SPECI FI CATI ON PARTCI LE SI ZE BREAKUP APPARATUS BACKGROUND Techni cal
Field [0001] In general, the present invention provides a particle
si ze breakup apparatus. Mre particularly, the present invention
relates to a mixer that inplenents the particle size breakup
apparatus and includes a statorSBREUIBGCATIGNal ity of openings fornmed
thereon and a rotor disposed inwardly of the stator and spaced away
fromthe stator wwth a specific gap, that is, the so-called
rotor/stator type m xer cription of the Prior Art [ 0002]
Generarly, 1t 15 showsARTGIGE ST BERAKIER ABPABATGS or / st at or type
m xer conprises a mxer unit 4 that includes a stator 2 having a
plurality of openings 1 formed thereon and a rotor 3 disposed
inwardly of the stator 2 and sp the stator 2 with a
specific gap 5 . This so-calIedﬁggeggﬁgpéigﬁplype m xer provides the
enul si % AficAIBREL Si g, particle size breaking up, mxing and any

ot her pTUCé§§rﬁg—§%cilities for a fluid or liquid (referred to

her ei na{pep1s Inf beh&dalPehB D REEAESACENtIBY HAKIiASs A0YAALAGEsiOb Bl@kup
hi gh shearing stress that nay be produced i'n the neighborhood of the
gap betppamatie Mererparti@ilatlynghat pFisahtsipeedsioandeliafes $bad ahixdr that
its fixed position, and may be wi dely used for m xing and preparing

t he fl uingblememitghd geaitinde pioxcbssddup appheatwnahddnohidug 4 isthtls Bacing
as the foods, pharmaceutical nedicines, chem cal products and ot her

| i ke | adpbieildy. of ppoodlgs ieenrast bhexsont andta yeton diaposag ibavatidly dddthe
into the two cl asses,_ such as the_external circulatign node m xer

that ablake &R FPaGedl BeYay Ippwcdbgestater cWitdyRasRreddici gapcdbad 1y e

arrow 5a in Rig.2 and the internal circulation node m xer that allows
the fl ﬁPEFaE]&dn’gOtBF%E%EOgeWPFOm&’f‘?rCUI ate as indicated by an arrow 5b

in Fi g'De25'cri |1:90%)6} tﬁ@?’rﬁ&lgﬂ stator type mxer is now avail able in

t he va tion nodes. For exanple, the Patent
Docunen h : : -no i ' '
the comb agt] o SPPRIE, 18 13 BhoSr LTEHEr ) lenbRgLs AR b FRE it
and meihigdr Qo5 AgHE b iRe Ll 8 tHiaZasclitBls ABYaRS 20RIVIRE 4 plEFAtyCsr
those particles, in which the m xer includes the stator having a

pl ur al bpgndigopdoimgd thereen ahldes eotored disfwsedonardile pd3hd stavar 2layd
of the stator and spaced away fromthe stator with a specific gap,

and nagpheedvaslyyfrosethé etatorfuwaidt aspegifihgaphaftassotiadldd rotor/stator
medi ci nes, nutritious supplenent foods, chem cal products, cosnetics
and t héyPp¢ eixan previdesciicvemulsdyingedifpessingrpddiceasize hysakiang Hep,

effective, si e and easy manner. _ [..0005 There are_ several

i ndexeéﬂl@%ﬁ%&%w REben pracersane fagditiey f]ﬁ%r"’e%r}‘f‘@r‘ér 3l e(rrfmgdsto
for estinati t he perf nces for th i xers.of the variou or 1.
bnd ©ypetenithods PRl TRRE" pifiassthe DY rekitere ftGsdh U (high
l'i qui d—$.9z |4 qui ' ' rati.on: . t

type mehgpr ikl SREE I BRTOENLEE TNR ShoighBo i GLER¢ BB Ripween
resul ti b QU j I i EnsL e :

Cai cul SE LS Barth R hERRIESpoERn arl he SRR bR (e HRRdosiBn, and
di ssi paiaprbd akRldNons&at £t nlQehieen & kg, tHUthid o® NQuid bei
appar ent $r0n1thosgbhgn-Patent docunent%n%ﬂghdéz t hat %he neghéd f%?g
cal cul ptrotepstieimvidreagearafiuriigs fiqldsi ouch afe ths foodis| githermabOKRI1
There are several reports that describe the study cases in which the
exper i meediciresyylchenfiagkpbebuctararahgeershke hadustrose experi ment

results _can be applied to individual m sers_(Non-Patent Docunents 3
to 6). [ROORbsThernetgr/states tyme mperanay beclivdadigotthedwo plaweearsuch
the particle size breakup, effect for the m xer has only heen

di scus 88dhepxternal grewladioay mode @qulhal%fa%ﬂ‘b‘ﬁstt e thyddrerngprocesssd to

the ef E?r%hlgge EAQ em%gl)gancleﬁgﬁy (J]r? la%%gwogatirﬁeﬁé. tglrfd ﬁlned irtl e%nlai kceli'cu a 1ton

mode mixer that allows the fluid being processed to circulate as indicated by



[ 0010] Al though the Patent Docunent 1 nentioned above describes the
superiority (performance) of a particular type m xer and presents the
nuneri cal val ue ranges for designing such particular type mxer, the
nunerical ranges for designing the high performance m xer and the

t heor etancatrogr 6bnasken 2ohi ch t he nunerical val ue ranges are based are
not described specifically. The information on the types and forns of
t he hi ghOped oMimerosorfistagoritypaorixgirds nesedvailpblii the vaseousifbeas and
above, several indexesF(theories) t hat provide the basis for the

per f or wRifeBatien; medesn Fest evoropls, the Datgat Perumpat viatha apppsatuspfor
forms have been reported.. It should be,noﬂgp, ho%even, that, in many
cases, MfbdeethodeQbProdHchi Pagbiclenusis tther rrmPNERUPRLET the dater gmd

h f I , I h i .
e el Shesd S TR APE3RD mBER b Hon U5 VG BB
For  SX3RY o ApLIGHI, PRSEELIIAbE JARKES LGN ANk BE ARl 2o

to those xer tween thée rotor and

a greatstmxeﬁa%ﬁ{g LRt ditopd S gR SRR %eﬁgﬁﬁ[ TehePfo R AB¥ESsed

that can only be applied to those mxers in I e openi ngs

(hol es)infardbd o®Rhkhgtasbrbdid Bpy& B atf8afroph ftdet stitor Reithes Wpkkift gap,
particle size breakup, the conprehensive indexes that can be applied
to all aofd whey Hexeridebf wkd fuossidhefaicywengothd ghmrnhaseritied]l beghicines,
di scussed, and it is not considered that the indexes can be applied
to al | mftritheusrisuppleméntifvodsn sdidshzal yeduots, foosmeticy 80dAhel tikeajt is
be apparent _fromthe above description_that there are no study cases

i n whi deseridepetiradr thanseixestsarabeotraled H 1arde pifeekidp e suppleeanddeasy
for the rotor/stator type m xers have been di scussed. In addition,

t here d#@PRB"study cases in which the indexes that can be applied to

E! 'SC‘J%SZE’%MS oLl REenst oy PRy (B isD B E oy R IF e
and i n ienefURECHE Ul n Ao AEDRE Rk BB le perktfilncel o IR hTie bt

net hod ¢hervdiGud Bid ahatigpekype mxers are estimated (1) for each
i ndi vidual mxer, (2) by using the small-scale machine, (3) for the

resul ti foobsdui Borlegamgilaneitens thongtestiohlie foetséd iodgthé diguddeioeliquid
di aneters) obtained during the long running tinme. In other words, it
shoul d cheperatied opbedtion dshweHlraotharvtorfdtatoesypd imget idysdubsddopbove, it
di anmeters that can be obtained (A) for the various type m xers and

(B) by iensipoytedy thiaé the gezecdpr thec meselting liciwdadronl disaneteast can ke
installation) (C during the mxer's particular runnin i e have not
been evasenised inderad qiﬁtéleeféﬁlcu{mmalpw (gseqipr er Sa}%lgﬁfhéﬁr the aagrage

dmtted that ,there. t he ,ind t ly. b ied.to th
e & g At aon it (NIREPERahd Do SBReRRs T ofef 2ha Bithels f4: Bpt
" f . . .

oo o, HERbeBl 6k Mot NPERHETIABACRLE Pl o 1B Fhedmothod for
oh ! ‘ . . ; . .

(hor o PR GlRLY s Aty Blssl bR bafeRafhithRe. O, 105
particl §0ah7$ bresklifroseRial %bﬁb%?ﬂ}&%defsﬁﬁb%qmy@cﬁﬂjﬁéa\é%siiﬁd&‘h?c% the

that can be applied to all of the mxers of all possible types and

forms (kperirhent resuldd halicChediharvanhbedsotthpe thosersxpaaimiedt GeENisechn
or estimated conprehensively or in the unified nmanner) were not

di scusdedpplied tténdividuel miserd@ies-Ratant domiments Bdodohe those study
conparison or estimation. [0015] For the above reason, the m xers
vere acages (YousRateatddocwyants Bgottiehowerepddie partpde fsdzarhredsumatfect
desi gned édeve!oped and_ fabricagted accordingly while the mxers were

bei ng testhe refernas ppky basn dsewisedal tenys afithg affectaadt the sap gingthe
bl 10 R pResatinlY O LERAY PR SERNENTS PRI, BROUVENTS [4°3S) e

What has been reported in those study cases is different for each individual
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wher 6 AR aR AP RI ET RGO SIS R BIGIL ol Mo BERIS prodiRed i
to a flsubgedtedie thleCdfsIels sOrdsBakhbhrin@frofQyhed. t he hi gher
performance and wherein the m xer is also capable of changing or

adj usti 1g00BE sheathegcala-apsmaphbd ddr tthet Ftof Isti hrbgipegnfiker eidsad @
wel | as changing or adjusting the rate at which the fluid being
processedera edgatedntwhidlothe {0l 8dsudbiotghbquobjdrop diaméterpritbemost
invention is to design the rotor/stator type m xer_such that it can
provi detalle rﬁsgﬂ*@mgpgﬂﬂyi aapediggnetens) thad candve obbainedkbygunning the

advant age of ,the conmprehensivye perforpance estipati on nmeth t hat can
be applni”éf@rthra?r lorg timHe aHex 1‘%“65%’?55%@@5619\9% OSBBT3Yr Jatidowever, the
ci rcul ation _node .or, havi t he warious for as |l as the desi .
et hod SER uP AREUT hFoneD s el RS ath T hultBen e piinf Arthep it
condi ti S S| j 0 St t .
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(part i ehsiilct6d Dk £RKAOrbITEI Ohuifl N W ARIHERNArt Emated, what is
pharmaceutical nedicines, chenm cal products and the |ike by using the
hi gh- peepersranieeomliyxgie phBabnire (faptH el attebyinulyl baddWohNBe actually
performance estimation nethod and/or the design nethod nenti oned
above. nhensanddrvilueadespptinsént haluws) eThe mepott doed nabaleacribp0di21dtudy
The invention according to Claim1 provides a rotor/stator type m xer
conpr i skpgin whichrthenresultiag ligeididesp dizmatens anevinglyzegltiearetigaldy.
openi ngi forped thereon and a rotor disposed inwardly radially of the
stator afB18packithaugh theohatrat Pacementt h mespesed ebgwp derieibep the

the rotor disposed ipwardly.radially of the stator, and spaced awa
from t REPETIFHY WPERFHANSSSCPT i & BABHIPHIAdEDe mixer agey igponts the

i ph | I f ' he inside of. .th i ph | |1
of 1 horeiaplPeh ARl cREGRLIR IS Seh BpchivherRbrkufr epBom ey e
of the'S! u A 1 figFSort
ol ur af PEyRane iy EEAE ok Hesl iRl A el A0TARARKS Jp0R, o2 fhe

[ 0022] _tﬁ@@rét%%ﬂ&ﬂlﬁpﬁﬁr@h% tRe @ @@y #Zal 1865 ek O hak&d Are not
type mxer as defined in Caiml, wherein the stator includes a

pl ural ide¥cEbedt ¥ctificgaghThavintgriadidd emethe AgHepheid@!fofindnBf €he aRigh
wherein the rotor peripheral wall of the rotor disposed i nwardly

r adi al ipgrffrnesede ofixehés abhddedosdesl.di sposed so that it can be spaced
away fromeach of the stators with a respective specific gap.
[0011] As described above, several indexes (theories) that provide the basis
for the performance estimation method for the mixers of the various types or
forms have been reported. It should be noted, however, that in many cases,

those indexes can only be applied to the individual mixers of the same type or



[ 0023] The invention according to Claim3 provides a rotor/stator
type mxer as defined in Caim1 or 2, wherein the stator and the
rotor are provided so that they can be brought closer to or farther
away from each other in the direction in which the rotary shaft of

the rotfermefhemdst casd)ZAjtudtlg, thyaninduxeaceninbtnge tappleal to 4he various
provides a rotor/stator type m xer as defined in any one of Clains 1

t hr ougliyBe mixersiench havangtaodifferenddoran kol sxacople; adtttoargh thpre may be
inwardly radially fromthe edge of the top end edge. £0025] The

i nvent |1@de&%ﬁ:ﬂiétﬁ e pulichaianpdiask byihise mixesony \ygatth)t ¢ o hatxeengkhe
defined in C 4, wherein the annylar co has .an |nlet§£ole
t hr ougKOHi &R o dfatop draty 2 ppisad oo tBE FAtAAUHEY RIGAHET o yhere

[ 0026] The,inventio accordl to C.ai rovi des a. rotor at or
[ on0) ey bedhdreS il oA o %h& e b R e W h TS BEmises
of ”‘e(ﬁﬂw ?lﬁgﬁﬂ 8f0n091%"s@ H{n’?g % reatt %fécta&? rthga}t%sﬁ tlﬁg Sp[dar%lrag%me

[ 0027] AVent T ont 2Ce6r prOV|des a ro or ato

type mb?i'gé 5, fied Los ?r ﬂeﬁ1 eol'ﬁ%.e s %QE BEnbhel 4 ?9@ 8 all"@%@% g}ﬂigﬁs of

plurality o openln orrre on the stator repre ent over

total RET bBHELH typéd ofifolme E&@é QfotVleft%!ih Qiscufs€X PaRESEds bl &iBdeted
the opening-to-area ratio. [0028] The invention ‘according to Claim 8

provi dehat thet aideeat@im byp@ppiw@rtoa@lldﬁf thetixeramyf Oibepkiileaiypeslor
through 7, wherein the rotor has a plurality of agitating bl ades

ext endifognsadi al |y fromthe center point of the rotary shaft of the

r ot or. 50029] The i nvention accordl ngpto Claim9 provides a

rot or / s{8Pd2 1t yisemayxbe anmpaeaitnirome the xaroveadpseriptienctat thets ene aw

the Eﬁ%&%&b?ﬁ%egr S BiGh pérég%?ﬁeegﬁﬁiﬁﬁ?%?rﬁg%ﬁ ELitge scalé-up
bei g SRS S th: retPE B e dBITHg BASE ROt o HSeel g 4Adition,
e z@fﬂcﬂfﬂea%é%aé}dfﬂgfé%dgﬁ AR g o
det er myn ?%Lf%'f}!’&ﬁgnhg@rérbéﬁi hsavfiﬂéhdr a4 @fer{t 9abbBReen CUS@T 3?@ in

z2n2d3P+ DD3 +19 6.)) +

ins:d ZyKich ﬁ)eléxgel)mréﬁt\/'reé\dq@s that %u:)a thds BPé’aﬂ@d KA bedR” érranged in
=Kc(Nd tm - v quation]. [0030] In the Equation 1, E a Total

ener gy atiyssppaiproater aitder( n2/ s3) E g Local shear stress in the gap
between the rotor and stator (n2/s3)
[0013] In the prior art and in most cases, the performance estimation
method and the scale-up method for the rotor/stator type mixers are estimated
(1) for each individual mixer, (2) by using the small-scale machine, (3) for the
resulting liquid drop diameters (most stable resulting liquid drop diameters)
obtained during the long running time. In other words, it should be noted that
in the prior art, the resulting liquid drop diameters that can be obtained (A)
for the various type mixers and (B) by employing the large-scale machine (on
the actual manufacturing installation) (C) during the mixer’s particular
running time have not been evaluated nor estimated.
[0014] TFor example, although it may be admitted that there are the indexes

that can only be applied to those mixers for which the size of the gap between

the rotor and the stator has a great effect on the resulting particle size



s Local energy dissipation rate in the stator (n2/s3) Np : Nunber of
powers (-) Ngd : Nunber of flow rates O nr : Nunber of rotor bl ades
(-) D: Dianeter of rotor (m b : Thickness of rotor blade tip (n 5
: Gap between rotor and stator (m ns : Nunber of stator holes (-) d
D ambirenkap datahalsifieheioprpr thedfhheknke Sndéxed ghiay c{mpnly be Myppbeerd to
of rotations (Vs) tm: Mxing time (s) V: Flowrate (ns) Kg:
Conf i gtthasé orixdep domiertich shm sin@ pr KermGort ¢aplr of tlom openbratethole®r forined
stator (nR) Kc : Configuration dependent termfor the entire m xer
[ 0031] oPhéhe ritaser dirsaécareningiiest omithe e nisdesriacleosine brealsap or
type m xer. as defined in any _one, of C ains t hrough 8, wherein. the
m xer @gﬁubéﬁ%ta%dtﬂ% %mme@&%md%e%éﬁemcaﬁ g amdl thfﬂbﬁrﬂthe
l'i sted _bel ow t.0. psti e .the m 'S ticular runnin | me _and_ the
Feoul t TG 65 rdf BPBHBI b Fad Ehubslihe sECeResiHoN ich th veRius Bpe
m xer' [ r ' e Fa = = - . ... 5 ) I
4Nl p2 %‘}B‘%%%z‘gﬂﬁr?gae AR $ 5??5%@% Cé’ﬂérp%)ehg%)"ey E(%I) (”r‘j &F‘)Dau%é‘ed
K AN 46 5nnde)(d¥etnot difAHREHOMNH Yhere were no indexes that consider the
above comparison or estimation.

