathestiors vi a

i nput 44, c) 1&9&19I éﬁtimﬁéiléﬁs\ﬂéréoﬂ.sé@%b Do tdt Mden ysm?ablenput 46, d)
t he gear dr|ve the drive

shafts from Pﬁ ‘f )T*".h% bY?%W%eﬂ'é%rﬁ/%eZ; %?II] e engé.v g) outlet flow .
sensor 348 anmeqhaaﬂ.cas mechajpisneved kit ddwe dmpantiesh iopedders56. The

output of thegg ﬁh??bfﬁeﬁ§ﬁin§5 o | tne ﬁﬁbéﬂé&:@ta{z@ otd&i-a%hora% 20 and 28

as well as tgg I nl et and qutlet_valves 30 not shown. The ancillary

equi prent angteiy: designed,srPaed k9 PIRIURR, n§ns¥9ﬂ%ﬁﬂﬁ§° s &ASdAs -QJ’
noni toring t baryagvpuppsbtit pnthe wbforth eficd arel bairigemaifitainedl | as
their punps Lok VA&l QB5-8BEIALL ODSvel iF Atk M AR ARed as

15 the level of the liquid lowers. Thus, even with simple
fixed speed motors, the cluster concept in combination
with multi-levels of impellers produces a versatile

- system which is capable:of accommodating various chemical
processes while maintaining operating efficiency.

20 ' During long-term storage, which can be much .
longer than the period for filling and.drawing off, the
present system could be operated in the range of 40% of
its designed horsepower to maintain the'single unitary
flow pattern. Duripg'uniform mix and draw-off, the

- 25 system wbuld be operated up to the designed horsepower.
Depending on the hold time versus draw off time durations,
the overall average power draw could be less than 50% :
of designed power. This is a substantial operation
enefgy savings during the life of the equipment. 1In

30 prior art systems having multiple impellers on a single :
shaft, the system could be operated at low speeds during _
the long~-term storage. Because there is no way to T
maintain higher relative enérgy and flow at the lower
impeller, the system would have to be periodically cycled

35 to high power level during long term storage. By this |
way it is possible to maintain sufficient suspension
of particulate matter to prevent impacting of the lower



35 advanced warning-that .the systemw Il be filled or is about to be

enpt 1{q These indicators would then be consistent iwith the liquid Iev
sensof s’ as the tank - . -13- s filled or- enptied. . Also, a failure ‘of a

punp or valve to operate could be nonitored and the di screpancy noted. As”
descrlbeﬂ -above, the control systemduring,3 the filling would maintain the

I rpel ‘motors off until the fluid |evel & nsor determnes that there is
sufflc ent f 1 ui dimpelbber vatThe e lawart muehbmr 2eingt aputheffieiente

ipel ler is turnggeofedipl qgﬁggéctjgﬁps o, aggeeasmgggrlewgﬁlancreases

the speed is 10 |ncrease can be conf ! rned t he
speed sensors 449§ﬁ4¥¥ﬁ¢ﬁﬁﬁﬁﬁwegﬁsﬁﬁﬂ?qﬁémﬂ eﬂﬁr?ﬁéraFnEr%ﬁ§e§Pe%@hE? m xers
are turned on i nlPevpet o GEnigmiEbendl ofo thec pappeapr sgstenpeectllsdje
sensors readgng raue a 50..a 0 15

wi th antici p%.t edginéé)u%g :I'sAélaf’eg"%scregag-‘ng::i]l(%s‘f1 %EQQd 85 E‘gotgthg%lggat or.
Gear drive oper aPFesent syskemorthe ianesund anﬁﬁﬁﬁéwe§°B9um8daﬁﬁrbh§nges in

0|032I at nﬁ formns @ﬁﬁaﬂnrmﬁs;arﬁﬂt Sty gt |s§&g%&h'&§.éﬂ.ﬂ!§“£&r§éfedm edt A
.sudden change or_jeasuyenent .out si S ed gear 0 ing’
ranges could sh ?h?ﬁWw# ke %ﬂﬁ?tﬁ%ﬁ%‘%ﬁ CaPEPRE &qﬁV?Fﬁﬂ # %$§?€

operat or responsef ﬁhﬂumingf%henenéngylﬂegnmmsmbntbebyseu leasbn$0%s the

solids addeglg Sinilar senspysg Hd Gdtidld %h wo%hg gggtggriﬁ 15&1 ds
punped out. The 25 dlffzggnce Is the tota o ds in n1x?ﬁ el 10

e
at any tine. Con®RE¥ait3Hnslden L35 may \H‘Pllé‘éé‘— Poé&f’?ﬁﬂslmp?%gﬂrt :
vessel woul d i ndiesifed i ddwi o d-.d:ameerailmuzeeadt hfnpe@hevs whehoéavk. The

