Particle Size Breakup Device and Its Performance Estimation Method
and Scal e Up Met hod BACKGROUND Technical Field [ 0001 ] Cenerally,
the present invention relates to mxers, and nore specifically to a

m xer of the so-qgalled rotator-stator type thatincludes a stator
having a plurali (\I?al&*&%égﬁ? §a§pp ?\é@gaﬁﬂﬁ Etsr%?ﬁglwﬁé’tcei s di sposed
on the inner side of e _stato spa r{igular gap away
fromthe stator. Bacl%%%grﬁlﬁ&imn {\/B%g\gfl agéCPSg%i\}%U?’n%itfd?&l, it is

general that the m xer of the so-called rotor-stator type generally
conprises a mxer unit 4 that includes a stator 2 having a plurality
of openings (holes) 1 and a rotpgc&kkoeppspd on the inner side of the
stator 2 and spaced by a particular gap 6 fromthe stator 2. Such

m xer QkchhRal ®ie)d stator type is provided for subjecting a fluid
bei ng processed to the emulsification, dispersion, particle size

br eakup[ 06Dk i]nGremrerally, dhhepradamt! anventaoesselabys ttak imnigeaslv antla geof
the fact that a high shear stress may be produced in the nei ghborhood
of a gapetificadlanta hemgxar of ther sr-gallad rtatombtadpedapeahtt heltdxed
stator 2 This mixer js used for mxing_or preparing the fluid being
pr ocesStator fayings plugiaddy\dopemynss obpelscard Gneotor tht ehdispeged on
pharnacgutica[ n@%i%i es,, chem cal rgpgcts and o%?ers can b?_

manuf adReriader $ERO3heHEaR%Xandotr4eed PBHHPASHERET 8y vy fign the
cl assed ngording to the type of the circulation node for the fluid
bei ng pFO@&ssed, that is, one being the externally circul ated m xer

in whi idliquid being processed may be circulated in the
EELERAN

direc ted by the arrow 5a in Fig. 2, and the other being
the intenpebl yA€ishewW RAERARTE. XEr it 3 ¥Eh&Ih1aH 4t0th A nRBleR D PEIRE @8 SRdIdmRY
be circulated in the direction indicated by the arrow 5b in Fig. 2.

[ 0004 rhtdrogtattbe typx gefenilly bemholds-6 hiker unipe, thamiychliddses efitor 2
configurations and circul ati on nodes or systens have been proposed.
For examplieg at perality dffupehapgséselephilead appitoe & dimpobled o206 HO6H74
in which the m xer of the rotor-stator type and the particle size

br eakupidreehidie sfasopopod epacdhbw pirtitidanigegr d fromutles statorad. sruch

having a plurality of openings (holes) and rotor. di sposed on the

i nner @@@ropf tthe §?@t1'b$taé%gf§§§cé‘ﬂ H?F;‘PVHY%def@Ffﬁi‘ébJ@ﬁE}ngméy%ﬂ#@n%W@
stator. It is.disclosed.that the m xer.nmay be.ysed wdely inthe
71 ol ds PERCR TR e B LR i R R SIOTh RSB A BT R DO
ot her foods, chen.cal_pr C j d e Li R
it actr S MR R RGP sa R RV AT I e pRE AR hp
the sc f i f.oL; I filgGi i

Lhe  SCakRatnbyGt biRThes bon RAE AR Ruld 6c ol it 1RRirech IR £A0Y o
d ndi Ce&ofeitli'ﬁ% Rt h e deeai (I8P eikkadtadot DETRE HkERNCs&P thiBikR:
met hod for the m xers having the different configurations. [0006]
Not onloy fpeepahiagnither fohid Heeingt @rosésaedr hyfe has deswiddedadboyeof
but also for all other type mxers, it is reported that, when the

| i qui d-alpiplpsatiogisspemdiioh fopdsaphanmiacepsicai cutdicines; wismical rexdopte,
the drop dianeter size can be discussed in terns of the magnitude
(snal | pasksothergreeat hresmneiactwedsal ues that can be obtai ned by

o Rt o B Speh R
| cul ati t di ssipat.i t i i.scl d.
B e e AR

cases YBtcITRYy BF SPLIRTA uRASh | WRAROVAL AUaeTgRR Hpphehe L
_resul ts Ob% al ne %y € respective experinents lhavg een o nize
| nto theat 3RULiAEulaQEdEn tg{bt Eﬂ%ﬁﬁoﬁti&‘ﬁﬂc%ﬁ% (tﬁHt%J[l‘rB@_tSQri r%ﬁk%ﬁ%d

howev_er, It is considere at the mxer's particle size
functi QRel StHY Beﬁ{é %ﬁbei?htbi‘néh? dapuRetuepixénen’ @heth aaflﬂllﬁﬁab@fng

processed may be circulated in the direction indicated by the arrow 5b in



[ 0008] Several study cases are reported (Publications 7 and 8), in
which the particle size breakup nmechanismfor the m xer of the
rotor-stator type was consi dered and di scussed. In those publications
7 and %, i# i s suggested that the energy dissipation rates of the
turbul €A% f1ow will contribute to the particle size breakup effect,
and the i gl J br e I ec b fiE cy
(shear {B@é%ezc%ﬁo?%ehe&?%é&%ul%{]?ﬁ% gi\?v%\?mp?'ﬁg{vd%l cth%%he)f%%llr;fi gﬁg&ébﬁ{z]ce
breakup, ofi b &S tihSs RLAL B UMISHn LB SORRM s RkEAIShTe RN hHshdeal by
pr ocesg%ﬁléﬁf%%ggTqFor tﬁe sca el-up met h%’?tt?or tﬁeém’ x_grbofﬂ% he _1
rotor- gkah@le! RGe it RBE Y aPaiesB YR Eht AEPREASOLHRIP! 2004-50818)% ihRwMidhch
the final drop dianeter (maxi num stable drop dianeter) can be

obt ai neHe ke ftthe tabgstator tyipeeind whaipagtivds stk bidilkup howbvdrard s
not practical in the actual production sites and is of no utility.
Speci f peapdaed,t hereharte the mepert sneledas da ngtathe havuchg cagdsrahtywhefth
the processing (agitation and mxing) tinme of the mxer is the object

for conppuingt (erleshand: Aowdostdiegosedsen theeimatr gide of thacdghot end
T L oA RS AT 00 e
1o, Y B el Rl Ao Cr Al (R Dhatmansutinat et HaBsgRBr g
G0 sculURRaREy BT cpRRiDRdRE bRl PESAaLY ORRIGES: apChR; J8

[0010] The,d i Iﬂi’fiaﬁﬂu%‘dl?:ﬂ; GaLINdiMULR (Il i} ﬁ%%HHE'Hig&GE@d gdabfs

the patent application, is cited herein tor reference: Japanese

Pat ent {ApPddagat i fuetioA098- ROt FHornk &0 LA] tHbefField M dithple and easy
publ i cations, which are not related to the patent application, are
cited hesehéwr for reference: (1) David, J. Ti "Drop Sizes of Enul sions
Rel ated to Turbulent Energy Dissipation Rates", Chem Eng. Sci., 40,
839- 842[0008%)Imaddidaeondfd tHose pAsPhesirsabevansérimdatest (eovfesbriope
Si zes i n Honogeni zers (2) Agitated Tanks, Including_the Dispersion
of Vi sbeas reposted andhe meatorgence egtimatem metiwd( foygthe migens having
Cal abrege, g, V., M_K Francis, V. P. Mshra and S. Phongi kar oon;