[0015] For the above reason, the mixers were actually estimated regarding
their respective performances and designed (developed and fabricated
accordingly while the mixers were being tested on the trial and error basis by
using the actual fluid being processed.
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[0032] In the Equation 1, E a Total energy dissipation rate (n2/s3) E
g Local shear stress in the gap between the rotor and stator (nR/s3)
E s Local energy dissipation rate in the stator (n2/s3) Np Nunber of
powers (-) Ngd : Nunber of flowrates (-) nr : Nunber of rotor bl ades
(-) D DaneedR00R)rotor (n) b : Thickness of rotor blade tip (m 6
Gap between rotor and stator (m ns : Nunber of stator holes (-) d

Di aneter of Nat- paténmﬂ glqemdntrhn cIMess YBf Bt sk (Crr)H&uNlj‘liﬁquidJLiquid
rotationspﬁl/s) : Mxm&ﬁtme (s) V: Flowrate (ms)
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st at or 2%%12% K\cg C)gnflguratlon dependent termfor the entire mxer |
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SUMMARY OF THE INVENTION
[0018] One object of the present invention is to provide a rotor/stator type
mixer that includes a stator having a plurality of openings formed thereon
and a rotor disposed inwardly of the stator and spaced away from the stator
with a specific gap, wherein the mixer is capable of improving the shearing
stress applied to a fluid being processed so that it can provide the higher
performance and wherein the mixer is also capable of changing or adjusting
the shearing stress applied to the fluid being processed as well as changing or
adjusting the rate at which the fluid being processed is allowed to flow.
[0019] Another object of the present invention is to design the rotor/stator
type mixer such that it can provide the higher performance as mentioned
above, by taking advantage of the comprehenéive performance estimation
method that can be applied to all of the mixers operating on any appropriate
circulation mode or having the various forms as well as the design method

that takes into consideration the mixer’s particular running condition (such

-6.



N 1",

-d2 +
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ener gy

4 D3bor2ns2d3P + 4t) =KA p - Non-2). n rilD3[((l) ,5) 4N [n,
4(5(D + 811 VKNp Nqdir 2 )" nr}- [D3 ( Kg + Ks)} 4. tin
.t =K V. m Equation 1 [0034] In the Equation 1, a Total

di ssipation rate (nR/s3)

as the processing time).

[0020] Still another object of the present invention is to provide a
manufacturing method (particle size breaking-up method) of manufacturing
foods, pharmaceutical medicines, chemical products and the like by using the
high-performance mixers that are implemented by utilizing the performance
estimation method and/or the design method mentioned above.

In order to accomplish the objects mentioned above,

[0021] The invention according to Claim 1 provides a rotor/stator type
mixer comprising a mixer unit that includes a stator having a plurality of
openings formed thereon and a rotor disposed inwardly radially of the stator
and spaced away from the stator with a specific gap, wherein the rotor
disposed inwardly radially of the stator and spaced away from the stator with
the specific gap includes:

a rotor peripheral wall that faces opposite the inside of the peripheral
wall of the stator having the plurality of openings formed thereon and is
located inwardly radially of the stator with the specific gap; and

a plurality of rotor openings formed on the rotor peripheral wall.

[0022] The invention according to Claim 2 provides a rotor/stator type
mixer as defined in Claim 1, wherein the stator includes a plurality of stators
each having a different peripheral diameter and wherein the rotor peripheral
wall of the rotor disposed inwardly radially of each of the stators is disposed
so that it can be spaced away from each of the stators with a respective
specific gap.

[0023] The invention according to Claim 3 provides a rotor/stator type
mixer as defined in Claim 1 or 2, wherein the stator and the rotor are provided
so that they can be brought closer to or farther away from each other in the
direction in which the rotary shaft of the rotor extends.

[0024] The invention according to Claim 4 provides a rotor/stator type

mixer as defined in any one of Claims 1 through 3, wherein the stator has an



E Local shear stress in the gap between the rotor and stator (nR/s3)
s Local energy dissipation rate in the stator (n2/s3) Np : Nunber of
powers (-) Ngd : Nunber of flowrates O nr : Nunmber of rotor bl ades
(-) D: Dianmeter of rotor (nm) b : Thickness of rotor blade tip (n) 5

Gap bekaen cooéPexadilisgdharardly radiallNgrhe thefedload thdtpeend edgd.,
. Dianeter of stator hole (m 1: Thickness of stator (n) : Nunber of
rotati of802¥}) The: inMexkion bcomrding ta (lladmy bapeoidey &Kgrotor/stator type
Configuration dependent term (nR2) Ks Configuration dependent termin
st at or niixRy as dednfddyim afleom depehdeein the mifoalarheovent hae an xelet hole
[ 0035] The invention according to Caim112 provides foods,

phar naéBteug ™ hashi & flvad being papsessedpioaybe tBtrodaced dovwmwarabt ur ed

Y ot R BE TR A e h L AC e ain g ot L TReL B, BEtVideh iy Tot B baeT ke
f th d t st b 1 that, i 1 1 / st

e Or e T AT . b G PARIEE of Rk, B ieredh “bad Brthe

f d J di i t t d

Lo oq PLOENSRNo PO B Bled s RS SSal R Cloboiind Magpd 2L 00 BN

i nventi ppoPyPPOBRE R@noRE b cbdidlinkStd AARME 70hro¥iAE.VA NGthPRtator type

shearing stress applied to the flurd being processed so that it can

provi denixe 4 dbfiheAeid anesite of Wdirhurt hbrowgle 6, Rehersisetic phvailityosf
proposes the m xer that is capable of changing or adjusting the

shear i ngeaings forapgd oadHeostialter fréprabeeiovgr @036 edshd tandl pEaphicngl arall
adjusting the flowrate at which the fluid being processed is all owed
to fl owfithe atastmoahes iis kxphessedamgiad nos obthe spedingréanirag raticess.
[0037] As another of the advantages, it_may be understood that the
present [0PR§&ntThe aveshion: ReceidiRsr th&lrsn8nBEOYIdes ¢ siodpBptatpsetype

1 to. be desi by taki t ft hensi
e o FRAEE SRR bl o eh o aRbobet o TBOERE B Frion nas o
i 1 eur RV L Bthin g MR E-EORIEHY FRuRTY B e B @i oint of tho
consi d%f’atfyoérhéﬁﬂeofrf'h)éeﬂo'tér.pa”' cul ar running conditions (such as the

processing-tine
[0029] The invention according to Claim 9 provides a rotor/stator type mixer,

wherein the mixer having the construction as defined in any one of Claims 1
through 8 is designed by calculating the Equation 1 listed below to estimate
the mixer’s particular running time and the resulting liquid drop diameters of
the fluid being processed that are obtained during that mixer’s particular
running time, the mixer’s design being such that it allows the resulting liquid
drop diameters of the fluid being processed to be determined during the

mixer’s particular running time-



[0038] As still another of the advantages, it nay be understood that
the present invention allows the foods, pharmaceutical nedicines,
chem cal products and the |like to be manufactured by using the higher
performance rotor/stator type mxer that can be realized by utilizing
t he conp&ghgn iﬁp performance estimation nethod as well as the design
met hod. “[¢00 |%s accordance with the present invention, the index

called as the total energyydi ip%tio rate:zEz% is egplo .ATh
total energy. Ws_igat,}?nnr | _ELNbio +each’?0t,dlﬁéﬁﬁf ers |[ja¥ing | he
tie & S
n

various fornstarfd ofer my+ 8 rapvi@gedé@mgwtﬁgs noge
of fered fromeach of the acturing conmpani es may be ut ed
individually fromthe neasured values for the geonetrical sizes of
the rotor ang stator, the nni,ng po ﬁ@nq the fluid flow rates.
This total =ef\&¥ gy M} 957 H;I-Eb%léta-:mg masi/g—ﬂe represented by the two
terns, such as the ?orn1dependenf t erm and¥t he/ runni ng condi tion
dependent term for each of the m xers. [0040] For exanple, when the
performance for each mxer is estimted by using the index called as
the total enefgy dV%ggp tion rate: E a, the values (greater or
smal | er) obfataé ‘szﬁT he feorm dependent Havaterday be used to
estimate the m xer'S pefformance by determning the particle size
trend for the liquid drop diameters. [0041] In order that each m xer
can be scaled up or scaled down, the m xer can be designed by using
the nea$0086]val ues obtained fromthe form dependent termand the
runni ng condition dependent termthat are contained as conponents of
the to Eﬂh@hgﬁgyhﬁﬂsﬁipation rate: E a so that the two or nore
different | asqred val yes, can accor@g%ﬁgh each other. [0042] Based
on the GapoveC Rl ERAFEY ISP AN FRkG §He possi bl e to design

(devel op) .the mxer (the higher performan m.xer hat, proyi t he
hi gher bai HOERLEF e8a ARG e b BREPE TR ShiGH Snt P! “ThER he

exi sting iyxeh QB?féiﬁdPJs%;S’%triﬁ{itrafté ?ﬁ‘th@%t&?cﬁecfrgg)ﬁ%mt h the theori es

and the &xper| nenf sbase hose t heori es. I n accordance
with the PRRSEREr bPYERELLO(,) therefore, the range of the higher m xer
performance may be established by using the neasured val ues for the

f or m depghdenimber f fkeekhted €nt) that may be applied to the
performance estimation nethod for each m xer. Specifically, the
per f or mRNAMéumdregeftioadr Hhmkesnol cover the perfornmance of the existing
m xers of the prior art nmay be established by using the neasured

val ues Il oDiameteoofrdigemdbnt termin the index called as the total
energy _di ssipation rate: E a, or the performance range that cannot be
cal cul &:ddigkness obyotgzitlgde hip E@Avent i onal i ndex (theory) (it woul d

be difficult wthout the actually sured val ues) nay al so be

est abl i%he ?Prg%kﬁﬁ?ﬁ1’ 05&6Ff?%ﬂ%lgﬁ§ present invention provides a
met hod _of. nuf acturing. ds.y phar maceuti cal nedi ci nes, chem ca
producF@'gggnﬂﬁgcﬁ%wgﬂﬁyﬂgﬁﬁﬁé%ting the fluid being processed to the
emnul si fyyi i i i gl e size breaking-up or m xing
operatPbﬁgggﬁgFﬁﬁggg%ggfs g§g¢8type m xer, wherein the method

i ncl udes tihekabepst 8fator (m) calculating the total energy

dissipation rate: E a to estimate the mxer's particular running tine

and t heyr aduhber@firbatienhsl@e di aneters for the fluid being processed
whi ch are obtained during the mxer's particular running tine and
manuf ath,urMigintghenfeoes (i ncl udi ng diary products, drinks, etc.), the
phar maceuti cal medicines (including non-nedical drugs, etc.) or

cheni c3l : Plowuets (f3hcl udi ng cosnmetics, etc.) that contain the

desirable.resultin%éliquid drop di apeters. [0045] It should be
appr ecifat edonfigurafienlanendesntsessniBflent s (whi ch correspond to the

fluid , .babi d . powd i1k, .) that
u! flao&s)nflg%réﬁgnp({eep%%rd%ntF%(e):rmelr SQtOl‘ (m%C ) at are

K. : Configuration dependent term for the entire mixer



Fig. 4 is a diagram showi ng how the estimation testing results
obtained fromthe external circulation node rotor/stator type m xer
(the external circulation node m xer) can be used to estimate the
internal circulation node rotor/stator type m xer (internal

ci rcul a{0081 hodeheriixeehtion accordihg.to5Claimt ekeprsvides aalotbi/etsturptype
bet ween the processing (mxing) tinme and the resulting liquid drop

di amet mmetwdeﬁhedsmmsbnaamfrﬁlmeml thooughe, wherdipttdteomikgpean be
m xer; Fig. 6 represents the rel ationship between the total
ener gy sdaledi yax |oo“nscfaheé dpwar diydl cebeilaging tthagFgugdian ok disteilahelay sto
(particle size ﬁreaku p,trend) for the rotor/at tor type xer, for
whi ch efBmadeat SRS 908’@‘\‘?@&14 PhEUPRHRS JENFAY §§S‘t P iddrop

oo es ditmateit thaf G b Whtaiiqy 48Re Bt Bk phatiBlas Tont G time:
between the total energy dissipation rate: E a and the resulting

liquid d€gp=cﬁ'£ﬂﬂ£§rs (particle size breakup trend) for the
rotor/stator type m xer that has a different scale (size) fromthe

rotor/stat orﬁ{ e m xef |c@3§,he reI atA Hi(p gy vween t pe.,
processing ( (’Q“E”qum W 450
(particle size breakup tre e se el Fi 6" Fi‘g. 8

illustrates how the gap betmeen the rotor and t he stator will have an
effect on the resultlng l'iquid drop di a Fig. 9
i11ustrates. ffaw q# }eL ( th ghle) formed on the
stator will ave T ansét flect & res [ting 1ipuid drop dianeters;
Fig. 10 illustrates how t he nunber (opehing-td-area ratio) of the
openi ngs (holes) formed on the stator will have an effect on the
resul ting I|qU|dEgyogte)aneters Fig. 11 illustrates how the
per f or mance=i coul,d Jbe, att gi ned Huathoh® €Xi sting m xer of
the prior art g. 12 represents the relationship the running
(mxing) time and the resulting liquid drop dianeters (particle size
breakup trend) under the running conditions presented in Table 5 for
the smakphpgbye m xer; Fig. 13 represents the relationship
between the total energy dissipation rate: E a and the resulting
I|qU|d1ﬁq9@quagﬁb§gp (particle size breakup trend) under the running
condition presented in Table 5 for one | arge size m xer; Fi g.
14 represenTstalhmerghatissipahion teteweetisthe total energy dissipation
rate: E a and the resulting liquid drop diameters (particle, size

br eakupe § i badyl shekor striees iurthe rggipcbn@memhh@we‘sem statoTabine2/83X or
anther large sjze m xer; Fig.. 15 illus s one exanpl e of
the m xéer* gﬂPF enetgsrrdyssuéafémrre%anEbetsﬁetcrrot 12§13 tor type mxer

according, esent i Qvention, in which (a) is a perspective
Vi ew, H;’)@I%Q%IT gﬁp%"’@ﬁ? SAd (c) is a side view, Fig. 16 is an

expl od erspecti v i ew e rotor/stator type mxer including
the m i\g?&) ﬁlfmg’ \?/ﬁq\/ ge élg Fig. 17 illustrates another
m xer t_,tlnl Nﬁ&[%tﬁrrm‘yro%r fg}i%y(e}j by the rotor/stator type m xer

according to e presen |nvent|on
D : Diameter of rotor (m)

b : Thickness of rotor blade tip (m)

§ :Gap between rotor and stator (m)
ns : Number of stator holes ()

d : Diameter of stator hole (m)

1: Thickness of stator (m)

N : Number of rotations (I/s)

..10..



Fig. 18 illustrates the m xer unit shown in Fig. 17, in which (a) is
a bottomview and (b) is a perspective view of the m xer unit as

vi ewed diagonally in the downward direction with sonme parts being
omtted, Fig. 19 is a perspective view of still another m xer
unit enpl:oMedingytitde(g)ot or/ stator type m xer according to the present
invention in which the rotor and the stator are separated from each
ot her; V : Flow teitg.(m®) is a bottom view of another enbodi nent of the
m xer unit of the type illustrated in Fig. 19; Fig. 21 is a
per spedfs veonfigwrationrdenendentisrm 6h2k he type shown in Fig. 20 as

vi ewed _di agopally in the dowward directi Fig. 22

( n;
r epr es&nt SORRgUraipnfEneadent fesm B ﬁ%oﬁgn@brrpari ng the prior art
m xer and, the.inventive mxer in which.the respective relationships
bet vee i HEOR RRAGEPP P B orthoF Bt Yisgoaki 6 BYSSFT qui o dr op
di anet ef re sen . Fig. .23 resen he testin
resul t;lglb%ﬂedﬁglé 38%%%?1!0%9 AR d;lp ortoaptrlgﬁ%lxzﬁ %%8%%%3 iénvnélﬁ?lm% of
m xer i e r b PASH; .
and t neb e EE R, ERAREhRLE AoB Bl PIRUEmR Ui d® pEh LR By HBin
the teghbngtofethior BAIREr it ASBRHI 20 ahCold i3 CRiIn M XEroidth Bhigy
inventive mxer in which the respective relationshi ps between the
m Xi ng vhigh el flhdid beisg pro@ssvérisgeulljeatdddtslinhp shab@feing, aliepersing,
represented; Fig. 25 represents the testing results obtained by
conpar ipagtiche piieor brealamtg migeroranthikieg i npendtive, mwiereim whiechfobie,
respective relationshi ps between the nunber of rotor rotations and
t he st abdarmhataicali onediceneseppesehesrcal produdtpg.arge mepréacimredt ey
testing results optained by conparing the prigor art mxer and the
i nvent icab:lﬁﬁk@rg the %ﬂﬁﬁtlea) 1 lapteds bploy tipe eplanppde: the mbtests pashcplar
bet ween t he nunber of rotor rotations .and the flowrate,. (Q), .
Copr osdHp SRR RES pBl fiRe Pt G hE detint (ammeltts bbb durigeophat
rotatiqns d e.arivi . .and (c) represents the respective
rel ati ﬁ%?%@%%ﬂ%@gﬁ lﬁgllﬁg\rﬁér%' of rotor rotations and the driving
powers contributing to the enulsification; Fig. 27 represents
the resp&GtTv&, tte§ting results obtained by conparing the case where
the fluid being processed has been fed (added) directly into the

m Xi ng sectiof.in the jxnvgntiye m*per agai rbs’cns’tdf galyg wh eNi‘t;M S
not been fed=1té'd=déﬁ}4” Qh’& i ;ﬁ:@ FEs ] Qa; ) ed by
anal yzi ng the energy di ssipath n( ra nun¥rircal I'y rior “art
m xer and the inventive m xer. BEST MODE OF EMBODYI NG THE | NVENTI ON

[ 0047] In the present invention, the iE?EK tp | ed as the total
H

energy di ss_i_gWiQ rqgﬂ(e}nﬂio?p@t _,cgnl}a d fromthe foll ow ng
Equation 1 i¥% used %o dis s (cénpar r gstijmte) the particle size
breakup effect (particle size breakup trend) i'n the rotor/stator type
m xer: = EQ

Nt
=Kc-[ % mj s ¢ s o o o o Equationl

[0034]
In the Equation 1,
¢ o - Total energy dissipation rate (m2/s?)
e . - Local shear stress in the gap between the rotor and stator (m?/s3)
¢ s - Local energy dissipation rate in the stator (m2/s3)

Np : Number of powers ()

-11-



= kNp $ 7z- 2 n 2 d3 Arqd7C 2 ).ifiD3[( + 4t) .t",) nr 8(DD3+b 6))
4A4Ngd[n -1:12 + 48(D + 5)] V =KAl - Nqdg 2 ) nrl-[D 3 (K8
K,)11Ndv:tm) (N4 tm= K Equationl V

Nqd : Number of flow rates (-)
nr : Number of rotor blades ()
D : Diameter of rotor (m)
b : Thickness of rotor blade tip (m)

§ : Gap between rotor and stator (m)
ns : Number of stator holes (-)
d : Diameter of stator hole {(m)
1 : Thickness of stator (m)
N : Number of rotations (1/s)
tm : Mixing time (s)
V : Flow rate (m3)
K, : Configuration dependent term (m?2)
K, Configuration dependent term in stator (m2)
K. : Configuration dependent term for the entire mixer

[0035] The invention according to Claim 12 provides foods, pharmaceutical
medicines or chemical products that are manufactured by using the
manufacturing method as defined in Claim 11.