SPORee Lo it adpaFelad' SRIEUIY b 3 e BidedubeEhuifipiahnt! oot
'nDdes and formthe basis fAdrcontrol system for the present invention
15 is illustrated in Figure 7 as having four impellers
32 at the upper level and a single center impeller 26 at
the lower level within tank 10. An inlet pipe 36 and
outlet pipe 38 are also shown. The control system in~-
cludes a microprocessor 40 having inputs from '
20 a) ancillary equipment and status sensors 42 upstream
or downstream from the mixing tank, b) The torque and
speed of the individual motors via input 44, c¢) the
electrical power consumed by the motors via input 46,
'd) the gear drive status of input.48, e) the vibration
25 of the drive shafts from input 50, f) input flow sensor
52 on inlet 36, g) outlet flow sensor 54 an outlet 38
. and hy level and concentration sensors 56. The output
of the microprocessor is'on_line 60 td control the
_ motors 20 and 28 as well as the inlet and outlet valves
S 30 not shown. - |
? The ancillary equipment and status sensors 42
e _ may include, fo. example, sensors monitoring the valve
' position on the inlet 36 and outlet 38 as well as their
pumps for various operatibns. This could be used as an
35 advanced warning that the system will be filled or is
about to be emptied. These indicators would then be
consistent with the liquid level sensors as the tank



changi ng the m xer speed or shutting m xers on and aoff. Lf there is a power

failuregor sone event requiring all the nmixer$ to' be turned off, .
parti, te 35 matter would settle in the tank. The |ower m xer woul d-be
t ot al surrounded by the conpact solids. If this mxer were started at

this.eondition, substantial . -14- nmechanical failure would likely occur.
The control systemwould review the stalds of the sensors when power is.-

restored. T fdiyiid gl eye oli nc ul d i ndi st e
restored. % il svebngboacl | f1gep §“feé%i%‘§2‘?*?ﬁr€‘ﬁ?ﬁ£se| woul d be

started fi rst"a&r"ﬂ? |t§’ 88§F§ﬁ§d°9816p§Fa¥‘%n Boved 13Rd e | P FEARARWed. The
jets fromthaatedar woul d pro- gressively suspend ‘the solids in the settled

bed. As the bed heigh
centration sensors, ad ta(?%g %’nggegﬁogg e ac’?yva% é&t%g start-up
is conpl &ed th%éi&ﬂrnpqweuadb@amtamrhbe {mpehter gmetans mER orage or

ulnl f?r m m ])f ?i?ﬂﬁ.l Aheheaghat mévén.eﬁéﬁéoil': Meeérﬁhé?&mrtm@rl bed '[SEO\M ng
ciusters o WO m r eve ou a Cce er, e
runner of O o SResicl sk, ¥3RiAN Yol Sty tie Tt el BeCL (O
numbers of nidtestichertimeusthe impeplevi tiedtuthed inamwiQWNBpﬂﬁd ity to shut
down even nuiielyeafi AHigXaha “’akhtﬁeal%¥f”f.ﬁé#‘? s ; nfhé'cgp%&osltaan“a' ly

effect the ability 20 t o produce sin If a single
mi xer ortd mpdfcEEasRdy cFH?téFtEﬁéuPBe?glFanaH%t%%ﬁ VoS shut down
so t hat. the rwsagsmrseus pnothdeshafy MeEAs ytmé)olévéheftnﬁiﬁeaf single