" MeasurtBfehtiessrt ponfigaradions-prop Size in Batch Rotor-Stator M xer",

Nt her | ARHRCTSBBGPRIY 25 EAF ARPedtor (¢ YorRaydt’ By B f¥Rghind ove

M shr a; agdf,o ngi kar. j ' T s
Emal s, FEAES T ARGy B ARG, A5 Brtdd R, RER fie iflud tiguia
Enul si QRapdRion ob@rati¥ANin Faaiieq]di200&irs, 6P)exMi@pleY thE- dropdidmetl,
and C. hsu; "Liquid-Liquid Enulsification by Rotor/ St at or
HonmogeRiZatd @ he, didcussnd 110ké88s oReheasagndfde2kdh 2A2Beds1O96)¢atned}) of
arailler, F., M Heniche and P. A Tanguy; "CFD Analysis of a
Rot or - $hat ealdMxerhati tdanVilsc oalstalbhed dby, c&hedutibgg.th8ciaverde energy
2888-2894 (2006); (7) Uom, A T., M Baker and A. W Pacek; "Flow
Pat t er disfpatioti chty EudlEatiops D ssidp2l.i én thrse BablisaRensr 1Sando?,
M xer", Chem Eng. Res. Des., 86, 1397-1409 (2008); .(8) Parcelli, .
J.; " Thevagieantle arethodoior sedewatingEhe ayeratnie pribe dissipation gages is
(2002); (9) Uban, K. "Rotor-Stator and D sc System for
Erul si fqoééiglﬁ%lﬁsié‘%%%‘sf’é?l,y- Chem Eng. Technol., 29, 24-31(2006)

{0007] The publications 3 to 6 report several study cases that may be
applied to each individual mixer and in which the results obtained by the
respective experiments have been organized into the tabular forms. In those
study cases (Publications 3 to 6), however, it is considered that the mixer’s

particle size breakup function is only affected by the gap between the rotor



SUMVARY OF THE | NVENTION [0012] In the patent application cited
above, the superiority (performance) of the particular mxer and the
val ue range of the design on which the mxer is based are discl osed,

but the theoretical, grpounds on i C he mal ue ,range,of . the .
i gh: pERPoTLAk: 8o et RacResntES halbsh 08 HR S pRoBRD skt Rhermatie
and copf i gur atdan X i 6 rnence. m x ; not descri bed
speci fplgt%ﬁsyalfkeﬁsgfﬁl %gghngi)}ggle&%%&ggfg é%%ldfgf zr(egfnc’)llt(‘t1 %fg above

descri pg . o Y S i ndd ee tdheok ek
nave. bemn e B e R il o] ) P ik
i xer stRaWaRgicld18iAl bianany ntaHaasmaidiofe nlike MRFtheasREy-sEOWRISHe
those indices can only be applied to the individual m xers having the
same coifs @Hsadé @l ahd dibeiszetludh thasepubhionears, 7 hhdys, dannetghested
applied to the m xers of the various types having the different

conf i guhat tlomsnergVaistipAdonatnees above futhhdeat dloev atibibemtnd weddythe

cases in which the performance estimation nmethod and the scal e-up
met hodphaoticleheiee hiraadrup offfacte angt dhe staativle t3pe Mrgobupeeticdemaede

There are also no study cases in which those nethods c be applje
to t heaffestadsbpithe ABeqanGU 1@95@%@%&}1%{20? khe &P?‘P\éfeéﬁff?ow withwhich
configurations, and .the,data.on the results oRtained by the .
exper | KRAEaTbitIe R Aty RSB teabla'ohd,botarthel whie s BUFeF Gphe luidy
conpr egensi Ve.'%g-s 0015] For the performance estimati on nethod and
gcal e- Up HePhIEFOF the mixers of the rotor-stator type according to
the pri Foh i.nal P, }ﬁﬂfé . j .
st abl e g?%%éggghg%’l g%?%lé\f\gﬁgﬁ%%%ﬁ%dﬂ%ymg%@n%ﬂ% e str%rwg‘l%réscail ei Erjrtel\l/?l(?e
for eaghei Bekfatiadupdpdtitx e(P @ldcRe6M B) 1100 whRhdQWeC girtdl rdua?f QlarhBter

|l ong tine period, and were then estimated. Mre specifically, in the
prior &haxitienesfadploodest idigiicter)mehfiobe t fistaiged deringedhd doagtiingt e
the drop dianeters that woul d be obtained by using the |arge-scale
devi cemikact wahnpigdpetiodn Thst, ablostaven) ikomothpraitieals inf thhe actual
vari ous tépes and permtting such | arge-scal e devices to run during

t he paprpduttdent sites pord o, obrne Heikity. s Specidineillyat ihewe nBrhdep t1eRETEan
be used to estimate the parti.cul ar _drop di aneters, obtai.ned during the
oart | cAPERTLEENT Ry SERME CBFCs 1B BRUdbSRE RFOGPSHBE AETHIITR Mt SRigned

until such ticular.dro Laneters can be obtaingd. [00L For the
Sbove THHSSRTe i Ekit B b aMaETabE CRBE e e R D seL g edsts ¥
(devel g n d i cat | Qe t.had 4f. . Xer

bert or 1A Bre e P B8 b halE (A A0h MiTReHE BatChE A WRtithed
PT OCES 338 %H@?@%ticuiapgﬁ;eﬂ rhhniy pbRBaeA oudPIteEL® pREtdd ghat, the
present invention to provide a conprehensive perfornmance estination
et hod drbptdihtrcRstakidyshedssiRnditd by tofSidePih Atk neittel @rbbdssithg @ffeOf
t'he various types having the various configurations that are |1 kely
to be aktechld thesphynbenhe dfgrtiial partidroulthat hist besed t e thet erctaal
stator or the mxers of the various types having the different

ci rcul abeasnrsylsvetmss {exproweddat haldesh ga vepontml.t There sares nabsiwhed
by taking the running_conditions (processing tine) for such m xers
into cecASeYER &thléh;s%hdph@lftmévpﬁéstaﬁ@lﬁ%‘?ﬂjgla‘é@@ltlcﬁtélYnet hod (particle

[ b Kk h t hat i t abl i d, t d f fact ur.i
he. f0od0 Bhal HecEHOPCRE RRBHEFABS: SHICRHS Hit OBy Adiingr RS d00URE
d ib for. timation. met h d_ desi t hod. 0018] |
a 111 s AeRLEPPYRARAG: FhGR LT b TN TS Eoh Ol aim 1, 1t is
char act e ad b6 bk NaeofiDsels@f174e rotor-stator type

. calith KRS bride o !
conprisesTa m xe at 1 ncludes a stator having a plurality of

openi ng§ 00791 ©Bhe AR ihQ! PubLiBRLiohS, WISERSESE At ABatdeb SHPa@bnt
the stator and spaced by a particular gap away fromthe stator,

wher ei pMRA toif, ldtediRQl RBrdihoeeSSestelyet he m Xer is subjected to the
(1) David, J. T; “Drop Sizes of Emulsions Related to Turbulent Energy



=Chi N-vim- the Equation 1 [0019] In the Equation 1, E t: Total

Ener gy
in Sta
[s] A
Do Dia
Hei ght
St at or

.
P

Di ssipation Rate 1M21S31 E E 1: Local Energy Dissipation Rate
tor's Opening [n21s3] f1l h: Shear Frequency tpi: Mxing Tine