The present invention provides the advantages to be described below:

[0036] As one of the advantages, it may be understood that in the
rotor/stator type mixer that includes the stator having the plurality of
openings formed thereon and the rotor disposed inwardly of the stator and
spaced away from the stator with the specific gap, the present invention
proposes the mixer that is capable of improving the shearing stress applied to
the fluid being processed so that it can provide the higher performance, and
furthermore the present invention proposes the mixer that is capable of
changing or adjusting the shearing stress applied to the fluid being processed
and changing or adjusting the flow rate at which the fluid being processed is
allowed to flow in accordance with the changed or adjusted shearing stress.

[0037] As another of the advantages, it may be understood that the present

-12-



[0048] In the Equation 1, a Total energy dissipation rate (nR/se)
Local shear stress in the gap between the rotor and stator (nR/se) s
Local energy dissipation rate in the stator (n2/se) Np : Nunber of
powers (-) Ngd : Nunber of flowrates (-) nr : Nunber of rotor bl ades
0 D : bheertien aflowad othe( Migher Theehnasmoef modwstdibadeypd pmixgr 6o be
Gap between rotor and stator (m ns : Nunber of stator holes 0 d :

Di anet @lesitgnest hyoralinEeadvgntageTohi thaesmpoehsnaiver pérfprmansendsdimation
rotations (Vs). t. : Mxing time (s). : Fl ow_rate@%m&) Kg .

Conf i gumethosh thepenarrhe eephedndy all ofditie qizars of depsatioms foaxms jamd
stator (nR) . : Configuration dep,endfnt tern%for the entjre m xer

[ 0049] OPREALING Ut Ay APPEARAIEh el Gy afiarpade &8 watleas Ehg destgmanethod

ticl [ br.eak f.f . ticle,si b Kk t d) f th
e g e GRS SR AL oS L P F h lgh Be
' g i fied , if th th
CorP NSt By, UL o, momner, evem 11 here are (e

par ti culrapnsgyniA 84 tAPRNELOP ¢ RHBCLEPA NG dos B nBlF bbr uARSrdtB6d TR {1k
scale (size, etc.). [0050] As it nay be apparent” fromthe above

descri phb8dnt tidQchelodd ANRFIYLKHE SRoda! | Piarmhesuticl FRAYIREn&XPcREAAEA]
in terns of the sumof the |ocal shearing stress: E g occurring in

t he gaprbétieeeanthehs ldicoto dedmiadmfhotwredaby wedihgathd heéghec plerforedgyce
dissipation rate: E s for the stator. [0051] In the present

i nvent irotnr/stladonitype’ miyxer thatreavchboapabzed dby mailezingythie cemynehegsive
whet her the values for the form dependent termKe for_all of the

i xer s Pekifarmgrcqestama tion metbndors wiedl a8 iee desiga meshodr or smaller,

moasur | RGOSRE ds adcaane YuTorbaniostal drvrRRLaFhenAgcpabled G the

e e, Bl T LR, 2P P o

di ssi p%llné)r% ! fhCeadh Bf the mixers having the various forms and operating on any
appropriate circulation mode as offered from each of the manufacturing
companies may be computed individually from the measured values for the
geometrical sizes of the rotor and stator, the running powers and the fluid
flow rates. This total energy dissipation rate: ¢ s may be represented by the
two terms, such as the form dependent term and the running condition
dependent term for each of the mixers.

[0040] For example, when the performance for each mixer is estimated by
using the index called as the total energy dissipation rate: e a, the values
(greater or smaller) obtained from the form dependent term may be used to
estimate the mixer’s performance by determining the particle size trend for
the liquid drop diameters.

[0041] In order that each mixer can be scaled up or scaled down, the mixer
can be designed by using the measured values obtained from the form
dependent term and the running condition dependent term that are contained

as components of the total energy dissipation rate: ¢ 5 so that the two or more

.13.



[0052] As it nmay be apparent fromthe Equation 1 for deriving the
total energy dissipation rate: E a, the values for the form dependent
term Kg[nR1l for the gap may be determned fromthe gap: 6 [n], the
rotor's dianeter: D m and the thickness of the rotor's bl ade

tip: b[ diffeasngt raservdivadaeacen ytcord® wioh ecaahlothbrt he m xers. [ 0053]
The val ues for the form dependent term Ksﬁ;] for the stator may be
det er ni 168424 orBased nurther albdved Hingovarw 3t kol nowd evonize possibbp émidegsen
(hol es), on the stator:nsH, the stator's opening Shol e) di amater:d[nL,
the st dflevelop) fhe e highee prifopeence mider) thasorantles thohigher

[ bRt R e o S s e A P HE 30 SuBmbom o
t KcEnb1l .f Il of .th ' b t ' f t h
of i JPATIGHAFEINER hen et POR UFT SHF P aF S NpRIS FRRCFERBL B sod
r ot or l%]l[n . }{e-ﬁhest he rotor's dianeter:D[n], the form dependent

or e

t erm Kg gap and the form dependent term K5[n2] for the

st ator, h i . | 1
oy (VAN B RGBS B YRR ALl Mt ot

nunber 19ghbt xRS thahc@nRay R BoabHsHRASHP RRin S 4RRL kY shied via$ues
comonly used in the chem cal engineering field. This may be defi ned

as fol Ifowsthe [20D6] déFdlideht NerE3 (cQefffdiont)r ahet Maynusdespplied ot®rthe
rotations, D. mxer' dianeter) P=Np p N3 D5 ( p density,
N nuniperfomantoestiotaionmsetixd firxeacls mlixenebpegifically, thdpeeformanhe:
nunber of flow rates and the nunmber of driving powers are the )
non- di rengedhat dpesnmeet ceven the paslprmanterof/de exristingmixessyof sheprior

d the drivi ; d h i I i
ond (he Siaxt U8 Bz Y, Bue pvmsu e o s gl Besi
t Kr. for.al f. t:h 1 th i . f h. of th
ka8 U 5B DR R AR D 1, e
tor/ LV af i .
o S R DS YA ROISE S BUE L EBI R D BBBe
are or QAN (Phesi! 8ol nBOAIALIRNSAPAIY (RGLALILNEKELE Pllues)

the various types and forns can be estimted, and I gher
per f or mae Q14w kelkestalilisldddo desi gned (devel oped and fabricat ed)

accordingly. [0059] In accordance wth the present invention, the
Equati of a04b1] deln viadditibe, t thal peewngy idiveatioat i mrovidés: a anttladd of
has been di scussed above nmay be used to design those mnixers
(i ncl udnagufassuhingh éeodse nflamaceutitade ndicinegpebpmxiTel prodnetsgand the
dissipation rate: E a and the changes in the resulti %gq_l iquid drop.
di anet ke par sulestimg; the, fhaidy peing paoeessetdnto thewmulpibpaes dispersing,
obj ect of estimating.the particle size breakup, |'i qui,d that .
of mil aP2S I 5148 PiFHKInE U gY BEREARGTAHGRS ohtBe roloR/statRE type mixer,
si mul a th ir [ i ed.of mlk protein concentrates
( MPC, %@%r(ef‘gttg‘? #F@O(g?%ﬁéflﬁ%tﬁg;’g&%é%g d oil and water. The
conposi tion f At i -Tab : it »
Rt o of S miarAgHHE R PSRN A AR st Pt et TR Bl
ConcentyatRu{AMPENBiAY%ime and the resulting liquid drop diameters for the fluid
being processed which are obtained during the mixer’s particular running
time and
manufacturing the foods (including diary products, drinks, etc.), the
pharmaceutical medicines (including non-medical drugs, etc.) or chemical
products (including cosmetics, etc.) that contain the desirable resulting liquid

drop diameters.
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Rape Seed O 14.5% Water87.5% ' | bt aL100% Rati oPr ot ei n/ Wat er 9. 1%
Ql/Protein56.3% O | /Water5. 1% Properti esDensi ty1028 kg/ nB

Vi scosityls nPa-s [ 0061 ] The mixer's performance was esti mated by
studying the particle size breakup trend for the resulting liquid
drop di %muéds Enshbelddpeappeatiate bahias. ths mitevmons dhgpor@ntshérhich
external circulation node unit was prepared, and the liquid dr ogm

di anet epsraspotidetorittidl Buidhyoods, t abiek wrbppatt pewdersasurld eby.) Udiatgare
the laser diffraction type particle size analyzer (offered by Shinazu
Manuf ad®ap HaFteseghdyyusimgeihe ﬁ@thad@fovhmﬁezmo@yentl[onw%e the good
estimatjng the mxer's perfornmance by studying the particle.size

br eakuglavEn Gy RIABSFES AUALTR wﬁﬁlaslaﬁ%paeaaﬁ@t ghad fromcths: Ashest of
with the present inveni.io I t s.been found. that.that.it is_

G 111 cVETEE Rt TR HE it oatd SRS BR AemiR i PR ek 4 prgforable that
resul ti L Qui ' t. | thee.t: ' '

mode. mparb et M el RO B S Gl (s R R 1 gpocts

ci reul i ol REE Il XA m3AtkihBs; 1tis6hbRe prbldidbdd tRAL O WId¥EE sdited to
comon I n that as shown in Fig. 1, each of the two different node

M xer s g RRfdciase the Bbderitubithuéhthsie pheferdble thet 18 Meduld Favuit@d to
the plurality of openings 1 formed thereon and the rotor 3 di sposed

i nwar dnyantfdédtarst tiornidtritiodss pamgdnandy andamdides simidact® W tis trhest
specific gap 8 . Wien the performance is to estimated for the

i nt er ngiretinablé shavnt shoeldrb emjitednisr afaorefacturentlye batrtmmsecbmhbanents
the internal circulation node m xer conprises the m xer unit that

i ncl udedad daryRiedustatbat hayedhetnehivn ganesniaated compegitédmst ruct i on

assumption.  the perfor REAEY PESCREPEFON Rar BeREiNESon wode mi xer

v, SSULTRABS et DRl SIS 0Bk DR GRG0

e e RRgSR Yt gyRpfLe o6 Tor he i ee o fferent tupe mxers

Oto 0 N co tagnp ©0i10@strates the rotor/stator type mixer based on the external
circulation system (the external circulation mode mixer) and the rotor/stator
type mixer based on the internal circulation system (the internal circulation
mode mixer);

Fig. 3 is a diagram showing how the particle size breakup trend for the
resulting liquid drop diameters can be investigated;

Fig. 4 is a diagram showing how the estimation testing results
obtained from the external circulation mode rotor/stator type mixer (the
external circulation mode mixer) can be used to estimate the internal
circulation mode rotor/stator type mixer (internal circulation mode mixer);

Fig. 5 represents the relationship between the processing (mixing)
time and the resulting liquid drop diameters (particle size breakup trend) for
the rotor/stator type mixer;

Fig. 6 represents the relationship between the total energy dissipation

rate: ¢ o and the resulting liquid drop diameters (particle size breakup trend)
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N 8 O cc rtv's e. al5 L. A fra [0064] Each of the mxers A1
and A-2 has a capacity of 1.5 liters and is offered fromthe sane
manuf acturer except that they have the different sizes. [0065] In
Table 2, the gap volune: V 3 corresponds to the volune for the

for the rotor/stator type mixer for which the relationship between the

processing (mixing) time and the resulting liquid drop diameters (particle size
breakup trend) is represented in Fig. 5;

Fig. 7 represents the relationship between the total energy dissipation
rate: ¢ » and the resulting liquid drop diameters (particle size breakup trend)
for the rotor/stator type mixer that has a different scale (size) from the
rotor/stator type mixer for which the relationship between the processing
(mixing) time and the resulting liquid drop diameters (particle size breakup
trend) is represented in Fig. 6;

Fig. 8 illustrates how the gap between the rotor and the stator will
have an effect on the resulting liquid drop diameters;

Fig. 9 illustrates how the diameter of the opening (hole) formed on the
stator will have an effect on the resulting liquid drop diameters;

Fig. 10 illustrates how the number (opening-to-area ratio) of the
openings (holes) formed on the stator will have an effect on the resulting
liguid drop diameters;

Fig. 11 illustrates how the performance improvement could be attained
by the existing mixer of the prior art;

Fig. 12 represents the relationship the running (mixing) time and the
resulting liquid drop diameters (particle size breakup trend) under the
running conditions presented in Table 5 for the small size mixer;

Fig. 13 represents the relationship between the total energy
dissipation rate: ¢ » and the resulting liquid drop diameters (particle size
breakup trend) under the running condition presented in Table 5 for one large
size mixer;

Fig. 14 represents the relationship between the total energy
dissipation rate: ¢ » and the resulting liquid drop diameters (particle size
breakup trend) under the running condition presented in Table 5 for anther

large s1ze mixer;
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gap 8 in Fig. 1. [0066] The rotor 3 included in each of the m xers
A-1 and A-2 (each having the capacity of 1.5 liters) and B (having
the capacity of 9 liters) has the nunber of agitating blades which is
four for the mxers A-1, A-2 and B. [0067] The experi nental
condi ti ons aidgt be ilaktisitas edewalaneslef aff thich@itat ahiterlertgyadibese pployaal
rate: E a for those m xers are presented in Table 3. 000 00O
Cl P N &9 i@ 00®r/08tr reDuigeNa@Ording 20 the presenbinvaition?int whirl (a)
Cl P-1 co ..44

is a perspective view, (b) is a plan view and (c) is a side view;

Fig. 16 is an exploded perspective view of the rotor/stator type mixer
including the mixer unit shown in Fig. 15;

Fig. 17 illustrates another mixer unit that may be employed by the
rotor/stator type mixer according to the present invention;

Fig. 18 illustrates the mixer unit shown in Fig. 17, in which (a) is a
bottom view and (b) is a perspective view of the mixer unit as viewed
diagonally in the downward direction with some parts being omitted;

Fig. 19 is a perspective view of still another mixer unit employed by
the rotor/stator type mixer according to the present invention in which the
rotor and the stator are separated from each other;

Fig. 20 is a bottom view of another embodiment of the mixer unit of the
type illustrated in Fig. 19

Fig. 21 is a perspective view of the mixer unit of the type shown in Fig.
20 as viewed diagonally in the downward direction;

Fig. 22 represents the testing results obtained by comparing the prior
art mixer and the inventive mixer in which the respective relationships
between the mixing time and the resulting average liquid drop diameters are
represented;

Fig. 23 represents the testing results obtained by comparing the prior
art mixer and the inventive mixer in which the respective relationships
between the mixing time and the standard deviation are represented;

Fig. 24 represents the testing results obtained by comparing the prior
art mixer and the inventive mixer in which the respective relationships
between the mixing time and the resulting average liquid drop diameters are

represented;

Fig. 25 represents the testing results obtained by comparing the prior
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art mixer and the inventive mixer in which the respective relationships
between the number of rotor rotations and the standard deviation are
represented;

Fig. 26 represents the testing results obtained by comparing the prior
art mixer and the inventive mixer im which (a) represents the respective
relationships between the number of rotor rotations and the flow rate, (b)
represents the respective relationships between the number of rotor rotations
and the driving powers and (c) represents the respective relationships
between the number of rotor rotations and the driving powers contributing to
the emulsification:

Fig. 27 represents the respective testing results obtained by comparing
the case where the fluid being processed has been fed (added) directly into the
mixing section in the inventive mixer against the case where it has not been
fed (added); and

Fig. 28 represents the results obtained by analyzing the energy
dissipation rates numerically for the prior art mixer and the inventive mixer.