e e g OB B4RBEacLig! Eirikd o S0 0SS Al V!
description @mdtH@tdﬁéwﬁhgsaPRﬁPPFﬁét6b§E%%@ an¢m§¢nﬁRﬁﬂ|Rﬁﬂd%ﬂS'atta|ned
in that a m¥fgoryuecdy),Spbivey 46danli ¢ibration 50 are compared .
15 with anticipated values. Any discrepancies may be noted
to the operator. Gear. drive operation is also con-
tinuously monitored by 48 and changes in operating forms
can be measured and preventive. maintainance scheduled.
~ A sudden change or measurement outside-pfescribed gear
20 drive operating ranges could shut down the unit and
turn an alarm requiring immediate operator response.
Sensors 52 on the inlet could be used to |
monitor the solids added. Similar sensors 54 on the
_ outlet would monitor the solids pumped out. The
25 difference is the total solids in the mixing vessel
10 at any time. Concentrations sensors 56 at various
locations within the vessel would indicate that the o ®
sdlid_concentration throughout the tank. The degree
to which the solid concentration varies is a direct
30 indicator of the degree of mixing. This could be com-
pared to system opérating modes and form the basis for
changing the mixer speed or shutting mixers on and off. .
If'there'is'é power failure or some event
'requiring all the mixers to be turned off, particulate
35 matter would settle in the tank. The lower mixer would
be totally surrounded by the compact solids. 1If this
mixer were started at this condition, substantial



producés a si ngle flow pattern. Al though the present 30 I nvention has
been ngCI’l bed and illustrated in detail, it is to be clearly understood

t hat the same is by way of illustration and exanple only and is not to’ bé -
taken by way of linmitation. The spirit and scope of the present i nvent.i |

are to bé-limted only by the terns 35 Flthe appended cl ai ns. -15-7
LAl MS 1. A mxer for fluids inc ﬁdln a vessel for containing a

fluidMsa first rmeghrpirednEaiduney wouflds éﬂ-keﬂcﬁebbeﬂrof Thejeonteplineter in
a; first plane I@ﬁteﬁml\@&wieaﬁ%aa\éhaﬁua é!béhénééﬁébﬂsvﬂiéﬁ cal axis

of ‘rotation, a plural of .sec a ha d
i npel | erI of a sgﬁ%ﬁl 3al g‘}’ %gﬁmé Eﬂ*’?irg{’dd?‘\ééﬂ'g eé‘?&?%?g second
plane in said vem&iomra:ertmmgmlduhmanatel Ehevmagnitiidexos e 10

t at d ti:al I d
rotation spage a%@&ﬂ and a tﬁ“ﬁ%‘és&“?&%@? 13l kheVEELLER! woYig Bd Sai

first mxing ne rirve neans connected to said first
and second i xi rRENEERE § r?d?dvliﬁuélels}g&ﬁﬂ Fﬁd@BSﬁﬂEﬂt?‘?"Y%t‘éﬁ? ng said
first and secondsetfidd acil id e@thi mhet Ijen:rs f2om thevmprét ewdrsld opyg-oduce a

single flow patt | I [ 3Pl ac ding to
claim1, wherei n&%%eé&%g sgﬂ p%nl yt\ﬁ}gr ?%é'gpsaxgst}c}? s Fé%lé%)r(lg% 527?%
‘plurali ty of secthrl badihaiahtaris doweyed msodegerninedghy| the terant from -

ggdds]cyn:mz r1n:1$al |é’ex?¢l‘&l£ioiﬁ'één%‘&%t aaﬁu&lthbnw hikaksawb81@! bé Chdtivared.
| Irs Xl

said plurality g‘?“%"ea’g?ﬁj Efﬁa)ﬁ%élpnéén§°ﬁ‘r‘? r""&% g\%ﬂ gﬁ%grw°€gg]§§ Fgereln A

‘m xer accordi ng turnddito thevleng rtexa dtoeagedopl antfosmveiximadé y
di splaced from said firSt‘ﬁiﬁﬂgﬁgh the present invention has been
o described showing clusters of two mixers at various
15 levels about a center mixer, the number of mixers per
level or clustered may be increased. Preferably even
numbers of mixers per cluster are provided. This allows
the ability to shut down even number of mixers within
a glven cluster and not substantially effect the ability
20 to produce a single flow field. Also, if a single mixer
or impeller in a cluster should féil, another mixer
may be shut down so that the remaining mixers provide
a symmetry about the center single mixer. An odd
. number of mixers per cluster will be provided and is
25 well within the anticipated invention.
At It is evident from the detailed description
o _ of the drawings that the objects of the invention are
- attained in that a mixing system is provided which
_ _ produces a single flow pattern. Although the present
- 30 invention has been described and illustrated in detail,