R T R G LR IR
PP G B ot o1 5 e
(2) Agitated Tanks, Including the Dispersion of Viscous Oils”, Chem. Eng.
Sci., 42, 1671-1676 (1987);
(3) Calabrese, R. V., M. K. Francis, V. P. Mishra and S. Phongikaroon;
“Measurement and Analysis of Drop Size in Batch Rotor-Stator Mixer”, Proc.
10th European Conference on Mixing, pp. 149-156, Delft, the Netherlands
(2000);
(4) Calabrese, R. V., M. K. Francis, V. P. Mishra, G. A. Padron and S.
Phongikaroon; “Fluid Dynamic and Emulsification in High Shear Mixers”,
Proc. 3rd World Congress on Emulsion, pp. 1-10, Lyon, France (2002);
(5) Maa, Y. F.,, and C. Hsu, and C. Hsw; “Liquid-Liquid Emulsification by
Rotor/Stator Homogenization”, J. Controlled. Release, 38, 219-228 (1996);
(6) Barailler, F., M. Heniche and P. A. Tanguy; “CFD Analysis of a
Rotor-Stator Mixer with Viscous Fluids”, Chem. Eng. Sci., 61, 2888-2894
(2006);
(7) Utomo, A. T., M. Baker and A. W. Pacek; “Flow Pattern, Periodicity and
Energy Dissipation in a Batch Rotor-Stator Mixer”, Chem. Eng. Res. Des,,
86, 1397-1409 (2008);
(8) Porcelli, J.; “The Science of Rotor-Stator Mixers”, Food Process, 63, 60-66
(2002);
(9) Urban, K.: “Rotor-Stator and Disc System for Emulsification Processes”,
Chem. Eng. Technol., 29, 24-31(20086)
SUMMARY OF THE INVENTION

[0012] In the patent application cited above, the superiority (performance)
of the particular mixer and the value range of the design on which the mixer
1s based are disclosed, but the theoretical grounds on which the value range
of the high-performance mixer design is based are not described. The kinds

and configurations of the high performance mixer are not described



N: Nunmber of Rotation [1./s] V: Anount of Liquid [nB] Ch
Configuration Dependent Termfor Gap [ns] [0020] In a second aspect
of the invention as defined in Claim2, it is characterized by the
fact that .in (i}he m xer as defined in Clalml the stator and the
rotor are Sm@ P{ged in such a manner that they can be noving closer to

each ot EG@l@{ I‘H%bggl?é %@#ﬁ@ 1@ b O E R %@v@{%@éﬂi Ilélbqihg:;“ rﬁ)gt L8k N

which the rotary s e rotor exten na-t aspect

of t heﬁ'aQt’ ?@!ﬁ@ Ledar éleifn'd”@é% GtBe@1%bM§ve 'bteehﬁ_ ep%?@@&é ehé %J%E'fo@)hérﬁ%
fact t in the mxer defined in Claim1l 2, the m xer includes a

pl ur al ekdinnftich ahefisodeh thavinigeds Hakiws tha, giffeae it egorifiguala t hiramger
and a rotor disposed on the inner side of each of the plurality of

st at or sn@tdeseac dibvyvear, fabté duldaresgegn andy e amppdach tofthehnditvad wals .
[0022] In a fourth aspect of the invention as defined in Claim4, it
i s chamzigees ihweunpytheheamactonfguratmon.hbn theexctagl d:afsemehownvanytlmye
of Cainms 1 through 3, the fluid being processed is introduced into
the gagaBBOhdEnapRbed ttat ties mikers 198 thet Bariars jodes wvipigethe daffersnfe
of each o% the stators and spaced by the gap away from each of the

st at or SONTBUEREENSI n a fifth aspect of the invention as defined in

i any BRG] 47 IRHER 8 ef)hf%ﬂ&ﬁglft U5 ePFhetr Thattuasy P i, A3qef e
a1 alpgebarles. e eadl g ab iy I PSSP 0Dy 102 hilBers of

0024] na six aspec e |nven I on as |ne

I's Cha%ﬁétl%'tblzggat%l‘ t,tyli';% fx%é Hhat dihgeaetmede fAk SR H@tétﬁa t8fses in
performance of the m'xer of the rotor-stator type conprisi ng a m xer
unit t h@hchnﬂid@em@h%ﬂat & haviapgliadptartaki hiixefs eperiengaridiel egpes
and a rotor disposed on the inner side of the stator and spaced by a
parti cllazingahe aliffgrémiocon fgusttadios, drel phodadedn titveredultd betamaeddoy
for estimating the performance of the m xer includes the steps of:

usi ng the eEBgeatnentsiobeiuoW stoiddetasesi e het beenlorgasizpd of exxdthn tinsh
rate E t, rreasurl ﬁgﬁt he respective sizes of the rotor and stator and
t he poﬁémprlé APFEWBRt s and fl ow rates during the m'xer running tine

Erié'nfg JHEOEENEPT HheBeEh Ghastte lur HHP R Bed od %: ﬂ@fe%ts#h”a%%é' ion
of "t ne et £eLkhE s hyy bé?f@%ﬁ%‘eﬁ% e %“?b@%@a B TRy
final drop diameters (maximum stable drop diameters) were obtained by

using the small scale device for each individual mixer and permitting the

£

device to run for the long time period, and were then estimated. More
specifically, in the prior art, there is no estimation method that can be used
to estimate the drop diameters that would be obtained by using the
large-scale devices {actual production installation) for the mixers of the
various types and permitting such large-scale devices to run during the
particular time period, or there is no estimation method that can be used to
estimate the particular drop diameters obtained during the particular
running time or the processing or agitating time required until such
particular drop diameters can be obtained.

[0016] For the above reasons, the performance estimation method and



=Ch

the Equation 1 Vm 10025] In the Equation 1, E t: Total Energy

Dissipation Rate [nm2/s3] E E 1: Local Energy Dissipation Rate in

Stator'
St at or
of Rot
St at or
Np: Nu

e

s Openg [nR1s3] fl _h: Shear Frequency tm Mxing Tinme Es] A
R A et
pEfor e g&&mgirag%ﬁm{@ds&aﬁq als@é bg yiBLap AR hfly ﬁed%?&c%%&&l@ |
liquids.

[0017] It is, therefore, objects of the present invention to provide a
comprehensive performance estimation method that is established so that it
can be applied to the mixers of the various types having the various
configurations that are likely to be affected mostly by the gap in particular
between the rotor and stator or the mixers of the various types having the
different circulation systems; to provide the design method that is
established by taking the running conditions (processing time) for such
mixers into consideration; and to provide the manufacturing method
(particle size breakup method) that is established to be used for
manufacturing the foods, pharmaceutical medicines and the like by using
the above described performance estimation method and design method.

[0018] In a first aspect of the invention as defined in Claim 1, it is
characterized by the fact that the mixer of the rotor-stator type comprises a
mixer unit that includes a stator having a plurality of openings (holes) and
a rotor that is disposed on the inner side of the stator and spaced by a
particular gap away from the stator, wherein when a fluid being processed
by the mixer is subjected to the emulsification, diffusion, particle size
breakup, mixing or any other similar process, the Equation 1 below 1s
calculated so that a particular drop diameter for the fluid being processed
by the mixer can be obtained during a particular mixer running time, and
the mixer is thus designed by estimating the particular mixer running time

and the drop diameters thus obtained for the fluid being processed.



N: Nunmber of Rotation [1/s] V: Amount of Liquid [nms] Ch:
Configuration Dependent Termfor Gap [ns] [0026] In a seventh aspect
of the invention as defined in Claim7, it is characterized by the
fact that a nmethod for scaling-up or scaling down the m xer of the
rotor-stator typegcﬁfﬁ)nfi,ginng a mxer unit that includes a stator
having a plurality of openings (holes) and a rotor disposed on the

i nner sidg of the stator and sg{aced y A articular gap away fromthe
stator is g{,pty,i(g,le;+d%§3\gag(r§1+ql h€s et df_itn | udes the steps of: using
el ow C

t he Equatijon 1° tlodca N.',dﬁfe values of the total energy

di ssipation rate Et on the experi tal mxer installation and/or on
the pilot plant gixer installation, and matching the values of the
total energyMi,s i pati@nedAkgon B t. thus obtained against the val ues
for the totalVellgrgy dissipation rate: Et obtained on the actual

m xer installation that is specifically intended for scaling up or
scaling down_the m xer so that the former Et values can conformwth
the | att@P1¢l tInthaBguation & el fs, htm Anti nr(D +25)D3h( dN + V rp

iji N %x ' i Vt he Equatj on .1 0027] In the Equation 1,
: £ t34110ta{ Elnergy Di551pat90n ate {m2?§3ﬁ 3 ] d
¢ - Local Energy Dissipation Rate in Stator’s Opening [m?2/s?]

f._h: Shear Frequency

~,

tm: Mixing Time [s]

A: Stator’s Opening Rate [ - ]

N,: Number of Rotor Blades [ - ]

D: Diameter of Rotor [m]

§ : Gap between Rotor and Stator [m]
h: Height of Stator [m]

It Thickness of Stator [m]

d: Hole Diameter of Stator [m]

Np: Number of Powers [ - |

Npda: Number of Flow Rates [ -]

:’/@N\‘;

N: Number of Rotation [1/s]
V: Amount of Liquid [m?]
Ch : Configuration Dependent Term for Gap [m?]