BEST MODE OF EMBODYING THE INVENTION
[0047] In the present invention, the index called as the total energy
dissipation rate: ¢ 4 that can be derived from the following Equation 1 is used
to discuss (compare or estimate) the particle size breakup effect (particle size

breakup trend) in the rotor/stator type mixer:
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iAlZ AO Pt -A 1cni (E [0068] As it is shown in Table 3, Kg /
(Kg+Ks) has the value of above 0.5, which nmeans that the form
dependent termKg in the gap is greater than the from dependent term
Ks in the stator. Wien the particle size breakup effects in the gap 5
and int openln (hole) 1 on the stator 2 are conpared for the

m xers A¥b A it has been found that the particle size breakup

effect in the m xer s gap gr eat e and pI ays, a dom na part
[0069] Fromt ze)o% :El n ézbl 3, ir med (@146 tei tNat!,, t}:‘w
he

particle size rPea s+ by rawh{,ghg? +a;$(yt¢5§1 5in
stator was snaller or t he er of rotatlons of he rotor was
greater. [0070] For the mxers A-1 and A-2 in Table 2, the

rel ati onshi p.between t sing (Q g) tY me under the runni ng
€1€sz I-I-ﬂqu#d drop di aneters

condi ti ons = A NTablN dar’a & jEB
(particle S|ze"brea7<up tren) is“preséntedVin Fig. 5. [0071] It has

been found that the resulting particle size breakup effect (particle
si ze breakup performance) exhibits the simlar trend to the estimated
val ue of E gskt hedvttd cal value) in Table 3 and is higher when the

m xer's gap~ s—r‘@‘l_ or al |+ nunberss of Haetgpilons. [0072] Wen the
resul ts obtai ned\by "t he/experinents are arranged with the processing
(mxing) tinme being plotted along the horizontal axis, it has been

found that the change in the resulting liquid drop dianeters (the

particl §0848¢ breakup trend for the l'iquid drops) cannot be expressed
(estimated) conprehensively or in the unified manner. [0073] For the
m xer s In-theahduati®eni b Tabl e 2, however, the relationship between the
total energy dissipation rate: E a pro sed by the present invention
and t hef Pesi‘?’tq Liegarggudig ’d’raétprﬂi’%tr?e{)’% (parti cle size breakup trend)

h | i th
he 1ot GREPLSRGTESRSaT oPhPdias DECROGRING THreh 150 rg (RYS)
hor i zon{ al éhfgngt‘@ Bl Fatibh /A28 1RERR LAY txg.r}st» he changes in the

result|n§ -qui ers (particle size eakup trend for the

l'i qui dpdr oORSIME@P o PSofreRE €9sed (estl mat ed) conprehensively or in the
uni fi eNmnner. f g874 f pecifically, it has been found that the

resul tiNed | NivwnBed @@t 2BRdL(-3 W Il follow the simlar trend of
decreasi ng under the different running conditions (such as the

di f f er enc&Numbelreofnotbeblades G} ati ons and the nixing tinme) and even
if the m xers may have different forns (such as the differences in
the si Z¢: Shantrdenay rétantnl he di ameter of the rotor 3). [ 0075 ] In
ot her words, it has been caonfir that the total energy dissipation
rate: P gl’pﬁbﬂ?@ﬁagffﬁ@rlmééﬁ tmgga may be used to estimate the

per f or the rotot/stator, ty m xer by taking account of the
g%ﬁ @aﬂﬂob% R

differ tméeerrhﬁ?ﬁoﬁga and form [0076] Next, for the
m xer the ye] atipnship between the total energy
di ssi pé’t*l O%ﬁtgt?)ﬁ'h iégs'ge@)by the present invention and the

resul t'dngD!Léﬂgtgr ggQ&Fﬂt NEL e{naa( particle size breakup trend) is

presented in S been found that the resulting

l'i qui dldrmcghgggt)%@aﬂyrl(h)depend upon the values for the total
ener gy di ssipation rate: a, ever if there are differences in the

m xer' &\Isu\z@nbek(b@}&aﬂlgngﬁysbe apparent fromFig. 6 and Fig. 7 that
the particle size breakup WI Il exhibit the same trend regardl ess of
t he di ftherMigieng tinddh&)ni xer' s si ze.

V : Flow rate (m3)

K, : Configuration dependent term (m2)

K Configuration dependent term in stator (m?2)

K. : Configuration dependent term for the entire mixer
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[ 0078 ] (Estimation of the Mxer using the Total Energy D ssipation
Rate: F a) In the follow ng description, the estimation of the
rotor/stator type m xer using the Equation 1 of the present invention
for deriving the total energy dissipation rate: F a, that is, the

estimat {00401 SDE& uBexs thisitbgalt decsr Biselgation aalps eak uplosfd €led pairtiele
particle size breakup trend) will be discussed. [0079] In the case
wher e tshar dbrankugi tffecer{pasticle she direekap tiemd)aforbehsvaeriot/etatoot type
and the stator, in the size of the opening (hole) (hole dianeter) on
the stanimeroto ihe dhscissed Comparespeni exfifaded) cotdmrememserelyfof in the
holes), the effect that each factor (each iten) nmay have on the
per f or vaifiedomannemioven i theteparpdde differsndpsr 1 ithg pazer fefosm, . the

The sunmary o{_qthe i nfQrmation re?ardl ng.the sé%tor t hat was used for)

this vetaiIEiqrgy the Bisehnmadticiian phaning cppaD (PrackesDg Mmk ik

of the p%[) or mance, of LEhF'aCt%ii%l m xer, the values of Kc / Kstd
obt ai néd DY NBER F RS 1HEf r?Tdependent termfor each of the

I R R e S CRL

0 01 RIS Bl S et A s BEhoning
stress! ¢ ¢ occurring in the gap between the stator and the rotor as well as the
local energy dissipation rate: = s for the stator.

[0051] In the present invention, the mixer’s performance may be estimated
by determining whether the values for the form dependent term:K. for all of
the mixers that are unique for each of the mixers are greater or smaller, in
which the values for the form dependent term:K. can be obtained by
measuring the sizes of the rotor and stator, the driving power required for the
mixer’ running and the flow rate, all of which are components in the Equation
1 for deriving the total energy dissipation rate: ¢ a.

[0052] As it may be apparent from. the Equation 1 for deriving the total
energy dissipation rate: ¢ 5, the values for the form dependent term:Kg[m?] for
the gap may be determined from the gap: § [m], the rotor’s diameter:D[m] and
the thickness of the rotor’s blade tip:b[ml, and those values are unique for
each of the mixers.

[0053] The values for the form dependent term:Ks[m?2] for the stator may be
determined from the number of flow rates:Nga[-], the number of openings
(holes) on the stator:ns[-], the stator’s opening (hole) diameter:d[m], the
stator’s thickness:1[m], the gap between the rotor and stator:§ [m] and the
rotor’s diameter:D[m], and those values are also unique for each of the mixers.

[0054] The values for the form dependent term:K.Im?] for all of the mixers

may be determined from the number of driving powers:Np[-], the number of
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flow rates:Nqa[-], the number of rotor blades:n,[-], the rotor’s diameter:D[ml],
the form dependent term:K¢[m?lfor the gap and the form dependent
term:Ks[m2] for the stator, and those values are also unique for each of the
mixers.

[0055] It is noted that the number of driving powers:Npl[-] and the number
of flow rates:Nqal-] are the non-dimensional quantity that is commonly used in
the chemical engineering field. This may be defined as follows:

[0056] Q=Ng4*+ N - D3 (Q: flow rate, N: number of rotor rotations, D* mixer’
diameter)

P=Np* p + N3.D5 (p: density, N: number of rotor rotations, D:
mixer’s diameter)

Namely, the number of flow rates and the number of driving powers
are the non-dimensional quantities that may be derived from the flow rates
and the driving powers that are measured on the experimental basis,
respectively.

[0057] Specifically, the values for the form dependent term:K. for all of the
mixers are the unique values for each of the mixers that can be obtained by
measuring the sizes of the rotor/stator as well as the driving powers and flow
rates during the running time.

[0058] By comparing (evaluating) whether the values are greater or smaller,
the performances for each of the mixers of the various types and forms can be
estimated, and the higher performance mixers can also designed (developed
and fabricated) accordingly.

[0059] In accordance with the present invention, the Equation 1 for deriving
the total energy dissipation rate’ ¢ , that has been discussed above may be
used to design those mixers (including the higher performance mixers).

[0060] <Total energy dissipation rate: : 5 and the changes in the resulting
liguid drop diameter (particle size breakup trend for the liquid drops)>

As an object of estimating the particle size breakup, a liquid that
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simulates a dairy product has been prepared. This liquid that simulates the
dairy product is composed of milk protein concentrates (MPC, TMP (Total
Milk Protein)), rapeseed oil and water. The composition and ratio are

presented in Table 1.

Table 1 Composition Ratic of Simulated Liquid for Milk Product

Composition  Milk Product Concentrate (MPC) 8.0%
Rape Seed Oil 4.5%

_ Water | 87.5%

Total. 100%

Ratio Protein/Water 9.1%
Oil/Protein \ 56.3%

OEJ/Water 5.1%

Properties  Density 1028 kg/m®
Viscosity 15 mPa-s

[0061] The mixer’s performance was estimated by studying the particle size
breakup trend for the resulting liquid drop diameters on the experimental
basis. As shown in Fig. 3, the external circulation mode unit Wés prepared,
and the liquid drop diameters on the middle way of the fluid path was
measured by using the laser diffraction type particle size analyzer (offered by
Shimazu Manufacturing Company under the name of SALD-2000).

[0062] In estimating the mixer’s performance by studying the particle size
breakup trend for the resulting liquid drop diameters in accordance with the
present invention, it has been found that that it is difficult to measure the
particle size breakup trend for the resulting liquid drop diameters by using
the internal circulation mode mixer. It has also been found, however, that both
the external circulation mode mixer and the internal circulation mode mixer
are common in that as shown in Fig. 1, each of the two different mode mixers
comprises the mixer unit 4 that includes the mixer 2 having the plurality of

openings 1 formed thereon and the rotor 3 disposed inwardly of the stator 2
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and spaced away from the stator 2 with the specific gap 6§ . When the
performance is to estimated for the internal circulation mode mixer, therefore,
it may be assumed that the internal circulation mode mixer comprises the
mixer unit that includes the rotor/stator having the same size, form and
construction as the mixer unit in the external circulation mode mixer. Under
this assumption, the performance for the internal circulation mode mixer was
estimated by using the testing results ocbtained by estimating the performance
for the external circulation mode mixer.

[0063] Then, the performances were estimated for the three different type

mixers. The summary of each of those mixers is presented in Table 2.

.23.



D aneter of Rotor
the Gap between Rotor and Stator)
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[ 0090] (Effect
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Maximum Number of Rotati

Maximum Motor D;

Rotor Diameter

Number of Openings.

Size of Gap
Volume of Gap

[0064] Each of the mixers A-1 and A-2 has a capacity of 1.5 liters and is

offered from the same manufacturer except that they have the different sizes.

[0065] In Table 2, the gap volume: v s corresponds to the volume for the
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The results obtained by verifying the effect of the nunber of the
stator's opening (hole) are presented in Fig. 10. [0091] Based on
the Equation 1 of the present invention for deriving the total energy
dissipation rate: F a, the particle size breakup effect (particle

si ze bregkupntFend) for the m xer was cal culated. Fromthis
calculation, it has been estimted that the value of Ke / Kstd

(t heor e P886] vaT e yotwouB dntladedengeadt of tlas nikerndnbemddA - pemimpeving
(holes) on the stator is greater. [ 0092] Based on the results

obt ai néhebsanamtaafubid Sitprs)i andt B, (mavingethe mapastd of ¢hditers): hapethe
Si ze break ef.fect for the m xer was calculated. Fromthis

cal cul AHBREY R CRN IR A e r Bikgie A kérd 3t Bual
nmeasur e e)mwwoul d becone ,greater as .t nunpe f. openi_ngs

(hor s, 8By e RS fiPePEseiBu bR fond Sk PTG B PRI 4 s cos!
openin hol - for t st at ' : . fitd C ize

br eaku%%gwggﬁg%l t§1 Ogefr}aecgo%faif?%échgﬁ(g/al%tg%g%? p?Eg‘%r&%ﬁemt ?glr)] :?z's t he
same both for the actual neasured value and for the theoretical
value. And it has been proved both theoretically and experinentally
that the m xer's performance woul d becone hi gher as the nunber of
openi ngs (holes) on the stator becones greater. [0094]1t should be
noted that the effect of the nunber of openings (holes) on the stator
is greater than the effect of the gap between the rotor and the
stator. [0095] (Performance |Inprovenent Effect for the Existing
(commercial) M xer) Based on the Equation 1 of the present
invention for deriving the total energy dissipation rate: E a, the
performances of the mxers that have been offered by the S company
and the A conpany were conpared. The results obtained by this
conparison are presented in Fig. 11. Based on the m xer's design

nmet hod (concept idea) of the present invention, the forns for both

m xers have been changed and then how the respective perfornmances for
those m xers would be inproved by this change has been estimated.
The results obtained by this estimation are also presented in Fig.
11. Fromthose results, it has been found that although the m xers
fromthe S conpany and the A conpany include the different dianeter
rotor or stator, respectively, the sane index may be used to estimte
the respective performances for those different m xers. [0096] For
the m xers fromthe S conpany (having the rotor diameter D of 400nm,
for exanple, the gap 6 between the rotor and the stator can be
decreased from2mmto O0.5mm The nunber of the stator's openings
(opening-to-area ratio) ns can be increased from12%to 40% It can
be thought, therefore, that by decreasing the stator's opening
dianeter d from4mmto 3mm the particle size breakup effect or

enul sification effect (performance) nmay be inproved by a factor of
about 3.5. This neans that the current processing (running) tine can
be reduced considerably, that is, by the order of 30% [0097] For
the m xers fromthe A conpany (having the rotor diameter D of 350nm,
on the other hand, the gap 6 between the rotor and the stator can be
decreased fromO.7mm to 115mm The nunber of the stator's openings
(opening-to-area ratio) ns can be increased from25%to 40% It can
be thought, therefore, that by decreasing the stator's opening
dianeter d from4mmto 3mm the particle size breakup effect or

enmul sification effect (performance) may be inproved by a factor of
about 2.0. This neans that the current processing (running) tinme can
be reduced considerably, that is, by the order of 50% [0098] (Form
and Design of Hi gh Performance M xer) The hi gh perfornmance

m xer proposed by the present invention is constructed such that the
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[01011 In the high performance m xer proposed by the present

i nvention,

bei ng processed directly into the m xi ng section.
coupled with the nmultistage m xi ng section descri bed above can

achi eve the higher performance.
t he hi gh performance m xer proposed by the present

a mechanismis provided for injecting (adding) the fluid

Thi s mechani sm

[0102] The form and construction of

i nvention are

defined by ugimg, as the reference infornmation, the perfornmance
estimation basé¢d o he valyes of the total «gnergy dissipation rate:
E a that can dgr Rved fmnm:the tion g gf the present invention
as wel | as thg{re®ufts obfained by verifyi#gat hos¢ val ues. The design

of the high
t he summary

to 18. [0103} (Mving Stator)

m xer is use@d {o dissolve (prepare) a powdery nat
material into prepared |liquid, thereby nmanufact
product, anyjgfseous substance (such as air) that
t oget her w t Sf hecpewder y«ted ef i al- woub d calsesf i
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r a: Average shearing power Ss: Shearing area [n2] Average shearing
driving power: -ca = Ph/ Q Ph: Emulsify contributory power [kW Q
Flow rate [nB / hl Enmulsify driving power dissipation: Ph JkW = P. -
Pp Pn: Net driving power [KW Pp: Punp driving power [kW Shearing
frequendp068¢, hA§ it fis show1f s Tubldl 3, Ky / f&+ KNUrhar thod vatws of ‘'abokel &5,
[ No] nr: Nunber of rotor blades [No] N: Nunber of rotations [1 / s]
n, : Stvehieh meholsethadl theeforms deBhrdenhgeamed; 1Sshprgdp s Sdeateslth8a: the
Hol e sectional. area SL: Hole area Hole Sectional. Area: Sa [n2] =t
| 4 d2 from dependent term Ksin the stator. When the particle size breakup effects
in the gap § and in the opening (hole) 1 on the stator 2 are compared for the
mixers A-1 and A-2, it has been found that the particle size breakup effect in
the mixer’s gap 0 is greater and plays a dominant part.

{0069] From the values of ¢, in Table 3, it was estimated that the particle
size breakup effect would become higher as the gap § in the stator was
smaller or the number of rotations of he rotor 3 was greater.

[0070] For the mixers A-1 and A-2 in Table 2, the relationship between the
processing (mixing) time under the running conditions in Table 3 and the
resulting liquid drop diameters (particle size breakup trend) is presented in
Fig. 5.

[0071] It has been found that the resulting particle size breakup effect
(particle size breakup performance) exhibits the similar trend to the
estimated value of ¢ o (theoretical value) in Table 3 and is higher when the
mixer’s gap 0 1is small for all numbers of rotations.

[0072] When the results obtained by the experiments are arranged with the
processing {mixing) time being plotted along the horizontal axis, it has been
found that the change in the resulting liquid drop diameters (the particle size
breakup trend for the liquid drops) cannot be expressed (estimated)
comprehensively or in the unified manner.

[0073] For the mixers A-1 and A-2 in Table 2, however, the relationship
between the total energy dissipation rate:ea, proposed by the present
invention and the resulting liquid drop diameters (particle size breakup
trend) is presented in Fig. 6. When the experiment results are arranged with
the total energy dissipation rate: ¢ 5 being plotted along the horizontal axis,

therefore, it has been found that the changes in the resulting liquid drop

diameters (particle size breakup trend for the liquid drops) can be expressed
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[0116] Table 5 presents the results obtained by cal culating the total
energy dissipation rate: E a when only the shape of the opening
formed on the stator is changed (such as the round, square or
rectangul ar shape) while the other conditions remain to be unchanged.
"] i beghO@EHED (&stimaled ZOTBRE05dmm 8y HFOtNe liGIdin htive 38R rihpctiee
I39EO0 1i3 A 1700*0

stator that was used for this verification is presented in Table 4.

[0080] In the estimation of the performance of the actual mixer, the values
of K. / Kstd obtained by normalizing the form dependent term for each of the
entire mixers with K. of the stator No. 3 (standard stator) were used. This

means that the particle size breakup effect will become higher as the value of

K./ Kstd 1s increased.

Table4 Summary of Stator

N ofc‘)penilt RatoofOpening] Gap
O.

[mm] [%] [mm]

1 1.5

2 2 24 1

3 4

4 6

5 4 12 1

6 35

7 4 24 0.5

8 2

Diameter of Rotor : 198mm
Number of Rotor’s Blades @ 6

[0081] (Effect of the Gap between Rotor and Stator)

The results obtained by verifying the effect of the gap between the
rotor and the stator is presented in Fig. 8.