. it is to be clearly.understood that the same is by way
_-15 of illustration and example only and is not to be-taken
| ' ' by way of limitation. The spirit and scope of the

present invention are to be limited only by the terms
35 of the appended claims. '



5. : A nmixer according to claim1, wherein said first plane is’

adjacgnt the bottom of said vessel and 30 sai d second plank.is adjacent’

t he of said vessel. 6. A m xer according to claim1l, wherein -

saLd£§E§ond pl ane i s adjacent the bottom of said ve

pl an s adjacent the top of said vessel. 7. mulmunmlumg to
claiml1, wherein sai.d 35 first and second planes are Substantifal by the.
same -16- plane and said first inpelFdBf=is driven to rotate in an -5
opposite direction than said second ienpehl @r . 8. - A mxer accordlng
to claim1, wherein said drive neans™incl ydes Iurallt of fixed speed 5

~ notors, one for Yeach inpel® @ixeg for flulﬁsnﬂﬂéi QEESrﬂl%ﬁsﬁﬁlcf%Fn1l
mherein when | icpntirsirighe filuid,i a fhiestendiringsnesnsesaningnpel lers are

ocated at, | easte0.f B AR B hORIGRSBhnk QU o5 e L Sasgl h Sccond

di aneter.
plurality of5 se@id Wr?ﬁeﬁelletaé‘dapé"éﬁacédSVBFFPBEF-P}IYrBﬁ?‘éhFﬂlf%*lsﬁ

Inpeller in a raymecfation [ERB]lutralatQ E:ERB]acaharﬁmlﬁEREéahé s@aéhfirst
di aneter. 11. xXer vessel

has a ratio of #E&Hﬁﬁn%lﬁTQ?qa éPe?ge5e§§eF ﬁFﬁﬂE&hgi?ﬂeFﬁE ?ﬁ%g%eﬁf 0.4 °
to 2.0. 12. thah siaisy figsér dingeterc| dnnrlseahrdephanei infsasd di amet er
S 10 the rangeab T ek RaYIngner substant i1ty arBLetcel seld yessel . 20

13. A m xer acgord % tq cllai,m 1, whereln, sai | rst

| ocat ed inld rak§&3SioR sHaCERRFapsa3ly FEQR]SF?Gn§PH§t%BF%%££5f the vessel
where [ERR] is svairt italsaxdisaet eaidlféirst mixAngi Xeanagcandiag to clain11
e e BalAy e LWbiitd HohO0cBRABS: 848" QYL r S0 "I N9\G

third inpeller sitioned Su
second mixing means for 1nd1v1dua11y and independently

rotating said first and second’ impellers. to combine their
15 flow patterns to produce a single flow pattern in
fluid in said vessel. _ _
2. A mixer according to claim 1, wherein the
A substantially vertical axes of rotation of said
plurality of second mixing means are positioned
20 equally distant from. and symmetrically about said
substantially vertical axis of rotation of said first
mixing means.
3. A mixer according to claim 2, wherein said

plurality of second mixing means are an even number. _
25 4. A mixer according to claim 1, wherein said [,
second plane is vertically displaced from said first )
plane. _ ’
5. ' A mixer according to claim 1, wherein said
first plane is adjacent the bottom of said vessel and
30 said second plane is adjacent the top of said vessel. k
6. : A mixer according to claim 1, wherein said

second plane is adjacent the bottom of said vessel and
said first plane is adjacent the top of said vessel.
7. : A mixer according to claim 1, wherein said

35 first and second planes are substantially the same



verti céi ly between sajd first and se{:ond i mpel | ersTima—tht rd_pLaJMnd.