[0020] In a second aspect of the invention as defined in Claim 2, it is
characterized by the fact that in the mixer as defined in Claim 1, the stator
and the rotor are arranged in such a manner that they can be moving closer
to each other or moving farther away from each other in the direction in
which the rotary shaft of the rotor extends.

[0021] In a third aspect of the invention as defined in Claim 3, it is

-7.



t: Total Energy Dissipation Rate [nR/s3] E ELocal Energy Dissipation
Rate in Stator's Cpening [ M21s3] f,. h: Shear Frequency tm M Xxing
Ti rre [s] A. Stator's Opening Rate ] Ni,: Nunber of Rot or Bl ades |

tel g CBRPAR RSt BB g klﬁaefsﬁof?tets“frﬁ?%} g0 M Lt 1 b e
N oty AR ohhﬁ’ﬁﬁkf@v@&ﬁ%%asn%a@? Hi}’%@%{lff%eﬂcﬁ%@ﬁﬁe&ﬂ ]

Conf i 9yy.ahkeg: DeRERY: @§I 4% &JBsTeEl 133Re [iﬁ‘ﬁbr s.l@@%ﬁ]eacﬂ SR 'I‘H'ali’tﬁrp@Pt

of the 1 nvention as a|n1 , It 1sc aracterlze

fact tBadtohodsd sﬁ&@’d‘ﬁf%%éﬁ@éulﬁ"@%a@ AR ay Troeheblcef thy gsbu;@w are

manuf act ured by subjecting the fluid being processed to the

enmul si f[o@22Pprin di fpanhi aspeqtast ithé enseneiodr aakdgfined Xinn§loim aflyit is
ot her |ike process that occurs by using the m xer of the rotor-stator
type cohpradiemizethley bhadactuthiat inhdte inixd waledefinedsnamy sneadClhawnsrig
the plurality of openings (holes) and the rotor disposed on the inner
si de othrewgh & thhdlsidabeing pratesprt stinyodneepantd the gapderiwarathe
fromeach of the stators, wherein the foods, ﬁigh rnaggwilcal medi ci nes

or cheftagrs &%ﬁb@swawedwéc%ﬁba igres the ghafopeiany!
dt | sif t d b k

By ot RBrcrd Y Sheofi &visy forhgachet BREAERBH®1 bel ow and esti mat ing.

the m nggégﬁr‘h{‘% U 4% S‘sl?ectthgf A5,P; U STRLE S WAL 6 LEHT P 3fgned

qulng Xer Tunning
characterized by the fact that in the mixer as defined in any one of Claims 1

through 4, the rotor has a plurality of agitating blades extending radially
from the center of rotation.

[0024) In a sixth aspect of the invention as defined in Claim 6, it is
characterized by the fact that the method for estimating the performance of
the mixer of the rotor-stator type comprising a mixer unit that includes a
stator having a plurality of openings (holes) and a rotor disposed on the
inner side of the stator and spaced by a particular gap away from the stator

is provided, wherein the method for estimating the performance of the

N

mixer includes the steps of: using the Equation 1 below to determine the
total energy dissipation rate & ¢, measuring the respective sizes of the rotor
and stator and the power requirements and flow rates during the mixer
running time period which are included in the Equation 1 below, and
estimating the magnitude (smallness or greatness) of the values of the
configuration depending term in the gap, which are specific to each of the

mixers of the different types.



61 = efs,ht m= A nd4nr(D +25)1Y11(47] + m _2 "W" 191N4 V =Chi -t
] the Equation 1 V [0029] In the Equation 1, E t: Total Energy

Di ssipation Rate [n2/s3] E 1: Local Energy Dissipation Rate in
Stator's Qpening [nR1s3[ f, h: Shear Frequency tm Mxing Tinme [s]
A Stator's Openi fg=Rat/enls - Nr: Nunmber of Rotor Blades [ - D

D anmeter of Rotor [in] 6: Gap between Rotor and Stator [nil h:

Hei ght of Stator [n]
_| 4.4 1| 4¢ N, N
=l A" n (D+285YD°H —+1 “2-—1 —t
d qu;r V

N‘
=Ch(?tm]‘ ++« the Equation 1

[0025] In the Equation 1,
¢ - Total Energy Dissipation Rate [m2/s?] ¢
¢ .. Local Energy Dissipation Rate in Stator’s Openg [m?/s3]
( f._h: Shear Frequency
tm: Mixing Time [s]
A: Stator’s Opening Rate [ -]
N,: Number of Rotor Blades [ -]
D: Diameter of Rotor [m]
§ : Gap between Rotor and Stator [m]
h: Height of Stator [m]
1: Thickness of Stator [m]
d: Hole Diameter of Stator [m]
Np: Number of Powers [ - ]
Npa: Number of Flow Rates [ -]

f“w\a

N: Number of Rotation [1/s]
V: Amount of Liquid [m?3]
Ch : Configuration Dependent Term for Gap [m3]

[0026] In a seventh aspect of the invention as defined in Claim 7, it is
characterized by the fact that a method for scaling-up or scaling down the
mixer of the rotor-stator type comprising a mixer unit that includes a stator
having a plurality of openings (holes) and a rotor disposed on the inner side
of the stator and spaced by a particular gap away from the stator is

provided, wherein the method includes the steps of: using the Equation 1



1. Thickness of Stator [n] d: Hole D aneter of Stator [n] Np: Nunber
of Powers [ - ] Npd: Nunber of Flow Rates [ - ] N Nunber of Rotation
[1/s] V: Amount of Liquid [nB] Ch: Configuration Dependent Term for
Gap [ 030} I,n,a ninth asp of .the invention def.ined |

G o i Bty %P ERleriiRud B VAl RR PR e Mosal EpkiRY Phes et lrpg oh e
manuf a i: N e]c) ut 1 cal i ¢ r 1:.cal. ; by
subj cofTHg irea A aryeB s RGN SRS EhEFE IR RIGR: sRERHHASh,
di sper §haNm PREIAE! heSvaPudY QAKHR: BT 9Oy AMsHd1ein | idt8: PrOGESS
that occurs by using the mxer of the rotor-stator type conprising
the m yBtainedl abhaist rBkugaduddefost AT tdrali igeitolye dibsibakioty ke’ ¢ ¢
openi ngs (holes) and the rotor disposed inside the stator and spaced
by t heobadihiedubmrthgagpctasdymixanmindtailatamothatviespeaifidadl yrettfeaded for

i ncludes the steps of: using the Equation 1 below, estimating the

m xer sealmiggup i ore sealdng héownophdrmeitarpsdi thedt ths fohuerobt amees spn
the calculating step during the m xer running time, and nmanufacturing
t he foeesforphanhaébetatiar cnethleiees or chenical products based upon
the estimating step. et ,--- et fs.htm =[41r4nr(D+25) D3(74E + =
Chi h4 tthe Equatiep=le,Y m [0031] In the Equation 1, Et : Total
Energy Dissipation Rate [ nR2/s3]

4
e = Ax“n,(D+25)D’h[ff+1 Me |2
5 d qu;rz yp "

N%
=C{-—;—/—1m]‘ »+» the Equation 1

[0027] In the Equation 1,
¢ ,> Total Energy Dissipation Rate [m2/s8] ¢
¢ .+ Local Energy Dissipation Rate in Stator’s Opening [m%/s3]
f._h: Shear Frequency
tm: Mixing Time [s]
A: Stator’s Opening Rate [ - ]
"f N;: Number of Rotor Blades [ - ]
D: Diameter of Rotor [m]
§ : Gap between Rotor and Stator [m]
h: Height of Stator [m]
1: Thickness of Stator [m]
d: Hole Diameter of Stator [m]
Np: Number of Powers [ - ]
Npda: Number of Flow Rates [ -]
N: Number of Rotation [1/s]
V: Amount of Liquid [m3]

-10..