[0082] Based on the Equation 1 of the present invention for deriving the
total energy dissipation rate: ¢ 5, the particle size breakup effect (particle size
breakup trend) for the mixer was calculated. From this calculation, it was
estimated that the value of K. / Kstd (theoretical value) would become greater
as the gap between the rotor and the stator was smaller.

[0083] Based on the results obtained by the actual experiments, on the

other hand, the particle size breakup effect for the mixer was calculated. From

this calculation, it has been found that the value of K./ Kstd (actual measured
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value) would be increasing as the gap becomes smaller.

[0084] That the gap between the rotor and the stator is related to the
resulting liquid drop diameters has been confirmed by the fact that the trend
is the same both for the actual measured value and for the theoretical value.
And it has been proved both theoretically and experimentally that the mixer’s
performance would become higher as the gap becomes smaller.

[0085] (Effect of Stator’s Opening (hole) Diameter)

The results obtained by verifying the effect of the stator’s opening
(hole) diameter is presented in Fig. 9.

[0086] Based on the Equation 1 of the present invention for deriving the
total energy dissipation rate: ¢ 4, the particle size breakup effect (particle size
breakup trend) for the mixer was calculated. From this calculation, it has
been estimated that the value of K. / Kstd (theoretical value) would become
greater as the stator’s opening (hole) diameter becomes smaller.

[0087] Based on the results obtained by the actual experiments, on the
other hand, the particle size breakup effect for the mixer was calculated. From
this calculation, it has been found that the value of K. / Kstd (theoretical
value) would become greater as the stator’s opening (hole) diameter becomes
smaller.

[0088] The fact that the stator’s opening (hole) diameter is related to the
particle size breakup effect has been confirmed by the fact that the trend is
the same both for the actual measured value and for the theoretical value.
And it has been proved both theoretically and experimentally that the mixer’s
performance would become higher as the stator’s opening (hole) diameter
becomes smaller.

[0089] It should be noted that the effect of the stator’ opening (hole)
diameter is greater than the effect of the gap between the rotor and the stator.

[0090] (Effect of the number of stator’s opening (hole) (opening-to-area

ratio)
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The results obtained by verifying the effect of the number of the
stator’s opening (hole) are presented in Fig. 10.

[0091] Based on the Equation 1 of the present invention for deriving the
total energy dissipation rate: ¢ 4, the particle size breakup effect (particle size
breakup trend) for the mixer was calculated. From this calculation, it has
been estimated that the value of K. / Kstd (theoretical value) would become
greater as the number of openings (holes) on the stator is greater.

[0092] Based on the results obtained by the actual experiments, on the
other hand, the particle size breakup effect for the mixer was calculated. From
this calculation, it has been found that the value of K./ Kstd (actual measured
value) would become greater as the number of openings (holes) on the stator is
greater.

[0093] The fact that the number of openings (holes) for the stator is related
to the particle size breakup effect has been confirmed by the fact that the
trend is the same both for the actual measured value and for the theoretical
value. And it has been proved both theoretically and experimentally that the
mixer’s performance would become higher as the number of openings (holes)
on the stator becomes greater.

[0094] It should be noted that the effect of the number of openings (holes)
on the stator is greater than the effect of the gap between the rotor and the
stator.

[0095] (Performance Improvement Effect for the Existing (commercial)
Mixer)

Based on the Equation 1 of the present invention for deriving the total
energy dissipation rate: ¢ 5, the performances of the mixers that have been
offered by the S company and the A company were compared. The results
obtained by this comparison are presented in Fig. 11. Based on the mixer’s
design method (concept idea) of the present invention, the forms for both

mixers have been changed and then how the respective performances for those
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mixers would be improved by this change has been estimated. The results
obtained by this estimation are also presented in Fig. 11. From those results,
it has been found that although the mixers from the S company and the A
company include the different diameter rotor or stator, respectively, the same
index may be used to estimate the respective performances for those different
mixers.

[0096] For the mixers from the S company (having the rotor diameter D of
400mm), for example, the gap § between the rotor and the stator can be
decreased from 2mm to 0.5mm. The number of the stator’s openings
(opening-to-area ratio) ns can be increased from 12% to 40%. It can be thought,
therefore, that by decreasing the stator’s opening diameter d from 4mm to
3mm, the particle size breakup effect or emulsification effect (performance)
may be improved by a factor of about 3.5. This means that the current
processing (running) time can be reduced considerably, that is, by the order of
30%.

[0097] TFor the mixers from the A company (having the rotor diameter D of
350mm), on the other hand, the gap 6 between the rotor and the stator can be
decreased from 0.7mm to 0.5mm. The number of the stator’s openings
(opening-to-area ratio) ns can be increased from 25% to 40%. It can bhe thought,
therefore, that by decreasing the stator’s opening diameter d from 4mm to
3mm, the particle size breakup effect or emulsification effect (performance)
may be improved by a factor of about 2.0. This means that the current
processing (running) time can be reduced considerably, that is, by the order of
50%.

[0098] (Form and Design of High Performance Mixer)

The high performance mixer proposed by the present invention is
constructed such that the rotor that is disposed inwardly of the stator and
spaced away from the stator with a specific gap has the rotor peripheral wall

that is located inwardly radially of the stator peripheral wall so that it can
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face opposite the inside of the stator peripheral wall in which the rotor
peripheral wall has a plurality of openings (holes) formed thereon. By this
construction, the shearing stress applied to the fluid being processed can be
improved so that the high performance can achieved.

[0099] In the high performance mixer thus constructed, a multistage (two or
more stages) mixing section that is composed of a mixing portion located
inwardly radially and a mixing portion located outwardly radially will be
formed when the rotor is rotated. This multistage mixing section thus formed
can improve the shearing stress applied to the fluid being processed, thereby
achieving the high performance.

[0100] In the high performance mixer proposed by the present invention,
furthermore, the stator and the rotor can be moving closer to or farther away
from each other in the direction in which the rotary shaft of the rotor extends
so that the gap or spacing between the rotor and the stator can be adjusted or
changed while the rotor is being rotated. Thus, the shearing stress applied to
the fluid being processed can also be changed or adjusted or the rate flow at
which the fluid being processed flows can also be changed or adjusted.

[0101] In the high performance mixer proposed by the present invention, a
mechanism is provided for injecting (adding) the fluid being processed directly
into the mixing section. This mechanism coupled with the multistage mixing
section described above can achieve the higher performance.

[0102) The form and construction of the high performance mixer proposed
by the present invention are defined by using, as the reference information,
the performance estimation based on the values of the total energy dissipation
rate’ ¢ » that can be derived from the Equation 1 of the present invention as
well as the results obtained by verifying those values. The design of the high
performance mixer is based on the above definition, and the summary of the
information of the mixers is presented in Figs. 12 to 18.

[0103] (Moving Stator)
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exi sting m xer and the novel m xer proposed by the present invention
i n refehance ey ttheprodspeding @aif babbiesisateebppesesdsed, ntisTdbsieable that
A radc?;i)lg n)éixer should include such mechanism. At the initial stage of dissolving
the powdery material, the stator may be moving away from the rotor so that
the powdery material can be diffused quickly into the prepared liquid without
causing the high energy to be dissipated. Then, the stator may be brought
closer to the rotor. Indeed, this will provide the better procedure for dissolving,
particle size breaking up and emulsifying.
[0105] (Multistage Homogenizer)
As described above, it has been confirmed that the particle size
breakup or emulsification performance (effect) would become better as the
total energy dissipation rate: ¢ o for deriving the Equation 1 of the present

invention becomes greater.

[0106] Here, the value for the total energy dissipation rate:¢ , may be
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defined in terms of the product of the local energy dissipation rate: ¢ 1, and the
shearing frequency: fsn. In order to increase the shearing frequency:fsp, it can
be thought that it would be more effective that the multistage stator should be
provided in the particle size breakup or emulsification process. In other words,
the effective way would be that the mixer should have the two or more stage
configuration so that the high performance can be achieved.
[0107] Here, the local energy dissipation rate:¢1 and the shearing
frequency: fs» may be defined as follows:
{0108] Local energy dissipation rate: ¢ L [m%s3]=F. U/ p v
Fa: Average driving power [NI]
U: Blade forward end speed [m / s]
o : Density [kg / m?]
Average driving power: Fp [N] = 7, Ss
T a+ Average shearing power
Ss: Shearing area [m?]
Average shearing driving power: 7 ,=Pn/Q
Phn: Emulsify contributory power [kW]
Q: Flow rate [m3 / hl
Emulsify driving power dissipation: Pn JkW] = Py - P,
Pn: Net driving power [kW]
P, Pump driving power [kW1]
Shearing frequency: fon [1/s] =nsny N/ n,
ns : Number of stator’s holes [No]
n:: Number of rotor blades [No]
N: Number of rotations [1/ s]
n,: Stator’s hole volume [m3]
Shearing area’ Ss [m?2] = Sa+ S,
Sa: Hole sectional. area

S Hole area
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Hole Sectional. Area: Sq [m2] = = /4 d2
d: Stator’s hole diameter [m]
Hole area® Sy, [m2] = = d L
L: Stator’s thickness [m]
(Direct Injection)

From the mixer’s performance estimation based on the index that is
the total energy dissipation rate!:, derived from the Equation 1 of the
present invention as well as the results obtained by this estimation, it has
been found that the particle size breakup and emulsifying performance
(effect) will be affected mainly by the diameter and number of openings (holes)
on the stator (opening-to-area ratio).

[0109] Then, the emulsification and diffusion can be accomplished more
effectively by feeding any oils, insoluble component or trace components
directly into the mixing section provided in the mixer. Particularly, the oils or
the like may be fed directly into the first stage stator (stator located inwardly
radially) where the preliminary emulsification may take place), and then may
be fed into the second stage stator (stator located outwardly radially) where
the final emulsification followed by the diffusion may take place.

[0110] (Form of High Performance Mixer)

From the mixer’s performance estimation based on the index that is
the total energy dissipation rate’¢ . derived from the Equation 1 of the
present invention as well as the results obtained by this estimation, it has
been found that the mixer’s performance will become higher when the
diameter of the opening (hole) on the stator is as small as possible, the
number of the openings is as small as possible, and the gap between the rotor
and the stator is as small as possible. In addition, it has been found that the
shearing frequency will become higher as the number of rotor’s blades 1s
greater.

[0111] As described above, the particle size breakup or emulsification
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performance (effect) will become better as the gap between the rotor and the
stator is smaller. During the current verification experiment process, however,
it has been found that the gap will not affect the particle size breakup or
emulsification performance (effect) more than the diameter or number of
openings.

[0112] Rather, it has also been found that the gap which is smaller may
produce the risk that the rotor and the stator may engage each other. For the
mixer that includes the mechanism for allowing the stator to be moving, the
stator can be made to move closer to the rotor along the direction in which the
rotor’s rotary shaft extends while the mixer is running. It is sufficient,
therefore, that the clearance is equal to the order of 0.5 to Imm. From the
aspect of avoiding the risk that the rotor and the stator might engage each
other, the clearance should not be less than 0.5mm.

[0113] In the current experiment to verify the above fact, it has been found
that there will be a risk that the powdery material might clog the gap if the
stator’s opening has the diameter of less than 2mm. In order that the powdery
material can be dissolved and emulsified at the same time, therefore, the
stator’ opening should have the diameter of 2 to 4mm.

[0114] Although the shearing frequency will become higher as the number
of openings (opening-to-area ratio) on the stator becomes greater, on the other
hand, this may raise 1_:he problem regarding the strength of the stator’s
opening. In many cases, it is general that the opening-to-area ratio of 18% to
36% is adopted in the prior art. In the current experiment to verify the above
fact, it has been found that it is preferable that the opening-to-area ratio
should be equal to above 15%, it is more preferable that it should be equal to
above 20%, it is much more preferable that it should be equal to above 30%, it
is preferable that it is most preferable that it should be equal to above 40%,
and it is the most preferable that it should be equal to 40% to 50%.

[0115] (The Best Form of Stator’ Opening when Openings are compared for
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of "Moving Stator", "Miltistage Honogenizer" and "Direct |njection”

that haue Hees CaHasIidetdicard eheRhm ORHdiAR-tot ArdS RRgld)eved t hat
the m xers that have the best stator configuration (gap, hole

di anet er, opétispetterahas thatfoem tbdtle stepek @phihbehbbstshmtldrhave the
configuration (nunber of blades and bl ade w dth) which have been set
as det epmndeldkeshagpleyewtatheEcamprloke sbdpey It he knossenhat thenlocahenergy
provi de the nmuch higher enulsification and particle size breakup

per f or FAAEPELIORF ok )L, is poepertionel te(thei Preaiing rrededh. thdollews| from

di ssj pat i te: E t hat y.b bt ai_.ned the E ti g .
AL e MK N A N TR
o <ol HER e MR AL Dl B TR PR B it i
core 0l A2 Tl or BT A0S LTS P LR

(such %ﬁ]a?ﬁ’ogrf@e C%nglzﬁglagez to IOm), and the stator 2 has a great

nunber of openi ngsl sy 1 forned thereon (such as ns > 20, E. G

n2 = 50[0a16900 abldHipteddits 3R0RsGRAGHLh OS] bY RalAAkt i BCRTal @hergy
those three different m xers have been conpared. [0125] In the above
exam nalis€ipatioverdtequidvhériondy nhié ahapearf thieapeningdonhednt tiasstdter is
conposition ratio in Table 1 has been used to estimte the particle

si ze brhakiged fsichhesntlienréigd, 3gunhe mxtrectaalgudar chlage) onhiedéhaimither
has been provided, and the particle size breakup trend for the

resul t icagditigns demaop toikmenehangede been investigated and estinated
by nmeasuring the resulting liquid drop dianmeter on the m ddl e way of
the fluid path using the laser diffraction type particle size

anal yzer (offered by Shimazu Manufacturing Conpany under the name of
SALD- 2000) .
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[0126] In this exam nation, the mxer D (the capacity of 100 liters),
the m xer D (the capacity of 500 liters) and the mxer E (the
capacity of 10 kilo liters) have been used, the summary of which is
presented in Table 7. Those three different mxers are offered by the
sanme manufacturer, and are comercially.,available. In this

exam nation, the mixer Cincludes five Bifferent type mxers (Stator
No. 1 to 5), each having a different gaﬁ 8 and a different nunber of
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[0117] Specifically, the number of openings (holes) will become greater for
the round and square shapes than for the comb (rectangular section) shape,
and the shearing aria will be increased accordingly. From this, it follows that
the total energy dissipation rate: ¢ , will also become higher, which means

that the mixer’s particle size breakup and emulsification performance will be
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improved when the opening has the round or square shape.

[0118] From the comparison of the factors for the different forms in Table 5,
it can be thought that the performance is equivalent for the square and round
shapes. Because the square shape needs more labor when it is worked,
however, the round cross-section is considered to be the best from the aspects
of the particle size breakup or emulsification performance provided by the
mixer and from the aspect of the workability of the shape.

{0119] (Number of Rotor’s Agitating Blades)

From the standpoint of the higher shearing frequency, it will be better
that the number of rotor’s agitating blades should be great. If the outlet flow
rate is reduced, however, there are some cases in which the particle size
breakup or emulsification performance (effect) may be decreased because the
frequency with which the fluid will circulate within the tank is decreased. The
theoretical equation as defined above shows that the total energy dissipation
rate: ¢ o will become higher as the number of rotor’s agitating blades is greater.
Generally, the number of rotor’s agitating blades 1s six, but if the number is
simply eight (8), it will provide the particle size breakup or emulsificétion
performance (effect) that is enhanced by the factor of 1.3.

[0120] (Mixer’s Scale-up)

Through the experiments conducted for the verification purposes and
by applying the index (theory) proposed by the present invention, it has been
found that the mixer’s scale-up method can be utilized as a useful tool. In
particular, this scale-up method provides the useful tool when the processing
(manufacturing) time is considered.

[0121] (Comparison between Existing Mixer and Novel Mixer)

The results obtained by comparing the typical existing mixer and the
novel mixer proposed by the present invention in reference to the respective

features are presented in Table 6.
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5 [0127] In Table 7, the opening-to-area ratio Ais a

non- di mensi onal quantity that may be conputed in ternms of "al
opening aria(= one opening area x nunber) / stator's surface area"
[0128] The experinment conditions and the val ues obtai ned by
calculating the total energy dissipation rate: E a are presented in
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[0122] At present, there are no such mixers as those which include the

features of “Moving Stator”, “Multistage Homogenizer” and “Direct Injection”
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that have been proposed by the present invention. It is believed that the
mixers that have the best stator configuration (gap, hole diameter,
opening-to-area ratio, hole shape) and the best rotor configuration (number of
blades and blade width) which have been set as determined by values of ¢ 4
proposed by the present invention provide the much higher emulsification and
particle size breakup performances (effects).

[0123] The relationship between the total energy dissipation rate: ¢ 5 that
may be obtained by the Equation 1 of the present invention as described above
and the paxrticle size breakup trend for the resulting liquid drop diameters has
been examined for the three different mixers under the following conditions.

[0124] In this examination, the conditions are given as follows. The gap 6
between the rotor 3 and the stator 2 is great (such as §> 8mm, e.g. §= 2 to
10mm), and the stator 2 has a great number of openingsl (holes) 1 formed
thereon (such as ns > 20, E.G. n2 = 50 to 5000). Under the above conditions,
the performances for those three different mixers have been compared.

[0125] In the above examination, the liquid that simulates an diary product
and has the composition ratio in Table 1 has been used to estimate the particle
size breakup. As shown in Fig. 3, the external circulation mode unit has been
provided, and the particle size breakup trend for the resulting liquid drop
diameters have been investigated and estimated by measuring the resulting
liquid drop diameter on the middle way of the fluid path using the laser
diffraction type particle size analyzer (offered by Shimazu Manufacturing
Company under the name of SALD-2000).