substantlally vertical axis of rotation spaced fro ubst anti al | y
~vertical axis 30 of rotation of said first and se Hl,mﬁm
wherein said drive neans is connected to said third

rotatlng said third inpellers at a speed tolg{oduce a single fIBM/battern
i.n said fluid in said vessel in conbination th the conbined fl ow 35
pattéen of said fplaneantdssadddfimpt| impelldb.is driven nixarotazsmeoridi ng to

claim 14, wherein ﬁabgpﬁﬁiigld?g§c€1éﬁttgfﬂfs§§&'£@EB%# ﬂkéfﬁ/ glo vessel

~17- dianmeter greater m Xer accor alm 1,
wherein the side &nd bottonﬁo?i§8FdaF§ﬁRdﬁ%%tt%1°¥%kp|¥meﬂhQﬁekﬂ %R%Qitank
at an angl e great @riveamedfls. ihcllides a plurdlityest afeedlisigedd claim 1,

wher ei n each %f Sﬁp@oEgpehhgr§oga¥§Fﬁ Eﬁggffagantly axial flow field
"1

exiting sdid i"npelTers according to claim1, wherein
each of said inpePlers haveAamésavepgragdinguteielaimyd ; jwheneinsahen

i rme::ers h19 l:|.ff&dmltéeﬁhéCQQﬁﬁ!&nﬂntﬁhQ%Qéely\*@zliﬂr‘séé"&éecon? bl
inpel l ers have a (i ent. hand ef_and_are rotatable
in the opposite di Pgﬁﬁ'ﬁ'ﬁﬁ'sf Ao éﬁfzﬁg?a E i %Zp%ﬁ&f"dﬂ"? RPBane 15
di rection. 20. of SAid|1equﬁdrwaereqngdisrsald|qeednéuaxzmamemw medi um

i'ncl uding a WﬁﬁsehofOV contﬁlﬁh&ﬂraabbsyaﬂngataléfalﬂ1rlnﬁh@%@{ﬁ %&w&ng a
first inpeller of Iin,a fl1rSt plane in %s.Y vesse and
p

having & 90 - subBLETLIEEy oRoPereRR inpelhets base; spacel erbicalL
second m xi ng neafromcsaidhfireg dmpeldes inpel rangefof ¢esad{l ﬂbaneter

smaLer than said fg B, hATRUE p,' Bs?6EAPY BEABE LD ANt 1 31| ¥

vertlcally dlsplace
L _ A mixer according to claim 1, wherein said

15 vessel has a ratio of maximum fluid level to vessel

diameter in the range of 0.4 to 2.0.
12. - A mixer according to claim 1, wherein said
first diameter is in the range of 0.1T to 0.5T where T
is the diameter of said vessel. .

. 20 13. A mixer according to claim 1, wherein said
first impeller is located in a range of 0.25 D; to
2.0 Dy from the bottom of the vessel where D; is said
flrst diameter. |

14. A mixer according to claim 1, whereln a
. 25 plurality of third mixing means are provided, each
R having a third impeller positioned substantially
L _ ' - vertically between said first and second impellers in

a third plane and a substantially vertical axis of
rotation spaced from said substantially vertical axis
L 30 of rotation of said first‘and second mixing means, and
“ wherein said drive means is connected to said third
g mixing means for rotating said third impellers at a
speed to produce a single flow pattern in said fluid
in said vessel in combihation with the combined flow
35 pattern of said first and second impellers.
| 15, A mixer according to claim 14, wherein said
vessel has a ratio of maximum fluid level to vessel



I n said vessel and having a subsfantially vertical 25 axis of rotation,
defadially fromsaid substantially vertical axis of said fjirst n1X|ng

"?\[ﬂlﬂéﬂlty of drive means connected to éﬁtﬁ‘o+~sa+d_aneL~§rs for
’élly and i ndependently rotating said f|r Hﬂ cond inpellers at

speeds to 30 conbine their flow patterns to pr LMHOM/pattern
inliquidin said vessel, and control neans connee ve nmeans
“for indivirdual Iy activating and deactlv%ﬁlng sai d drive neans for varyiwg
t he degree of. anamagenhgfeaﬁarntnamlmg said 35 single flow pattern. 21.

A m xer accordipg to g y ond m-Xi ng -
nmeans have a shgét ant i aI *\%E:Qe;“@gé%&iﬁf éjo #ﬁl‘é vﬁ{e?ﬁ tical axis
of rotation posidgoand bqntﬂlyoﬁl saidttaniymeekl aythe rinkenionminfit said

substantlally ggialgahkagtsagfaﬁ 1gtg§@h§$rseﬁghfgdet n1X|ng means. 22.
A m xer accord| gtoc h rd m_xi ng nmeans

rality
are provided, &aeh haV|nb a fﬁFrﬁC?ﬁB€$?%rt?rFt%%Wn%tjih &aH oned
substantially oﬁrbaiélhypbklaesnhauedafpredom&mhn&ixnak;ﬂruﬁbmmnd a