ELocal Energy Dissipation Rate in Stator's Opening [nR1s31 fs_h:
Shear Frequency t.: Mxing Tine [s] A: Stator's Opening Rate [ - Nr:
Nunmber of Rotor Blades [ - Do Dianeter of Rotor [m : Gap between

T SO T Sl s
HJ(TJ?{ZI F@%ﬁ&qﬁ%e%?gltj}?atl @Sgehﬁggﬁlt erm oré/%ée&, %@Hﬂﬁ 8lit is
characterized by the fact that foods, pharmaceutical medicines or chemical
products are manufactured by subjecting the fluid being processed to the
emulsification, dispersion, particle size breakup, mixing or any other like
process that occurs by using the mixer of the rotor-stator type comprising
the mixer unit that includes the stators each having the plurality of
openings (holes) and the rotor disposed on the inner side of each of the
stators and spaced by the particular gap away from each of the stators,

wherein the foods, pharmaceutical medicines or chemical products are

™

manufactured by subjecting the fluid being processed to the emulsification,
dispersion, drop breakup, mixing or any other like process by using the
Equation 1 below and estimating the mixer running time and the drop

diameters that are thus obtained during the mixer running time.

8( = 8! s,htm

4
=[A7r"n,{D+25)D3 (4—’+1I Ny qlﬁi, ]
2 m
d N7 V

N-l
-—C:{—V-t ] - the Equation 1

[0029] In the Equation 1,
¢ .- Total Energy Dissipation Rate [m2/s8] ¢
¢ © Local Energy Dissipation Rate in Stator’s Opening [m?2/s9]
f,_h: Shear Frequency
tm: Mixing Time [s]
A: Stator’s Opening Rate [ -
N,: Number of Rotor Blades [ - ]
D: Diameter of Rotor [m]

§ : Gap between Rotor and Stator [m]

.11.



10032] In the present invention, the index that is called the total
energy dissipation rate: Et is utilized. The total energy

di ssipation rate: Et that may be applied to each of the m xers of

t he vaht IS ngg%tg Vll the different configurations and circulation
syst ens tc=‘r o] fromeach of the manufacturers can be

cal cul at-pd; akarediyidy t he geonetrical sizes, running powers and
flowrates that are specific to the rotor and stator. The total

ener gy ddiEEsb MbnOdteh &t akot Ry be expressed by separating the

val ues of the configuration dependent termfromthe values of the
runni nN,conginbeonf depandednt] term both of which terms are specific to
the gap for each individual mxer. [0033] Wen the performance for
each i dNjavNamabenbkElow Ratesi nfat bd by the values for the total energy
dissipation rate: Et, for exanple, when the m xer performance is

est | naﬂ\edqbylbareofpﬁmitatmre[yske breakup trend, the magnitude

(smal | ness or reat ness the val ues for the configuration
dependefr'l‘ti’3~f‘c’1@tﬂI %mﬁe glr ed |n the m xer gap can be used. [0034]
When eagch jindjvi dual xer be .sc up, or scaled down, the
measur v(;?’&fégub? VPR §RS e“@n 1§'§rf‘a’i§§ gﬁlgﬁon rate: E " as coupl ed

\(I:Mehgi o ﬁﬁaﬁ‘égiﬁ‘dg‘hﬁl{‘] 3 FePRAT St t%éllqie%st AGERERS CHIBLRE 4 s
{:u ues g %ﬁ%plzleﬁdlb\r?s?ﬁl‘t% AL thdt %erg theﬁ%ﬁi&ﬂ&ﬁ efOOdS

he respective va ues (0] ove te

t hat tgﬁ ftﬁfdﬂéhtf%all MRHUEnE 8 N0 YN I M i difees |13 tﬁb)é&ﬁﬁgvﬁ{él%ld
[ 0035] Based upon the discoveries described above,” the m xer that

provi desindfedcesesd parilic leen SliszRcdrieak dispndicupaifitleatizenbreakup,
efficiencies than any of the prior art m xers can be devel oped and
desi gnewixasg t dre almiyghtlpar likempnee ssi Keat bhearsebiycaking ahd mixer of the
experinmentally. [0036] In the present invention, specifically, the
val ue raffgestiader tyre hpyiprpEnEdhvamdEe MLy tl@@hzméudpe@hel%atth@m
of the vaI es of the configuration d pendi ng.term (factor) in the

mi xer plaraieaet W@w%ﬁa@ qt@t weéslﬂs Fleﬁmst?éph@ald

f or each |n ivi SE? m. xer,. In order t |ve tF ues f

total &R&F p%tatwlﬁat%ap Eway é‘”ﬁr Bae it be"ﬁ P &%@Ot%e
oS ﬂ%ﬁ S 38 VELHE sHBTBGARPRCT BE S Ot s b ke
for the, %.t gg&tgéy I ong depeng e%tt%géfcﬁagwe t8)s | thdQPTh R di%p ﬂt@t

may be o tal using the ove propose guation. According to
the preahiflatingebidPRurine thal HExeANGdinat tl(f]@émﬁhdbﬁxa@ﬁtfﬁ@hﬁﬁﬁg the
asily by using the prior art index (theory) or is difficult to be
‘obt ai ndebdn)| pharinaceaticahsmeditiass uat | oheaaitabepastwithi Bhsel upoWOe |
According to the nethod for manufacturing the foods, pharmaceuti cal
medi ci eesinpatingesfegal products by subjecting the fluid being
processed to the enulsification, dispersion, particle size breakup or
m Xxi ng process that oLl Ss, by using the m xer of the rotor-stator
type, the particular mxer running time and the drop dianeters thus

obt ai ned rlng- the particular running tinme for the fluid being
pr ocessed__c nd Ngl cu t¥'ng\t he total energy

di ssipatit ’T?( % hp“E uation proposed by the
present in entl on and od‘s rmaceuti cal nedicines or

chem cal products having the de5| red drop di aneters can thus be
manuf act ur ed.NBRIEF D&SCE PTLON OF DRAWNGS [0038] Fig. 1is a

per spect i v&'|\vjréw i 117U #atdoR i xer unit that is included in the
m xer of the so-Called rotor-stator type; Fig. 2 illustrates the

m xer of the rotor-stator type that runs in the external circul ation
nmode (tfeoex]emnehd Eqeiatiod afed m xer) and the m xer of the