[0126] In this examination, the mixer D (the capacity of 100 liters), the
mixer D (the capacity of 500 liters) and the mixer E (the capacity of 10 kilo
liters) have been used, the summary of which is presented in Table 7. Those
three different mixers are offered by the same manufacturer, and are
commercially available. In this examination, the mixer C includes five

different type mixers (Stator No. 1 to 5), each having a different gap § and a
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XX ,-ldeo laCr; 03-? en 1lovz're' 1INl XX LOO vi6 tion Dependent
Thrm Kenc "td [0129] It is clear from Table 8 that the val ue of Kg!
(Kg + Ks) is 0.1 to 0.3, which neans that the form dependent term Ks
for the stator is greater than the form dependent term Kg for the
gap. Faiffebentrhyeibds défopatings7. forimddshdenm.f ound that the opening 1
on the stator 2 provides the higher and dom nating particle size
breakup performance when the particle size breakup effects for the
gap and for the opening (hole) 1 on the stator 2 are conpared.

[0130] Fromthe value of Ic / Ke_sid that is nornmalized with Ke for
the Stator No. 4 in Table 8, it has been estimated that the particle
size breakup effect will becone higher as the stator No. is
increased. [ 0131] For the mxer C (stator No.1l to stator No. 5),
the rel ationship between the processing (mxing) tinme under the
running condition in Table 8 and the resulting liquid drop dianeters
(particle size breakup trend) is presented in Fig. 12. [0132] It has
been found that the trend is simlar to the trend indicated by the
estimated val ues (theoretical values) of Kc / Kc_sid, and that for
any of the stator Nos. 1 to 5, the particle size breakup effect
(performance) will be high when the values of Kt / Ke_sid are great.
When the processing (mxing) time under the running condition is
considered to be adequate, on the other hand, it has been found that
it is preferable that the opening-to-area ratio should be equal to
above 0.15 (15%, it is nore preferable that it should be equal to
above 0.2 (209, it is nuch nore preferable that it should be equal
to above 0.3 (30%, it is nost preferable that it should be equal to
above 0.4 (40%, and it is the nost preferable that it should be
equal to 0.4 to 0.5 (40%to 50% . This should be made by taking
account of the strength of the stator's opening.
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[0133] For the stators No. 3 and No. 4 for which the respective

val ues of Ke / Kc_sid are equival ent,
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[ 0145] Next, the value of E a obtained by the calculation that is

made after the m xer's configuration has been changed and the val ue

of E a obtained by the calculation that is nade before that change is

made have been conpared and the trend in which the liquid drop

di amet e[9187¢ dacTssdsimghabpenihfabd-adanagtioys aen@sidifRhetbiidlaadrntaty

conparison. [0146] Although the statistically highly reliable

equat i dhat hatyche deenpstol finrtarbes effall wpahipgroses one opdéning area x

avai lable, the trend in which the resulting liquid drop dianeters are

decr eagivigberly/ Hater's ismafans dealiti| i zi ng the above experiment results
g the possible effect of the m xer's confjguration,

and by cansi der | € [ i ;
ENBODI w@ﬂi%ﬁi o'liﬁe/ eERerHBEBH conditions @and the gdven OWmn%leLHé@éwlﬁéwg
bel ow with reference,to.several  preferred enbodi.ments thereof shown
"h ¢ et dohBLeyR SSHARCD TRES dhoarUPbESHAaN S, Do hrar ¢ he
present invention is not limted to those preferred enbodi nents but
may be nodified in nunerous ways w thout departing fromthe spirit
and scope as defined in the appended cl ai ns. [0148] It has been
described that the m xer's performance can be estimted by using, as
the index, the total energy dissipation rate: a that can be derived
by the Equation 1 of the present invention and that the high
performance m xer's configuration can be defined by using, as a
referential information, the results obtained by verifying the above
performance estimation. Now, the high performance m xer that has been
desi gned based on the above definition will be described in further
detail by referring to Fig. 15 to Fig. 17. [0149] The rotor/stator
type m xer as proposed by the present invention nay be characterized
by the fact that it conprises a mxer unit 14 that includes a stator
having a plurality of openings fornmed thereon and a rotor disposed
inwardly radially of the stator and spaced away fromthe stator with
a specific gap, the other parts being simlar to those of the prior
art rotor/stator type m xer that has been described above by
referring to Fig. 1. Thus, the follow ng description illustrates one
exanple of the mixer unit 14 that includes the structural features
that characterize the present invention. [0150] The m xer unit 14 in
the rotor/stator type m xer according to the present invention

i ncludes the rotor 13 and the stator 22 which are constructed as
shown in Fig. 16 and the stator 22. [0151] The stator 22 has a
plurality of openings lib formed thereon, each being fornmed |like a
round shape just like the stator 2 in the prior art mxer 4 shown as
an exanple in Fig. 1. [0152] The rotor 13 that is disposed inwardly
radially of the stator 22 and spaced away fromthe stator 22 with a
specific gap includes a rotary shaft 17 and has a plurality of
agitating blades extending radially fromthe rotary shaft 17 so that
they can rotate about the center point of the rotary shaft 17. It is
noted that Fig. 15 illustrates the enbodi ment in which twelve (12)
agitating blades 13a to 131 are provided and that Fig. 16 illustrates
t he enbodi nent in which eight (8) agitating blades 13a to 13h are
provided. Herein, those agitating blades 13a to 131 will be referred
collectively to as the "agitating blades 13". [0153] A rotor
peripheral wall 40 is arranged at the forward end of each of the
agitating blades 13. The outer periphery of the rotor peripheral wall
40 is located so that it can face opposite the inner peripheral wall
22a of the stator 22, and a gap 6 is forned between the outer

peri phery of the rotor peripheral wall 40 and the inner peripheral
wal | 22a of the stator 22 as shown in Fig. 15 (b). [0154] The rotor
peri pheral wall 40 has a plurality of openings 41 forned thereon.
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arrow 23b in 15 (a). During this stage, the powdery material can be
di ffused quickly into a prepared liquid without causing the high
energy being dissipated. [0158] Then, the rotor 13 nay be noved as

i ndicated by an arrow 23a in Fig. 15 (a). In this way, the total area
of the rotor peripheral wall 40 having the plurality of openings |lb
formed thereon will be located so that they can face opposite the
total area of the[stator 22 haying the plurality of openings 116b
forned thereon.Thus, the nIX|ng section descri bed above wi Il be
created therebe1wnen= By, dr&ying the rotor 13 to rotate as indicated
by an arrow 20 Fig. 5, téhe|procedure of dissolving, particle size
breaki ng up and rrulglfﬂ ngS}h( powdery material will be initiated
actual ly. [015P]}1t®may be“apparent fromthe foregoing description
that the stator|2p and the rotﬁh 13 are capable of noving closer to
or farther away|ffom each othev“ Thus, the gap between the stator 22
and the rotor 1B canabeccha&gejoor controlled while the rotor 13 is
being rotated. || this may éth¢>shearing stress applied to the fluid
bei ng processed| chn Be chanﬁpd ar adjusted or the flow rate at which
the fluid being|pyocessed is fl@wm ng can be changed or adjusted.
[0160] In accorfahce with the wExer of the present invention as
illustrated in Fip i;S a) £0 (g), a nozzle 18 is provided along the
top end of the aﬁatqr 22 cogpri®ing the mxer unit 14 so that it can
ext end radialk% t pwe d the genter. Then, the fluid being processed
may be fed dirgct]y ¥nto th® ni%ing section through the nozzle 18 and
its opening 19gps} i ndicated by|an arrow 21 in Fig. 15 (c). [0161]

Mor e specificé§ y, the fluid being processed may be flow ng inwardly
radially of th@ﬂr‘ot(& pgip’&er bl wall 40 having the plurality of
openi ngs 41 fd?ned thereon & that it can be fed directly through the
nozzl e's openlgg 19 @&s indi @ated by the arrow 21. The fluid being
processed thatg] s| fl owi ng though the plurality of openings 41 on the
rotor peripher: wal | 40 that |s now being driven for rotation in the
direction of the armpmlzo may then flow through the - plurality of
rotor openi ng£§34-1 info the M Xi ng section created by the gap between
the rotor peridheraldwall 48 apd the rotor 22 facing opposite the
rotor peripher wal’t 40 ratfi a ly and the fluid being processed wll
finally be mxed [n the m xingjsection. [0162] In this way, the
fluid being pri gssed may be fnd (added) directly into the m xing
section where el ermil stficatipn or diffusion will be performed
effectively. P63 Fig. I a1d Fig. 18 (a), (b) illustrate a

vari ation of pr ecedi ng ©nbpdi nent descri bed by using Fig. 15 (a)
to (c) and Fi § | 16. Thisgcurrept enbodinent differs fromthe
precedi ng enmbod|ients |ng¢|gw 15 (a) to (c) and Fig. 16 in that the
stator 22 has Eiannuldk cover| 30 extending inwardly radially of its
top end edge. di f f edenc& f[om the precedi ng enbodi nent wll be
descri bed beIo.g 64E | t'gmal be noted that the enbodi ment shown in
Fig. 17 and Figx(18& a)& (bE ihcludes the twelve (12) agitating

bl ades 13a to éﬁ tﬁ?t éxt e radially fromthe rotary shaft 17
[0165] In accor&ﬁncéimﬁéb t#e pnbodi nent shown in Fig. 17 and Fig. 18
(a), (b), the annul-@ c@er30|is provided so that it can extend

i nwardly radialy ffom the op end edge of the stator 22. Thus, the
fluid being pr essgp cdh be prevented fromleaking fromthe gap

ﬁ

bet ween the rotjor an th@ stator 22 toward the upper end side in
Fig. 15 (a). [0163% Eenbodi ment in which the annul ar cover 30
is provided as sho |g 17 and Fig. 18 (a), (c), the direct

f eedi ng (addi ng) mech an m described in Fig. 15 (b), (c) has the
construction that allom§§the annul ar cover 30 to be utilized. [ 0167

=
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[0168] The presence of the cover 30 prevents the fluid from |l eaking

t hrough the gap between the rotor 13 and the stator 22 and fl ow ng
upwardly in Fig. 14, so that the fluid can be allowed to pass through
t he openings 41 on the rotor peripheral wall 40 and the openings |ib
on the §vape] 22 isfdlexd B artikab |y thapthé balua st & /t@Her KHHe 0.1 to 0.3,
outside. This allows the fluid being process to receive the high
shear i mghishr means {Hik68e foke ddpendexdrterm Fhdoprtheedhboyr esrgeeh teenthan
shown in Fgi. 15 (ai to Fig. 16, the mxer in the current enbodi ment
shown ithefoym dap H termKalfen thel gaps For thapmbeaméem (Tablet7atiorhas
22 and _the rotor 13 to be adjusted or controlled while the rotor 13

i s bei hgeRotened. thptushe tpreingadi fg &he estetap 7 iRx@videy rHbef highpr and
bei ng processed can .be changed,or adjusted and the flow rate. at, which
Che 1 GORBETHYE BROHELSSHCRTCRKIH P [EEMABES dYheR ERC ST Sizécbreakup
[0170] Fi 9 o Fig. 21.illustrat.e another enmphodinent othat is a.
Furt hee T B e Brian i oS AR eSO e poaigrecs
and Fig hi i if fars | :ed) ' '
g, 191p350] o TreHlRRE Rk of K. K5 LR o th REEE MR TEL TR SthCor
that | y&OIMMASELLIRS 8 aitThXk HbeROESti R thAGMLGHPRFELY §28 Rdak @ BfBct

m xi ng portion |ocated outwardly radially, the mxing section being

cr eat eqdyilBscdie HigheF adIhessthohaNediabedteakb@ center point of the
rotary shaft 17 as indicated by the arrow 20. Now, the difference
from t h§ OpBédedFoy threbatixeenC (dthtoibdNalds to idtatohdNawsd), (R4 Atlatibnskip
noted that the enbodi nent shown in Fig. 19 and Fig. 21 includes the
ei ght ([Bywaghtttei prpdebaides(mBeingd tih wikderethe rhvnondodiditmon in Radoud
in Fig. 20 includes. the twelve (12) agitating blades 13a to 131. Each
of t hogadebadreanting digied dwspr Agetrusolpartigersize hrepkup trend) is
enbodi nent shown 't‘n Ziﬁ 19 and Fig. 21, multiple stators are

provi d@dePHPVY Chftne' st at or 12 whose diameter is smaller than the

The- two L00aPkr dtdine RESLPOmAYRRE ke sfs fo i iah tf R TiBha baR IRy

14 i i . | f..t y .
whi on thE Wthfiafodvafle (thRYeliodby R FITIR: AKELa! SR RIREILERY df'the

ar r angega £2- K88t 11638 | dhe Phrﬁ@]}é Hi9e RRakNPCE BECtS YR oMb néd)ewiOm Rt h
edge of the smaller dianeter stator 12 than the stator 22 can be
mount edvibanehehvdlve sashil, ar K¢ QM eire 38reaxt &¥Hen gthenpas clsyin@divdking)f tiars
the top end edge of the stator 22 as shown in Fig. 20. [0174] The
rot or iGiderathemaynbmglcepdisech ineansidgred tohe sdatwate22mwilichother hand,
specific gap includes a plurality of agitating blades 13 extendi ngi
radi al ity bfis heenHeuadnthat 16k preffrabbe that blhg opaning 17-aaba e tighs krnilde

rotor 13 is driven for_rotatiaon.. [0175] As scribed in relation to
the emSoMakdat 2RovRD- B 15%9, ih)istmo %)Pr&ﬁﬁa%?@.thfé,ltt ﬁ‘éolﬂldugamqgﬁloto

[)?;3%5%%6 Vel Ched, Gt B St 3ﬁlg‘$eatp¥§grg%;tﬁ§€ o Sur B8 St fove
| . | J

The rolo? Bemphiararok PPzt nhls Fedeipdig AR fpifog dbrhind

43 f I ' | lo &idpe :

aner S0 i B H9°F Al erab s ERaCRAIDR iy Cag Q0 o0 8 P2 75010 BB

13. [ Qhéhld DehhHHa!by ¥alahg A dfiak GrOR¥ESofite sladr’'slGfonihgd,
..., 151 are provided on the sane radial position between the radial
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present invention, therefore, it has been found that the trend can be described
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[0181] In the mxer unit 14 of the rotor/stator type m xer as shown
in Fig. 19 to Fig. 21, therefore, the rotor has been disposed
inwardly of the nultiple stators 12 and 22 each having the different
dianeter so that it can be spaced away fromthose stators with the
speci fi i ' bMen so that it can
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mixer’s scale (size) such as the capacities of 200 to 700 liters, it has been
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found that the liquid drop diameters will depend on the magnitude of the
values (greater or smaller) of ¢ . Similarly, it has been found that the liquid
drop diameters will exhibit the similar particle size breakup trend even it
there are differences in the mixer’s scale (size).

[0139] From the above description, therefore, it is believed that the
rotor/stator type mixer for which the gap ¢ between the rotor 3 and the stator
2 is great (such as 6> Imm, e.g. = 2 to 10mm) and the number of stator’s
openings (holes) 1 is great (such as ns > 20, e.g. ns > 50 to 5000) can be scaled
up by causing the different values of the total energy dissipation rate: ¢ 5 that
are obtained by the Equation 1 of the present invention to accord with each
other and then by considering the differences in the running condition and
configuration.

[0140] In this way, it may be seen form Fig. 13 that for the relationship
between the total energy dissipation rate: ¢ 4 that is obtained by the Equation
1 of the present invention and the resulting liquid drop diameters (particle
size breakup trend), the changes in the liquid drop diameters (particle size
breakup trend for the liquid drops) can be represented (estimated)
comprehensively by plotting the total energy dissipation rate:e , that is
obtained by the Equation 1 of the present invention along the horizontal axis.

[0141] Through the study conducted by the inventors, it has been
recognized that the relationship between the total energy dissipation rate: ¢ 4
that is obtained by the Equation 1 of the present invention and the resulting
liquid drop diameters is changing linearly.

[0142] Because it is difficult to derive any statistically reliable equation
that may be used for the experiment purposes, however, the liquid drop
diameters have been estimated by using the relationship between the
resulting liquid drop diameters obtained from the experiment and the total
energy dissipation rate: ¢, that can be obtained by the Equation 1 of the

present invention.
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88. 85 44425 Total . 1100 50000 5.00 5.00 10.00 [0189] The results
obtained by this testing are presented in Table 10, Table 11 and Fig.
20 to Fig. 28. FromFig. 20, it has been confirnmed that the m xer of
the present invention provides the trend in which the equival ent

particl ¢o3iuBg blrteﬁfslypbea&%;b&mw fromadel thrb86fd dBBekifadn! tu@a?%n@rto@al

the prior art. FromF it has al so been confirmed tha

m xer eheirfg dissiRRion &‘aeéltd Oinfy M desideldeintogthd téioopedh@nehiel $s, the
which are varied | ess than the mxer of the - prior art, and from

Fi g. 24b£ﬁ0depdndﬁmitakﬁpahéaheqnmﬁuﬂnmd1ebandRMMmhemnﬂmﬂﬂudinghhetune)

present invention, the rotation of the rotor contributes to driving

the emothef ithani te fore dépendent bermi e thd fore dependent temutbecomes

el st Ogrxl'eé.te(rlwrlir:ﬁ the manufacture condition term being fixed, the total energy
dissipation rate: ¢ , will become greater, and consequently the resulting liquid
drop diameters will become smaller even under the same manufacture
condition (time).

[0144] More specifically, the particle size diameters may be measured
actually under a given manufacture condition and then the value of ¢ , may be
calculated. The value of £ » required for obtaining the particular liquid drop
diameters can be found from the actual measurement.

[0145] Next, the value of ¢ s obtained by the calculation that is made after
the mixer’s configuration has been changed and the value of ¢ 4, obtained by
the calculation that is made before that change is made have been compared
and the trend in which the liquid drop diameters are decreasing after that
change may be estimated from that comparison.

[0146] Although the statistically highly reliable equation that can be used
for the experiment purposes is not available, the trend in which the resulting
liquid drop diameters are decreasing may be estimated by utilizing the above
experiment results and by considering the possible effect of the mixer’s
configuration.