substantial l'y %?E%gcakiﬁih ggiaoiﬁ%#gf?fgaced fromsaid substantially ;

vertical axis o rotafion of ITst and second mixjng means, and
wherein a plurdBrty of dfi BAXREaASCAFRIRGFRFERLR ol s HRPEMR RAFKi ng means’

for rotating sagdsthar dmpapielrerhate & sonesrddngr EIb ef PeXd ngti fpw :
pattern i salga ghge?T ;gld vessel in conbination with the 15 conbi ned
flow patt %gl B*3hd second i npel lers. 23. A m xer

according to ch8-m 20, whehikarcacpordingitoieheimecls Wmdee-‘en @heloni nant |y

axial flow fiekdcgnlt ifgedtblsi HRQL! &' &ifferent hand than said first _\u(
impeller and are rotatable in the opposite direction
from said first impeller to pump in the same
15 direction. _
20. A mixer for a liquid or a liguid suspension
mediunm including a vessel for containing a liquid, a
first mixing means having a first impeller of a first
diameter in a first plane in said vessel and having a
20 - substantially vertical axis of rotation, a plurality
of second mixing means, each having a second impeller
of a second diameter smaller than said first diameter,
in a second plane substantially vertically displaced
in said vessel and having a substantially vertical .
25 axis of rotation spaced radially from said A\
substantially vertical axis of said first mixing :
means, a plurality of drive means connected to each of
said impellers for individually and independently
rotating said first and second impellers at speeds to
30 combine their flow patterns to produce a single flow
pattern in liquid in.said vesée;, and control means
connected to said drive means for individually
activating and deactivating said drive means for
varying the degree of mixing while maintaining said
35 single flow pattern.
21, A mixer according to claim 20, wherein said
plurality of second mixing means have a substantially

=



20 24,

A m xer according to claim20, wherein each of sald

|npellers have a converging flow field exiting said |npellers

m xer "according to claim 20, wherein said drive “ eed
notors. 25 26. A m xer according to clai :{mﬂmmu “m mry de
bottomof said tank neet at the interior of said tank at ah ahgl® greater

t han .[ ERR]

27.

A m xer according toyglai m 20, wherein the second

N.ers h dhereqt ngnd than, said first, 80, .1 pel
otatanl o in tho JSROSCRD AMBCPFORCERBRPRHEOSHFLeneduBRiat it (EkARY &

.sane direction.

Figures 2 .and 3 or Figures

ex

t he

_ _ 2&rom and AymmnerlbalIYIabdetlaciddswkstamﬂiaﬁixw a.Iqu|d
| N suspensi on. sub b%h'$x§§ Q?r%bggeieheoﬁe§£iabfﬂr¥ttﬁhifﬂf
hel r |gures

ure 6 or

in combination wi 2#<Figure # Hﬁxﬁﬁea&EEBﬂﬁﬁﬂygﬁgcﬁ?éﬂn%%5 wherein a
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plurality of third mixing means are provided, each
having a third impeller in a third plane positioned
substantially vertically between said first and second
planes and a substantially vertical axis of rotation
spaced from said substantially vertical axis of
rotation of said first and second mixing means, and
wherein a plurality of drive means are connected to
said third mixing means for rotating said third
impellers at a speed to produce a single flow pattern
in said liquid in said vessel in combination with the

~combined flow pattern of said first and second
impellers. '

23. A mixer according to claim 20, wherein each

of said impellers have a predominantly axial flow
field exiting said impellers. |

24. A mixer according to claim 20, wherein each
of said impellers have a cdnvgrging flow field exiting
said impellers. '

25, - A mixer according to claim 20, wherein said

drive means are fixed speed motors. .

26. A mixer according to claim 20, wherein the
side and bottom of said tank meet at the interior of
said tank at an angle greater than 90°.

27. A mixer according to claim 20, wherein the
second’ impellers have a different hand than said first
impeller and are rotatable in the opposite direction
from the first impeller to pump in the same direction.
28. A mixer for fluids including liquids or a
liquid in suspension substantially as hereinbefore
described with reference to Figures 2 and 3 or Figures
4 and 5 or Figure 6 or any of their Figures in
combination with Figure 7 of the accompanying
drawings.