¢ ,: Total Energy Dissipation Rate [m?/s%] ¢

-12-



Fig. 3 illustrates the node in which the particle size breakup trend
for the drop dianmeters can be investigated; Fig. 4 illustrates the
node in which the experinental results on the m xer of the
rot or - st at or : - LK i rpals. e trl sfode (the
ext er nal 1I'yﬁ‘g Fgrlpclgff%gi g’gbrﬁg%g’r%)tiogl aﬁgg%?é?e%ﬁ?los ?g{eﬁllrfrlég e[b?ﬂse ﬂn|;er f or mance

of thegmp . -stator type that runs in the internal
circul gﬁ%ﬁglrlr%éeﬁ‘?ﬁ%@ﬁlkﬁ{ernally circulated mxer);. Fig. 5

i1 ust gatesxtieTigkdt] onship (particle size breakup trend) between
the processing (mxing) tine and the drop dianmeter for the

smal | - dc@tatdi xOpeohotieterot r-stator type;: Fig. 6 illustrates the
relationship (particle size breakup trend) between the total energy
di ssi pali bhumbéeoERotenBlades firdp di aneter for the small-scal e nixer
of the rotor-stator type. . Fig. 7 illustrates the rel ationships

bet weeR tiametvcadRefgrtliode and the drop di aneter and the

rel ati onshi p between_the processi ngrejii me and the estinated val ue
(t heor €t 1 Gap Redmigen Repon pad sHafor Hehl e ni xer of the rotor-stator

type; ,Fig.. il.lustrates the relationships between the processing
time a%ﬁ%gﬁa%ﬁaw&%ﬂﬁr and the rel ationship between the

processifpg. tine a the es{imated value (theoretical value) for

anot he?' @ﬁ&ﬁﬂ@?é&?&tﬁ%&efmlﬁ the rotor-stator type;; Fig. 9

ill “Stﬂ@tffotsietﬂﬁ%x% e%tdf@?tg%pfmﬁ)et ween the processing time and the
e the rela

irop dianeter an I onshi p between the processing tinme and

t he esty mabedpsalgedidigoreti cal val ue) for _ the medi um and
| arge-scale mxers of the rotor-stator type; Fig. 10 is a

per SpeNdeVthhB«\i\t bf FUusd 'Rdteg [ong exanple of the rotor that is
included in the m xer of the rotor-stator type according to the

pr esenfN:i Nuerhidrosf Rotafign [1/8] i s an expl oded perspective view
illustrating one exanple of the nulti-staged enulsification mechanism
that i ¥ énpboyedfLiquitklmiker of the rotor-stator type according to
the present invention;, Fig, 12 illustrat egntﬂe direct injection

syst emhavonEgusptiopddensnderd FesedobGamenibt or - st at or type

(b)is ?89?&%}1&% %3%%n¢?rév%%%o°rﬂiﬂ%2ﬁ@%i&étﬁ& i1 RhRdat e
oo EbSuiRaEBRo bR ol R G ERE TRl bR (R BRtPR B

t hat ar, i t i rketonar 9.xed y.
oo TR R A TR by bt oy RS e R

| NVENT lg@he rd n 0838 fuddtishes ahiddifGulab PEeseM s thyeaté offebed @¥omt dch
total energy dissipation rate Et which can be derived by cal cul ating

fihe Equdt ilen nlawihfeebubalsovannise walellated preppostdybfrobhehpr gsemetrical
invention is used to discuss, conpare or estimate the particle size
br eakupiafs, evhnipapowere ssidzBowredksphat ane speeifiche thexentopfandhetator.
rotor-stator type. o ,
The total energy dissipation rate’ e, may be expressed by separating the
values of the configuration dependent term from the values of the running
condition dependent term, both of which terms are specific to the gap for
each individual mixer.
[0033] When the performance for each individual mixer is estimated by the
values for the total energy dissipation rate: ¢ ., for example, when the mixer
performance is estimated by the particle size breakup trend, the magnitude

(smallness or greatness) of the values for the configuration dependent term

-13.



et = Elfs,htm An-4 nr(D +25)D3+ 4tNp dWX =Chi N4 -t j- the
Equation 1 V [0040] In the Equation 1, E t: Total Energy D ssipation
Rat e [rnZ/sS] E E 1. Local Energy Dissipation Rate in Stator's Opening

12 52k R LBV yp BT, (3] 5 Sator s pening

: Gap bF@)@‘@@P mteﬂrea?é?ldnﬁi@icﬂ.{al[mxel is to be scaled up or scaled down, the
measured values of the total energy dissipation rate: ¢ ., as coupled with the
values of the configuration dependent term and running condition
dependent term that are specific to the mixer gap may be used, and each
individual mixer can be designed by matching the values of ¢ .. against the
respective values of the above terms so that the former ¢ , value can conform
with the latter term values..
[0035]Based upon the discoveries described above, the mixer that provides

- the higher particle size breakup and emulsification efficiencies than any of

ey,

the prior art mixers can be developed and designed as the high performance
mixer theoretically and experimentally.

[0036] In the present invention, specifically, the value range for the high
performance mixer can be specified in terms of the values of the
configuration depending term (factor) in the mixer gap, and can be applied
to the performance estimation method for each individual mixer. In order to
derive the values for the total energy dissipation rate: ¢ ,, the present
invention proposes the equation that allows the value range not covered by
any of the prior art (conventional) mixers to be established in terms of the
values for the configuration depending terms (factors) in the mixer gap that
may be obtained by using the above proposed equation. According to the
present invention, the value range that cannot be calculated easily by using
the prior art index (theory) or is difficult to be obtained unless it is
measured actually can be established.

[ 0087 ] According to the method for manufacturing the foods,
pharmaceutical medicines or chemical products by subjecting the fluid
being processed to the emulsification, dispersion, particle size breakup or
mixing process that occurs by using the mixer of the rotor-stator type, the

particular mixer running time and the drop diameters thus obtained during

.14-



h: Height of Stator [n] I|: Thickness of Stator [m d: Hole D aneter
of Stator [m Np: Nunmber of Powers [ - Npd: Nunmber of Flow Rates [ -
N Number of Rotation [1/s] V. Amount of Liquid [nB] Ch Configuration

d . . ' I
EEEESyﬁE‘% pbFRR B BP0 A A CEREHS PROERRL Sop TR IR
Chear TYecmisuey VPR KPOroRT oRERey ANeRhE RL oL TPV R P e

[ 0042] plRak e Pres&iid B?\tﬁ@tﬂ@@enﬁ Devditien, Sn@ehbabhBACSh£aRab8utical
estimated by neasuring the magnitude (small ness or greatness) of the

val uesnfedicini® o€ eid it aidodctepentignthé desire@diop] diatmétees @ap. thus
Those val ues are specific to each of the m xers of the various types,

and cabeheanbfattmeddby neasuring the conponents included in the
Equation 1 for deriving the total energﬁ di ssipation rate E t.

mentioned earlier, suB?lIBE‘ PHS QRBIRT IO a4 ik WINEnD fl ow rates

during [he anning time and the respective sizes of the rotor and
stator.10¢ 3] As it is clear fromthe Equation 1 proposed by the

present _invention to al.low.the value. for the total  ener dissi. i on
Pate B Fifohit BabaoBesiverios HESHRHNE, Mt VRt botor pnded A the

fi ati dent, t El i ifict h of th i
of "t notyREF S e DRI bR b enti ng on the gap between the
t : . v abh t QF'.g .h Kol t . ;
Gator Mg aoafistiardl L GuieR O tholfb 6 UARE Hrpf Ul 2B jn the
number 9fe, il QWifal188ioNAR oz xtl;cléegtélﬁ%lﬂﬂmeﬁlaqu REVRLS abB fhrelmixdr of

0044] Then, the performance of each of 'the m xers of the various

types ¢R® Bsroesdtht®m agply tEefpPRinddin( @bkl Mtdrna)l tReulmet tmdde (the
(smal | ness or greatness) of those values. [0045] Then, the

per f or imfeeeadly eéachladédtrhexer xers of the various types may be
estimated by conparing (estimating) the values of the configuratiaon
dependi Higt2ilusQiatps fhe anoddin sthachrthatvaiidle sazrebogakure teaorbbmethis
included in the Equation 1 proposed by the present invention for
deri vi A§op Wéamatars epe bgyinyestiggiedion rate Et. [0046] More

MR AT RN UL IRy .
val e Sl Bt AR ! S Eabat A08gl5n, R (s
STl AR BSe0 )  OUNS e e PO S e
per f or BRARGS oTithelrotdRsRRodeFHERREL tHRY 2h @REAnddih AlabFduiatied)mode (the
(aCCOF dlirr:i?ell};l'ally circulated mixer);.