EMBODIMENTS

[0147] Although the present invention will be described below with
reference to several preferred embodiments thereof shown 1in the
accompanyling drawings, it should be understood that the present invention is
not limited to those preferred embodiments but may be modified in numerous

ways without departing from the spirit and scope as defined in the appended

claims.
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[0148] It has been described that the mixer’s performance can be estimated
by using, as the index, the total energy dissipation rate’¢ . that can be
derived by the Equation 1 of the present invention and that the high
performance mixer’s configuration can be defined by using, as a referential
information, the results obtained by verifying the above performance
estimation. Now, the high performance mixer that has been designed based on
the above definition will be described in further detail by referring to Fig. 15
to Fig. 17.

[0149] The rotor/stator type mixer as proposed by the present invention
may be characterized by the fact that it comprises a mixer unit 14 that
includes a stator having a plurality of openings formed thereon and a rotor
disposed inwardly radially of the stator and spaced away from the stator with
a specific gap, the other parts being similar to those of the prior art
rotor/stator type mixer that has been described above by referring to Fig. 1.
Thus, the following description illustrates one example of the mixer unit 14
that includes the structural features that characterize the present invention.

[0150] The mixer unit 14 in the rotor/stator type mixer according to the
present invenfion includes the rotor 13 and the stator 22 which are
constructed as shown in Fig. 16 and the stator 22.

[0151] The stator 22 has a plurality of openings 11b formed thereon, each
being formed like a round shape just like the stator 2 in the prior art mixer 4
shown as an example in Fig. 1.

[0152] The rotor 13 that is disposed inwardly radially of the stator 22 and
spaced away from the stator 22 with a specific gap includes a rotary shaft 17
and has a plurality of agitating blades extending radially from the rotary
shaft 17 so that they can rotate about the center point of the rotary shaft 17. It
is noted that Fig. 15 illustrates the embodiment in which twelve (12) agitating
blades 13a to 13] are provided and that Fig. 16 illustrates the embodiment in

which eight (8) agitating blades 13a to 13h are provided. Herein, those
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agitating blades 13a to 131 will be referred collectively to as the “agitating
blades 13”.

[0153] A rotor peripheral wall 40 is arranged at the forward end of each of
the agitating blades 13. The outer periphery of the rotor peripheral wall 40 1s
located so that it can face opposite the inner peripheral wall 22a of the stator
22, and a gap 6 is formed between the outer periphery of the rotor peripheral
wall 40 and the inner peripheral wall 22a of the stator 22 as shown in Fig. 15
(b).

[0154] The rotor peripheral wall 40 has a plurality of openings 41 formed
thereon. Each of the rotor openings 41 may have the same diameters as that of
each of the openings 11b formed on the stator 22. The frequency with which
the openings 41 are formed on the rotor peripheral wall 40 may be
substantially the same as the frequency with which the openings 11b are
formed on the stator 22.

[0155] When the rotor 13 is driven so that it can be rotated about the center
point of the rotary shaft 17 as indicated by an arrow 20, the rotor peripheral
wall 40 on which the plurality of rotor openings 41 are formed will be moved
in the radial direction toward the stator 22 on which the plurality of openings
11b are formed so that they can face opposite each other with the specific
gap § , where the rotor peripheral wall 40 will be rotated as the rotor 13 is
driven for rotation. Then, an effective mixing section will be formed there.
This can improve the shearing stress applied to the fluid being processed.

[0156] In the mixer of the present invention, the stator 22 and the rotor 13
can be brought closer to or farther away from each other in the direction in
which the rotary shaft 17 of the rotor 13 extends. In the embodiment shown,
the rotor 13 is capable of moving in the direction in which the rotary shaft 17
extends as indicated by the two opposite arrows 23a and 23b in Fig. 15 (a).

[0157] At the initial stage where a powdery material will be dissolved by the

mixer, the rotor 13 may be moved away from the stator 22 as indicated by an
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arrow 23b in 15 (a). During this stage, the powdery material can be diffused
quickly into a prepared liquid without causing the high energy being
dissipated.

[0158] Then, the rotor 13 may be moved as indicated by an arrow 23a in Fig.
15 (a). In this way, the total area of the rotor peripheral wall 40 having the
plurality of openings 11b formed thereon will be located so that they can face
opposite the total area of the stator 22 having the plurality of openings 116b
formed thereon. Thus, the mixing section described above will be created
therebetween. By driving the rotor 13 to rotate as indicated by an arrow 20 in
Fig. 15, the procedure of dissolving, particle size breaking up and emulsifying
the powdery material will be initiated actually.

[0159] It may be apparent from the foregoing description that the stator 22
and the rotor 13 are capable of moving closer to or farther away from each
other. Thus, the gap between the stator 22 and the rotor 13 can be changed or
controlled while the rotor 13 is being rotated. In this way, the shearing stress
applied to the fluid being processed can be changed or adjusted or the flow
rate at which the fluid being processed is flowing can be changed or adjusted.

[0160] In accordance with the mixer of the present invention as illustrated
in Fig. 15 (a) to (c), a nozzle 18 is provided along the top end of the stator 22
comprising the mixer unit 14 so that it can extend radially toward the center.
Then, the fluid being processed may be fed directly into the mixing section
through the nozzle 18 and its opening 19 as indicated by an arrow 21 in Fig.
15 (c).

[0161] More specifically, the fluid being processed may be flowing inwardly
radially of the rotor peripheral wall 40 having the plurality of openings 41
formed thereon so that it can be fed directly through the nozzle’s opening 19
as indicated by the arrow 21. The fluid being processed that is flowing though
the plurality of openings 41 on the rotor peripheral wall 40 that is now being

driven for rotation in the direction of the arrow 20 may then flow through the
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plurality of rotor openings 41 into the mixing section created by the gap §
between the rotor peripheral wall 40 and the rotor 22 facing opposite the rotor
peripheral wall 40 radially and the fluid being processed will finally be mixed
in the mixing section.

[0162] In this way, the fluid being processed may be fed (added) directly into
the mixing section where the emulsification or diffusion will be performed
effectively.

{0163] Fig. 17 and Fig. 18 (a), (b) illustrate a variation of the preceding
embodiment described by using Fig. 15 (a) to (¢) and Fig. 16. This current
embodiment differs from the preceding embodiment in Fig. 15 (a) to (c) and
Fig. 16 in that the stator 22 has an annular cover 30 extending inwardly
radially of its top end edge. The difference from the preceding embodiment
will be described below.

[0164] It may be noted that the embodiment shown in Fig. 17 and Fig. 18 (a),
(b) includes the twelve (12) agitating blades 13a to 131 that extend radially
from the rotary shaft 17

[0165] In accordance with the embodiment shown in Fig. 17 and Fig. 18 (a),
(b), the annular cover 30 is provided so that it can extend inwardly radially
from the top end edge of the stator 22. Thus, the fluid being processed can be
prevented from leaking from the gap between the rotor 13 and the stator 22
toward the upper end side in Fig. 15 (a).

[0166] In the embodiment in which the annular cover 30 is provided as
shown in Fig. 17 and Fig. 18 (a), (c), the direct feeding (adding) mechanism
described in Fig. 15 (b), (¢) has the construction that allows the annular cover
30 to be utilized.

[0167] In addition, an inlet conduit31l is provided around the outer
periphery of the stator 22 so that it can extend in the direction in which the
rotary shaft extends, and a conduit 32 that communicates with the top end of

the inlet conduit 31 is provided so that it can extend inwardly radially within
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the cover 30. The annular cover 30 that is located inwaxdly radially from the
rotor peripheral wall 40 has inlet holes 33 formed thereon through which the
fluid being processed is flowing so that it can be directed downwardly as
shown in Fig. 18 (b). The conduit 32 extending inwardly radially within the
cover 30 is connected with the inlet holes 33. In this way, the fluid being
processed may be introduced (added) through the inlet conduit 31, the conduit
32 and the inlet holes 33 as indicated by arrows 34, 35, 36.

[0168] The presence of the cover 30 prevents the fluid from leaking through
the gap between the rotor 13 and the stator 22 and flowing upwardly in Fig.
14, so that the fluid can be allowed to pass through the openings 41 on the
rotor peripheral wall 40 and the openings 11b on the stator 22, flowing
radially from the inside toward the outside. This allows the fluid being
process to receive the high shearing stress.

[0169] Like the mixer in the preceding embodiment shown in Fgi. 15 (a) to
Fig. 16, the mixer in the current embodiment shown in Fig. 17 and Fig. 18 also
allows the gap between the stator 22 and the rotor 13 to be adjusted or
controlled while the rotor 13 is being rotated. Thus, the shearing stress
applied to the fluid being processed can be changed or adjusted and the flow
rate at which the fluid being processed is flowing can be changed or adjusted.

[0170] Fig. 19 to Fig. 21 illustrate another embodiment that is a further
variation of the embodiment described above by using Fig. 15 and Fig. 16.This
embodiment differs from the preceding embodiment in Fig. 15 (a) to (¢) in that
it includes a multistage mixing section that is composed of a mixing portion
located inwardly radially and a mixing portion located outwardly radially, the
mixing section being created when the rotor 13 is rotated about the center
point of the rotary shaft 17 as indicated by the arrow 20. Now, the difference
from the preceding embodiment will be described below.

[0171] Tt is noted that the embodiment shown in Fig. 19 and Fig. 21

includes the eight (8) agitating blades 13a to 13h whereas the embodiment
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shown in Fig. 20 includes the twelve (12) agitating blades 13a to 131. Each of

those embodiments i1s now described below.

[0172] In the embodiment shown in Fig. 19 and Fig. 21, multiple stators are

provided in which one stator 12 whose diameter is smaller than the other

stator 22 is located inwardly radially of the stator 22 so that the two stators

can be disposed co-centrically within the mixer unit 14 as shown in Fig. 20.

[0173] As one example of the embodiment in which the multiple stators

each having a different diameter are arranged co-centrically, 1t may be

constructed such that the top end edge of the smaller diameter stator 12 than

the stator 22 can be mounted beneath the annular cover 30 extending

inwardly radially from the top end edge of the stator 22 as shown in Fig. 20.

[0174] The rotor 13 that may be disposed inwardly of the stator 22 with a

specific gap includes a plurality of agitating blades 13 extending radially from

the center point of the rotary shaft 17 about which the rotor 13 is driven for

rotation.

[0175] As described in relation to the embodiment shown Fig. 15 (a) to (c)

and Fig. 16, the plurality of rotor openings 41 are provided at the forward

ends of the agitating blades 13, and the rotor peripheral wall 40 is provided so

that it can face opposite the inner wall side 22a of the stator 22.

[0176] The rotor peripheral wall 42 having the plurality of rotor openings

43 formed thereon and facing opposite the inner wall side 12¢ of the inner

stator 12 is disposed on the middle way of the agitating blades 13.

[0177] A plurality of longitudinal grooves 15a, 15b, 15¢, 15d, ..., 151 are

provided on the same radial position between the radial center of each of the

agitating blades 13 and the radial outer end thereof. Herein, those

longitudinal grooves 15a, etc. will be referred to collectively as the

“longitudinal grooves 15”.

[0178] As described previously, the rotor peripheral wall 42 having the

smaller diameter than the rotor peripheral wall 40 and facing opposite the
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same 1s provided inwardly radially of the position in which the longitudinal
grooves 15 are provided on the agitating blades 13, and it supported by the
agitating blades 13.

[0179] The rotor peripheral wall 42 has a plurality of rotor openings 43
formed thereon. The size (diameter) of each of the rotor openings 43 may be
the same as that of each of the openings 1la formed on the stator 12. The
frequency with which the rotor openings 43 are formed on the rotor peripheral
wall 42 may also be virtually the same as the frequency with which the
openings 1la are formed on the stator 12.

[0180] When the mixer unit 14 is being formed as shown in Fig, 21, the
stator 12 will be fitted into the longitudinal grooves 15 formed on the
agitating blades 13. Then, one gap § will be formed between the peripheral
wall side of the rotor peripheral wall 42 and the inner peripheral wall side 12a
of the stator 12, another gap § will be formed between the radial inner side of
the longitudinal grooves 15 and the outer peripheral wall side 12b of the
stator 12, and still another gap & will be formed between the peripheral wall
side of the rotor peripheral wall 40 and the inner peripheral wall side 22a of
the stator 12b.

[0181] In the mixer unit 14 of the rotor/stator type mixer as shown in Fig. 19
to Fig. 21, therefore, the rotor has been disposed inwardly of the multiple
stators 12 and 22 each having the different diameter so that it can be spaced
away from those stators with the specific gap.

[0182] When the rotor 13 is then driven so that it can rotate about the
center point of the rotary shaft 17 as indicated by the arrow 20, the two-stage
mixing section composed of the radially inner mixing portion and the radially
outer mixing portion will be created. The higher performance can thus be
achieved by the mixing process that is performed by this multistage mixing
section. More specifically, the shearing stress applied to the fluid being

processed can be improved by this multistage mixing section.
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[0183] In the embodiment shown and described, the mixing portion located
inwardly radially will be formed between the rotor peripheral wall 42 and the
inner peripheral wall side 12a of the stator 12 and between the inner side of
the longitudinal grooves 15 and the outer peripheral wall side 12b of the
stator 12. The mixing portion located outwardly radially will be formed
between the peripheral wall side of the rotor peripheral wall 40 and the inner
peripheral wall side 22a of the stator 22.

[0184] Similarly, in the embodiment shown and described in Fig. 19 to Fig.
21, the stators 12, 22 and the rotor 13 may also be arranged so that the stators
12 and 22 can be brought close to or farther away from the rotor 13 in the
direction in which the rotary shaft 17 of the rotor 13 extends. In other words,
the stators 12, 22 and the rotor 13 are capable of movement so that the gap
between them can be adjusted or controlled while the rotor 13 is being rotated.
This allows the shearing stress applied to the fluid being processed to be
changed or adjusted, and this also allows the flow rate at which the fluid
being processed to be changed or adjusted.

[0185] In Fig. 19, the relationship between the stators 12, 22 and the rotor
13 has been described under the assumption that the annular cover 30 is not
provided in the mixer. In the embodiment shown and described in Fig. 19 to
Fig. 21, the mixer may be constructed so that it can also include the annular
cover 30. In Fig. 20, the mixer that includes the annular cover 30 is
represented as it is viewed from the underside. The mixer that includes the
annular cover 30 can prevent the fluid being processed from leaking through
the respective gaps between the stators 12, 22 and the rotor 13 and flowing
upwardly in Fig. 21.

[0186] For the mixer that includes the annular cover 30, the direct feeding
(adding) mechanism described by using Fig. 5 (a), (c) may be provided such
that the annular cover 30 described in Fig. 20 can be utilized. In this case, a

conduit 32 extending inwardly radially may be provided inside the annular
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cover 30, and inlet holes 33 through which the fluid being processed is allowed
to flow downwardly may be formed on the underside of the annular cover 30
that is located inwardly radially from the position in which the rotor
peripheral wall having the smallest diameter and supported by the agitating
blades 13.
[0187] (Testing and Studying for Comparison)
Testing was conducted to compare the prior art mixer described in Fig.
1 and the inventive mixer (the mixer that includes the annular cover 30)
described in Fig. 21. During this testing process, the external circulation mode
unit was provided, the liquid drop diameters on the middle way of the fluid
path were measured by using the laser diffraction type particle size analyzer
(offered by Shimazu Manufacturing Company under the name of SALD-2000),
and by examining the particle size breakup trend for the resulting liquid drop
diameters.
[0188] Both the stator 2 in the prior art mixer and the stator 22 in the
inventive mixer that were used for the testing purpose had the diameter of

197mm. The testing was conducted by using the butter emulsified liquid

having the composition presented in Table 9 below.

ity | woayto | FAT | SNF 1S
Butter 5.99 2995 4.95 0.07 5.02
ek | 5.16 2580 0.05 4.93 4.98
Water . 88.85 44425 ] _
Total 100 50000 5.00 5.00 10.00
[0189] The results obtained by this testing are presented in Table 10, Table

11 and Fig. 20 to Fig. 28. From Fig. 20, it has been confirmed that the mixer of
the present invention provides the trend in which the equivalent particle size
breakup can be performed in less time than the mixer of the prior art. From
Fig. 21, it has also been confirmed that the mixer of the present invention

provides the liquid drop diameters which are varied less than the mixer of the
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prior art, and from Fig. 24 {(c), it has also been confirmed that in the mixer of
the present invention, the rotation of the rotor contributes to driving the

emulsification more than in the mixer of the prior art.

ass Particle Stze (pm) | Time.
P Meari Particle Size] Swndan Deviaton | Modian Diameter” | Moo Diwmesrl]  [sec]
o . 5 5.880 0.334 7,142 8.219 19.8
g‘*‘“’filﬁ PriorArt 10 5.14% 0.325 6.314 7.488 38.6
I(‘T{'[;:gn ! 15 4.877 0.316 b.784 |+  7.486 50.3
. 5 4,370 0.322 5.218 7486 28.8
Imrenticmi 10 3.921 0.312 4.533 £.078 577
15 3.657 0.304 4114 §.078 86.5
s
Froqueny. N9RA  Powrate  QuentVelus Torgoe  Shalt Drive Powor PoRpToNGr - Fmlsify Quniribution Paver
2 Doml  (min]  IA]  N-ml DMl W] [ioW] Notes
10 360 7 5.04 12 0.5 8.0 0.4
20 720 14.6 801 19 1.4 0.2 1.2
30 1080 22 8.1 29 33 0.8 25
40 1440 285 11.6 47 1.1 18 53 4
50 1800 K] 16.6 §7 12.6 34 82 10min Tempoitume rising 15C |
85 2340 45.5
pass{sec/pass)
1 5 10 15
40 19.8 3086 59,3
Invention i
Prequendy Numbar of: " Flowinls  QumentVahe | Toge " Shaft Drive Power « Pomp Pover | Emulsify Contribution Power ,
M Geml fmi/m] (Al [Nem] (W] (kW] [kW] N
10 360 4.5 53 13 0.5 00 0.5
20 720 9.5 8.9 12 0.9 0.1 0.8
30 1080 14 104 41 4.8 0.5 4.1
40 1440 19.8 15.8 85 9.8 1.2 8.6
50 1800 25 228 45 17.9 24 15.5 10min Tempermture rising 3.2
85 2340 325
pass(sec/pass]
1 5 10 15
5.5 277 554 84l

[0190] Fig. 28 presents the results obtained by analyzing the energy
dissipation rate and then studying it. From Fig. 28, it is appears that the
mixer of the present invention provides the higher energy dissipation rate,

more specifically, the higher ability than the mixer of the prior art. From this,
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9.8 1,2 8.6 50 1800 25 22.8 95 17.9 2.4 15.5 10m n
| t nuper at ur er kng3210. 65 2340 32.5

it may be estimated that the mixer of the present invention provides the
particular size breakup effect that is equivalent to that of the mixer of prior
art but can be achieved in less time. The actual particle size breakup trend
shown in Fig. 20 is similar to the trend shown by the numerically analyzed
results.