Fig. 5 illustrates the relationship (particle size breakup trend) between the
processing (mixing) time and the drop diameter for the small-scale mixers of
the rotor-stator type;:

Fig. 6 illustrates the relationship (particle size breakup trend) between the
total energy dissipation rate ¢t and the drop diameter for the small-scale
mixer of the rotor-stator type.

Fig. 7 illustrates the relationships between the processing time and the

drop diameter and the relationship between the processing time and the

estimated value (theoretical value) for the small-scale mixer of the

-15-



[0047] By matching the values of the total energy dissipation rate E
t - obtained on the experinental rotor-stator type m xer
installation and/or on the pilot plant installation against the total
energy._ is_sig tjé)n rate Et the values for the total energy

di ssi pRRiesiFL gcfle % obtained on the actual mixer installation

£t o fisk %% ARRRLINES WOt RER MG HBEREOR e BhotRshliR tihSn 8 kS
that the, Mpgh 8P L6 %gxé'l%@aﬂengﬁﬁ%t@geﬂoem- préQ248le B¥me and the

cal culati'ng the values for using t Equation 1" proposed by the
presenggtifsrall PalfONtlERybYicAD valife) FbRlarRRBESYsHhBESiddd i Akdrabe thet
when the foods (such as dairy products, drinks, etc.), pharnmaceuti cal
medi ci p@®r{stdedr aspd;he quasi -drugs) or chem cal products (such as the
cosnetics) are to be manufactured by subjecting the fluid being
processFik.t 9 iilueterheksite calaitomshdps petwieon, tlpaptociseing Zenbr zak e

m xi ng _or any other process that occurs by using the mxer of the

r ot or - drep siamgser and ithearedatipoahip besveenode Poerkssiphdimacend ithe)
medi ci nes or chem cal . products can, be nuf act ur ed estimating the
m xer PEmatgdt Yakuealtheorriiealopr ek der gﬁ@ 88 wm&n@ﬁﬂ%@sgi@ 13&3S
runni ngﬂ%}%rre‘ gﬂ(')"[ the‘%l uid being processed. [0049] As noted, it has
been d & EPUTEF YT t¥R enbodi ment of the present invention that the

(i o 1 §act TR Boimmer o ES, PERRRRE bR ERPRLA e UER it
manuf agt Hadqage l%"h%' DxbP. 613’“?11%&‘%'%8%1:&%59%5 M B8V BN o 992 Pg%ﬁrﬁ

feeling, physical properties, quall an 't ke, and are a

excel | gp¥edtiom t he vi ewpoint of the hygienic care or workability.
Therefore, the present invention should preferably be applied to the
manuf act Bige 0f it hen kaplislal pphgrevbeuticsalillnechating snenex@mple of the
particularly it should be applied to the foods. Mich nore preferably,
it shomudltbetagpl émailsididatimmmechaniendbapisenmploged daithy podudde
The nost particularly preferred application of the present invention
i s t herpiarrstatyetepiposmeing dadhaaivegent sarttso®hat contain the

hi ghl trated ition., - . 0050 in the .t | .
LN S RN R S o
di t i cl i b K t A liquid that .simul at :

0 e o R30L4 5L 550 SRR Tl e B R T LD
d di I K1 121 Mo [V . Siqul at t he dai duct tai
0,0 GBS R o gL LR Bl e e daiy produc contai s

rapes eeqbig.i i 38N WRIRE - tHd Pela®iPR@Bi) (PR-AR sk wre%rk%gh\@fu)i We thakde
1. Table Conposition Ratio of Sinulated Liquid for | kK Product

(Conposithi ol kerRigudissipaeent rate { MIANE. 0% Rapp Seedetd 4vhéh the
Vit er 87. 5% | bt aL100% Rat i oPr ot ei n/ Wat er 9. 1%
nutrition regulated foods that are available on the commercial market are
mixed together by using the mixer of the rotor-stator type.
BEST MODE OF EMBODYING THE INVENTION
[0039] In describing the present invention below, the total energy
dissipation rate & which can be derived by calculating the Equation 1
given below and which is proposed by the present invention is used to

discuss, compare or estimate the particle size breakup effect (particle size

breakup trend) in the mixer of the rotor-stator type.

-16-



Ql/Protein56.3% O | /Water5. 1% Properti esDensityl1028 kg/ nB

Vi scosityl5 nPa..s [0051] The m xer performance was estimted on the
experimental basis by checking the particle size breakup trend for
the drop dianeters. As shown in Fig. 3, the externally circul ated
uni t was prOV|ded€gaﬂﬂfiﬂa drop diameters were neasured on the niddle
way of the fluid path by using the |aser diffraction-type particle

si ze anal yzer (SALD-2000 as ffered y Shi mazu Manuf acturi ng
Conpany) .— /{] §§+i Dt’ eipr e i Ml o] however, it is found that
as far as e int er dCI rcNI ate ;xe‘r | n parti cuI ar i s concerned,

it is difffcult to grasp t he partlc si ze breakup trend for the drop
di aneters en the particle size breakup trend for the drop dianeters
is reviewed|dh t Ee OXPQrEfBRt &l jbasis and the m xer performance is

t hen estimated. "fFor the |nternally circulated m xer and the
externally circul ated m xer, however, they are common in that either
of thos rs co rlses the m xer unit 4 which includes the stator
2 havi ng()@ﬁ@ dlnufifhaﬂ yagtoropeni ngs (holes) 1 and the stator which is

di sposed i nner_ si de of t 3 and spaced by the
particul a?ln E%nelgﬁé}‘sﬂﬂﬂﬂqrh 3§?i az?%; as shown in Fig. 1. \Wen

t he perfor n of th |nternal CII’ ed xer S, t
est i mated. E%ﬁ g%égﬁ éSW Rt h%‘t?ﬁa ?95) 1 \rq@'?jz/% estimating
ae extferﬂaghxalc:%%gggﬁ m xer, under the assunption that the

ter naf‘ty Cci'rcu er conprised the sane mxer unit as the
external | ¥rigig£oh@akgd] m xer which included the rotor and stator each
havi ng the san® di mensi on (size), configuration and structure as the

exter nd:1Qtagbrs Ophfidgmxey [ a3 shown in Fig. 4. [0053] Then, the
respective performances of the three different m xers were conpar ed.

The sp@&i Nwabboos Ruftot Biadesi xdrs which were used for the conparison
are given in Table 2. CDco c09. .er .-4 &CO..

D: Diameter of Rotor [m]

§ : Gap between Rotor and Stator [m]

h: Height of Stator [m]

1: Thickness of Stator [m]

d: Hole Diameter of Stator [m]

N,: Number of Powers [ - ]

Npa: Number of Flow Rates [ -]

N: Number of Rotation [1/s]

A

V: Amount of Liquid [m?3]
Ch * Configuration Dependent Term for Gap [m5]

[0041] As described above, the the total energy dissipation rate ¢t may
be expressed in terms of the product obtained by multiplying the local
energy dissipation rate ¢, and the shear frequency fsu for the gap between
the rotor and the stator.

[0042] In the present invention, the mixer’s performance can be estimated

by measuring the magnitude (smallness or greatness) of the values for the
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configuration dependent term: Cn [-] in the gap. Those values are specific to
each of the mixers of the various types, and can be obtained by measuring
the components included in the Equation 1 for deriving the total energy
dissipation rate ¢ ¢ mentioned earlier, such as the power requirements and
flow rates during the running time and the respective sizes of the rotor and
stator.