[0191] In the mixer of the present invention (in which the annular cover 30
is provided) described by using Fig. 21, Fig. 27 presents the results obtained
in the case where the fluid being processed has been fed (added) directly as
described in Fig. 18 (b) versus the results obtained in the case where the fluid
being processed is not fed directly but it is allowed to flow through the inlet
holes formed on the annular cover 30 as indicated by the arrow 30a in Fig. 17.
By simply changing the condition, that is, whether the fluid being processed
should be fed (added) directly or it should be allowed to flow through the inlet
holes 30a on the annular cover 30 with the other running conditions
remaining to be unchanged, the study was conducted for the comparison
purposes.

[0192] As the result, it has been confirmed that the direct feeding (adding)
of the fluid being processed as described in Fig. 18 (b) provides the higher
particle size breakup effect (performance).

[0193] The present invention provides the excellent advantages and
features that will described below. As such, the present invention can be
utilized in the many different industrial fields, such as the foods,
pharmaceutical medicines, chemical products or other similar manufacturing
fields, in which the emulsification, diffusion, particle size breakup and other
processes are performed.

[0194] (1) The rotor/stator type mixer of the present invention provides
the higher particle size breakup or emulsification effect than the typical high
performance rotor/stator type mixer of the prior art, allowing the high quality

products to be manufactured.
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pas sEsec/pa as] 151015 27.755.483.1 [ 0190] Fig. 28 presents the
results obtained by analyzing the energy dissipation rate and then
studying it. FromFig. 28, it is appears that the m xer of the
present invention provides the higher energy dissipation rate, nore
speci fi ¢aliby] t(2® THeahrbrabatdritypehatkdhef tHougFeseht iheeptibArp@kides the
Fromthis, it may be estimated that the m xer of the present

i nvent ikighpr quirdédet fiee phrddlouw arr ehrelsbfieaton cfécctalitvaing she higher
equi valent to that of the m xer of prior art but can be achieved in

| ess tigwalityheroaetcoakbo parmpodastiured indaksipirhe éhdnsthewprion aEt guix2e. i s
simlar to the trend show by the nunerically analyzed results.

[0191] KA1PRE fehManyr differept agtowstasoriyporirprs Winema Fennbhe paall to
cover jo i s provided) described by uslié g,Fig., 21, Fig. .27 presents |,
the restF$e seblesi ¢ henseHedcur eornheledt fwh Ry FoBsIdRyipE JdesBERFafgnEe
been fed (added) .ditectly as described in Fig. 18 (b) versus the

resul tgmd"%t"&%ﬁg%upﬁgﬁ?ée'case where the fluid being processed is not
fed dir b Pt : o r

on the. Samer b @0 eP b BAG A, AL A P HB LA B o HRLASGIATRE
si nmpl y ghangi ) |id O th Iy t e e BaT=] i+t
pr ocessvg1 ﬁs%%lg}?dﬁi% %glg%&gddfe}ag tg?l}eeé'? ??w%ra F!?lr sﬁﬁ%ulpgbg%&éﬁgov(]\%ét%%ng)
f1 ow t BnapeBed ben el &ltitiates s8ARa0Mht FEi rARNMhAIGOVNST tidld YAl Betdthieved.
ot her running conditions remai ning to be unchanged, the study was
conductgud, ahetriver i agiamiese@a uitd dpfigethe rdt0i/8edtohtypbaniasudan be redaced
been confirnmed that the direct feeding (adding) of the fluid being

pr ocessedl e geweridvedgy wefuired Br(the provingesnicheahibghervedar¢dortimgly.
si ze breakup effect (perfornmance). ﬁg 0193 ] The present invention
provi de Otlﬁglex%q: ifeHewang dntaadjet odrthef weferanes pHEerwls retpased tpag the
bel ow. As such, the present invention can be utilized in the many

di f f er SRECHH@IY i al fields, such as the foods, pharnaceuti cal

medi ci nes, chem ﬁSal F)r Oa{(gl:(ﬁ or other simlar manufacturing fields,

in which the "emur8FPR&tTYN/ diffusion, particle size breakup and

ot her processes g{fﬁogerformed. [0194] (1) The rotor/stator type

m xer of the present invention provides the higher particle size
breakup or emul sphigation effect than the typical high performance
rotor/stator type mxer of the prior art, allowing the high quality
products to ke nmpRyéatiniced. [0195] (2) The rotor/stator type m xer
of the present invention provides the higher particle size breakup or
enul sificatidaaeflibct ,Opdéhivgsng t he hi gher quality products to be
manufactured in less tine than the prior art mxer. [0196] (3) Many
di fferent rotlds 28t atdtatoype mi xers ranging fromthe small to |arge
scal es can be scaled up or scal ed down by considering the processing
(manuf acturi Ag) tRator

13a, 13b, 13c, 13d, 13e, 13f, 13g, 13h,
13j, 13k Agitating blades

14  Mixer Unit

15 Longitudinal Grooves

17 Rotary Shaft

18 Nozzle

19 Nozzle Opening

30  Annular Cover

31 Inlet Conduit
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[0197] (4) In order to offer any of the particle size breakup effects
that neet with each user's needs, the tine required for the
processing (agitating) purposes can be estimated so that the m ni num
running time can be achieved. Thus, the running tinme required for the
rotor/ st ator 33ypelniexdolean be reduced and the power energy required
for the running time can be saved accordingly. [0198] The foll ow ng
is alist of the reference nunerals referred to in the specification:
1 Opening (hole) 2 Stator 3 Rotor 4 Mxer Unit 1l1la, lib Openings 12,
22Stators 13 Rotor 13a, 13b, 13c, 13d, 13e, 13f, 13g, 13h, 13j, 13k
Agi tating blades 14 M xer Unit 15 Longitudi nal G ooves 17 Rotary
Shaft 18 Nozzle 19 Nozzle Opening 30 Annul ar Cover 31 Inlet Conduit
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33 Inlet Hole CLAIM 1. Arotor/stator type m xer

conprising a mxer unit that includes a stator having a plurality of
openi ngs fornmed thereon and a rotor disposed inwardly radially of the
stator and spaced away fromthe stator with a specific gap, wherein
the rotor disposed inwardly radial IGLAIMSe stator and spaced away
fromthe stator with the specific gap includes: a rotor

peri pheral wall that faces opposite the inside of the peripheral wall
of the stator having the plurality of openings formed thereon and is

| ocat ed i nwaddl YA redirdtayontypheniseateomprising hemipet uhit thapinedudes a
plurality of_ rotor opEniqgs formed on the rqtaor peripheral wall

2. A r&teorshavie @ peu : of opgaingedormeds thoreon andraivetonglisposed

o A AREE R L SR N AR b pgvocin
di i dl iall f f 1.h s di

B QT

CEPeCiVy BREFAL SR i o gt 4] Bidghgier vpe et e

provi ded so Hhaftof ?_%Yi;ﬁfé}a@@véﬂ HADFa &d OSSP odife Phe hALIIRES GHPYeFipBRYal
each other in the direction in which the rotary shaft of the rotor

ext endsyvall of the s#atdrx hairg sthat plutadifty of Xpendsgsdbimed thewoy ame is
of Clainms 1 through 3, wherein the stator has an annul ar cover

ext endilogatedwamdirglly adid#dly of thenstéiwredgh dfe spexifiogagncdineldge.
5. Arotor/stator type mxer as defined in Caim4, wherein the
annul ar covep Hasahy ofretorhepenings daginediin bhe rotan pedpharplpwetlessed

can be introduced downwardly. . 6. Arotor/stator type mxer as
defined in afy dhEOOR TR HTAY D PHESNEA d@,fmmelfrefﬁalélaclh wheyepn the stator

I li.t f ' f t t.at h d, sh . 1. A
o b bl OB R bbb gk g GRS h e ina
wh [ . pl i . i f t at .
26er o SRSk Rl BRETI WY OF FRE B0t Mol fmd BPUG5 PRl br
int fot i ng- h0s i Q. ¢ -

25 dof | el 9IS RSO HEGPRIsER e it ot AR ed AL ARG the
pl ur al istytoek widhtatédkdblvadgsegkt gagng radially fromthe center

point of the rotary shaft of the rotor. 9. A rotor/stator type m xer,

wherein the Bl XX rbei/stgtdheype mixer as defined in Claim 1 or 2, wherein the
stator and the rotor are provided so that they can be brought closer to or
farther away from each other in the direction in which the rotary shaft of the
rotor extends.

4. A rotor/stator type mixer as defined in any one of Claims 1 through
3, wherein the stator has an annular cover extending inwardly radially from
the edge of the top end edge.

5. A rotor/stator type mixer as defined in Claim 4, wherein the
annular cover has an inlet hole through which a fluid being processed can be
introduced downwardly.

6. Arotor/stator type mixer as defined in any one of Claims 1 through
5, wherein each of the plurality of openings formed on the stator has a round

shape.
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construction as defined in any one of Clainms 1 through 8 is designed
by cal culating the Equation 1 listed below to estimate the m xer's
particular running tinme and the resulting liquid drop di aneters of

the fluid being processed that are obtained during that m xer's
particul ar rdnniAgotirfeaténeypd xekes addeifigiedgl agy suelvftClatimist1 ehraygh
the resulting liquid drop dianeters of the fluid being processed to
be det &, whexbiduhiengl uradityi oferpenipgs tformledron thaistgtdr rpre€ant Bxer 8%
, D3 br2n: (PP + 40 IN 4 *Jim= KArp Non' 2). nrliD-[(5(D + (5))+ 41
2di . , niof the| totahpepiphesn] walknf phr satoryhen itj is| exyuesged in terms of the
IC)][Mv.in; K N4 *tot ) =V Equation 1) In the Equation 1, E a
Total ORSAFYEdPEIeIHMAlEh rate (n2/s3) E g: Local shear stress in the

oap between e f oLt autFLBLOL(IELS Y, 65 bocal ceneuay dhast et on
flow raf egndrdlh thdYYRSF s HObRIraMtPISE abithting D1808 Bxtdlainy Rhaldly
from the center point of the rotary shaft of the rotor.

9. A rotor/stator type mixer, wherein the mixer having the
construction as defined in any one of Claims 1 through 8 is designed by
calculating the Equation 1 listed below to estimate the mixer’s particular
running time and the resulting liquid drop diameters of the fluid being
processed that are obtained during that mixer’s particular running time, the
mixer’s design being such that it allows the resulting liquid drop diameters of
the fluid being processed to be determined during the mixer’s particular

running time:

g, =&, +&
=[(v, -~ 2%)n ) D? D% ),  7'n'd’(d+4) N*-t,
poowT ST S(D+3)) 4N ln -d*+48(D+8)]|[\ ¥

=[w, -~ u7?)-n [k, + £, )]'[N;tm J

In the Equation 1,

¢ a - Total energy dissipation rate (m2/s?)

¢ , - Local shear stress in the gap between the rotor and stator (m?2/s3)
¢ s - Local energy dissipation rate in the stator (m2/s3)

N, : Number of powers (-)
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b : Thickness of rotor blade tip (m : Gap between rotor and stator
(m ns : Nunmber of stator holes (-) d : D aneter of stator hole (m
1: Thickness of stator (n) : Nunmber of rotations (lls) t. : Mxing
time (s) : Flowrate (ns) Kg: Configuration dependent term (nR)

Confi g t OudBpeRdEtw ketdw (-n stator (nR) : Configuration dependent
termfor the entire m xer 10. Arotor/stator type m xer as

def i nedyi: Nambeord otoChhides 1) t hrough 8, wherein the ni xer can be
scal ed up or scaled down by calculating the Equation 1 |isted bel ow
to estilhasantedeniofentar ticular running time and the resulting
l'i quid o:lrop di aneters t_hat can lé)e obt iati ned dur i_ng thiatt m xer's
part i cll:Ihicknesnef rotes:blade tiy(mks A 2 d3 + =RA p - N qdr2). n1D3[(
tS)) ] \4,- 5(6133 éa%)get%vl\éensrot%% a41-1d4gt(a]{:§r -|(-m§) 1 =RNNO7E2). nri-[D(Kg-FK

ns : Number of stator holes ()

d : Diameter of stator hole (m)

1: Thickness of stator (m)

N : Number of rotations (I/s)

tm : Mixing time (s)

V : Flow rate (m3)

K; : Configuration dependent term {m?2)

Ks Configuration dependent term in stator (m2)

K. : Configuration dependent term for the entire mixer

10. A rotor/stator type mixer as defined in any one of Claims 1
through 8, wherein the mixer can be scaled up or scaled down by calculating
the Equation 1 listed below to estimate the mixer’s particular running time

and the resulting liquid drop diameters that can be obtained during that

mixer’s particular running time:

£,=¢&, +&,

v, -~ 2*)n ) D’ D% ), x’nd>(d +4¢) N*1,
SR e ’ S(D+8)) 4N ln -d* +456(D+6)] %

— N ) ‘ tm E .
c V e« 8 8w s e @ quatlon 1

In the Equation 1,
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[Nt m In the Equation 1, a Total energy dissipation rate (nR/s3)
Local shear stress in the gap between the rotor and stator (nR2/s3) s
Local energy dissipation rate in the stator (n2/s3) Np : Nunber of

powers (-) Ngd : Nunber of flowrates (-) nr : Nunber of rotor bl ades
(-) : Dian®oeil efergytdissipntidn radh(:akeEss of rotor blade tip (m 6 :

Gap between rotor and stator (m ns : Nunber of stator holes (-) d
Di anet er , oiLosahsbeahetmesgip the Fdp bktwesen dhe sbtdwoandmpataor NimBié?) of
rotati ons Vs)
ocal energy dissipation rate in the stator (m?2/s3)
Ny : Number of powers (-)
Nqd : Number of flow rates (-)
n, : Number of rotor blades ()
D : Diameter of rotor (m)
b : Thickness of rotor blade tip (m)
§ : Gap between rotor and stator (m)
ns ° Number of stator holes (-)
d : Diameter of stator hole (m)
1 : Thickness of stator (m)
N : Number of rotations (I/s)
tm - Mixing time (s)
V : Flow rate (m3)
K : Configuration dependent term (m?2)
Ks Configuration dependent term in stator (m?2)
K. : Configuration dependent term for the entire mixer
11. A method of manufacturing foods, pharmaceutical medicines or
chemical products by using the rotor/stator type mixer as defined in any one of
Claims 1 through 8 in which the fluid being processed is subjected to the
emulsifying, dispersing, particle size breaking up or mixing operation,
wherein the foods, pharmaceutical medicines or chemical products are
manufactured by calculating the Equation 1 listed below to estimate the

mixer’s particular running time and the resulting liquid drop diameters

obtained during that mixer’s particular running time:
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t. : Mxing time (s) : Flowrate (ms) Kg: Configuration dependent
term (nR) Ks Configuration dependent termin stator (nR) Kr
Configuration dependent termfor the entire m xer 11. A nethod
of manufacturing foods, pharmaceutical nedicines or chem cal products
by using the rotor/stator type m xer as defined in any one of C ains
1 througt 8=i&, whFch the fluid bei ng processed is subjected to the
enul sifying, dispersing, particle size breaking up or m.xing

oper at i on, vvh |n thg fo g@ (:pfia’rmajeutl celn e siaps o QwergEal

products are”™ :§q I fpﬁ_ﬁﬂg ak ;é tgd bel ow
u aré? nni g ti me anggth

to estlmatethe mxer s prt sultl g
liquid drop dianeters obtained during that m xer's particular running
time: (D3b _j+ A-2n,260(d + 4E) S( )NANq , d2 +4S(D+ 5)
T SR K

P

=K, -(NV'I”' ] « ¢ » o« o o o Equationl

In the Equation 1,

¢ a - Total energy dissipation rate (m2/s3)

¢ . - Local shear stress in the gap between the rotor and stator (m2/s3)
s - Local energy dissipation rate in the stator (m2/s3%)

Np : Number of powers (-)

Ngd : Number of flow rates (-)

nr : Number of rotor blades (-)

D : Diameter of rotor (m)

b : Thickness of rotor blade tip (m)

§ : Gap between rotor and stator (m)

ns : Number of stator holes ()

d : Diameter of stator hole (m)

1 : Thickness of stator (m)

N : Number of rotations (I/s)

tm © Mixing time (s)

V : Flow rate (m?)

K, : Configuration dependent term (m2)

K; Configuration dependent term in stator (m2)

K. ! Configuration dependent term for the entire mixer

12. Foods, pharmaceutical medicines or chemical products that are
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In the Equation 1, E a Total energy dissipation rate (n2/s3) E g
Local shear stress in the gap between the rotor and stator (n2/s3) E
s Local energy dissipation rate in the stator (n2/s3) Np Nunber of
powers (-) Ngd Nunber of flow rates (-) nr Nunber of rotor blades (-)
Di anet efiaphifacdtieéd b udinghheknessifotturdhgmbihdead dpfine) i@aQldiei ween
rotor and stator (nm) ns Nunmber of stator holes O d D aneter of stator
hole (m 1 Thickness of stator (m Nunber of rotations (Vs) tm
Mxing tine (s) Flowrate (ns) Kg: Configuration dependent term (nR)
| C, Configuration dependent termin stator (n2) Ks Configuration
dependent termfor the entire m xer 12. Foods, pharnmaceuti cal

nmedi ci nes or chem cal products that are manufactured by using the
manuf acturi ng nmethod as defined in Claim1l.
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