[0043] As it is clear from the Equation 1 proposed by the present invention
to allow the value for the total energy dissipation rate ¢¢ mentioned
earlier to be derived, the value for the configuration dependent term: Cn [-]
is specific to each of the mixers of the various types, and may vary
depending on the gap between the rotor and stator & [m], the stator’s hole
diameter d [m], the stator’s number of holes ns{-], the stator’s thickness 1
[m], the number of flow rates Nqa [-], and the number of powers N, [-].

[0044] Then, the performance of each of the mixers of the various types can
be estimated by comparing (estimating) the magnitude (smallness or
greatness) of those values.

[0045] Then, the performance of each of the mixers of the various types
may be estimated by comparing (estimating) the values of the configuration
depending term: Cu [-] for the stator which is one of the components
included in the Equation 1 proposed by the present invention for deriving
the total energy dissipation rate ¢ .

[0046] More specifically, by comparing (estimating) one of the components
included in the Equation 1 of the present invention for deriving the value
for the total energy dissipation rate ¢ ¢., that is, the configuration depending
term: Cpl-] which is specific to each of the mixers of the various types, it is
found that the performance of each of the mixers of the various types can be
estimated and the high performance mixer can be designed (developed and
fabricated) accordingly.

[0047] By matching the values of the total energy dissipation rate ¢t

-18-



a)CONC" NGC Z< riEETI E5 [ 0054] The m xer A has the capacity of
100 liters, the mxer B has the capacity of 500 liters, and the m xer
C has the capacity of 10 kilo liters. Those m xers are offered by the
sane nan fac%iurth%and are

o TR e 00PGSe RA L AR e PP SO TR

i E:hh][ 19erenI%itl é%)a&afﬁlgﬁlgsféaﬁ\q? 1@3@5%{%%? algf%q %Ilzaevxcgr éEatnd

L o et i o

exper i meRealinsath tid0dsteid dofeesealied uh ofakhEng dowd tKX ixer o that
the former ¢ ivalues can conform with the latter ¢ ivalues, it is also found
that the mixer can be scaled up or scaled down.

[0048] By calculating the values for using the Equation 1 proposed by the
present invention for deriving the total energy dissipation rate &t when
the foods (such as dairy products, drinks, etec.), pharmaceutical medicines

{ (such as the quasi-drugs) or chemical products (such as the cosmetics) are to

| be manufactured by subjecting the fluid being processed to the
emulsification, dispersion, particle size breakup, mixing or any other
process that occurs by using the mixer of the rotor-stator type, it is also
found that those foods, pharmaceutical medicines or chemical products can
be manufactured by estimating the mixer running time and the drop
diameters obtained during the mixer running time for the fluid being
processed.

[0049] As noted, it has been demonstrated by the embodiment of the
present invention that the nutritive components (which correspond to the

{ components such as the fluid foods, the powder milks prepared for babies)
which have been manufactured according to the present invention have the
good taste feeling, physical properties, quality and the like, and are also
excellent from the viewpoint of the hygienic care or workability. Therefore,
the present invention should preferably be applied to the manufacture of
the foods or pharmaceutical medicines, more particularly it should be
applied to the foods. Much more preferably, it should be applied to the
nutritive components or dairy products. The most particularly preferred
application of the present invention is the nutritive components and dairy

products that contain the highly concentrated composition.
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[0050] Change in the total energy dissipation rate ¢ ¢ versus the resulting

change in the drop diameter (particle size breakup trend):

Aliquid that simulates a dairy product is prepared so that it can be used in

estimating the drop diameters. This liquid that simulates the dairy product
contains the milk protein concentration (MPC, TMP (total milk protein)),

rapeseed oil and water. Its composition and ratio are given in Table 1.

Table 1 Composition Ratio of Simulated Liquid for Milk Product

Composition Milk Product Concentrate (MPC) 8.0%
Rape Seed 01l 4.5%
Water 87.6%
Total. 100%
Ratio Protein/Water 9.1%
Oil/Protein 56.8%
Oil/Water 5.1%
Properties Density 1028 kg/m®
Viscosity 15 mPa-s

[0051] The mixer performance was estimated on the experimental basis by
checking the particle size breakup trend for the drop diameters. As shown
in Fig. 3, the externally circulated unit was provided, and the drop
diameters were measured on the middle way of the fluid path by using the
laser diffraction-type particle size analyzer (SALD-2000 as offered by
Shimazu Manufacturing Company).

[0052] In the present invention, however, it is found that as far as the
internally circulated mixer in particular is concerned, it is difficult to grasp
the particle size breakup trend for the drop diameters when the particle size
breakup trend for the drop diameters is reviewed on the experimental basis
and the mixer performance is then estimated. For the internally circulated
mixer and the externally circulated mixer, however, they are common in
that either of those mixers comprises the mixer unit 4 which includes the

stator 2 having the plurality of openings (holes) 1 and the stator which is

.20-



(L) r00a AOta 03 P4 [ 0056] Then, the relationship (particle
si ze breakup trend) between the processing (mxing) tinme under the
runni ng conditions shown in Table 3 and the resulting drop dianeters

(par 1 SFPEED S e RRREE Pl edsf Pt B, 8 et 40,67 P aPLE ey g

rate a N

Fig. GrBd %J‘)ggggéﬁi l{Phe&rag at i g%%@ﬁ,\fﬂ; E%r%?é QW g{’g zrféﬁ%e éailﬁl trend%frthe
bet weem thaap %&%&E‘a@@d (n'inéé& ”a@ais Eha® eNfdeS teline iU N80 O 'B‘:}' ﬁélﬁ%sth!en
Table 3 and t resulting drop dianeters (actually measured val ues)

for theeHilas Ybthsed by é’stléaftfh%mﬁe raxtefn 11y ifdiflwhed Mnfxed, uhider the
together with the relationship between the processing time and the
est i mahesumaltitas thahels ehicaalalyativea)attdrmiz;evr aimpoisedNd. sdmanditer
bei ng based on the stator No. 2 in Table 3. 100581 In addition, the
rel ati umshap thpaaxtevhallgiczeeatak upxer entichbacheded the 1pt01'celsé|smgt01
(m xing) time under the running co ons in Table 3 and the

resul t PAgh draspngi theet s Q%’e%pny{] r@sm@@gvm@@%)w%ﬁt&‘mu& asdmhe
Nos. 4 and 5. jn the mxer Ais shown i 8, together with the
rel ati 8REHDR! e’f%‘éﬁ@ﬁ@%ﬁ’%&%%@%‘ﬁntlp gaﬁ’cl the estimted val ues

Tanre 3 00FehaGielry H%‘érﬁsp%c st o BB UPLAER Dol FoPnefisdia o
uhi ch Wne GRALISK Bl BLIHGEAY FY SR I ie,Ra0T g a4

éependent ter wer e conpar e thé resu

Fi gs. 50151@' E’%h%e g;velnsn{ Bﬁa phat the estimated val ues (theoretical
val ues) measur ed v ues (actually neasured values) wll

exhi bit the simlar trends. For all stator nunbers, it is also found
that the particle size breakup effect (particle size breakup
performance wi Il becone higher as the values for Ch/Ch_sta are
greater. [0060] In addition, for Stator Nos. 3 and 4 whose val ues
for Ch/Ch,td are substantially equal, it is found that they wl|

exhi bit the substanti ally simlar particle size breakup trends. By
estimating the m xer's performance fromthe Ch/Ch_sed and total
energy dissipation rate t, therefore, it is also found that it is
possi ble not only to grasp the qualitative trend but also -

e
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account for (estimate) the quantitative trend.

[ 0061] When the

results obtained by the experinents were organi zed properly with the

processing (mxing) tine being given along the X coordi nate,
it was found that the changes in the drop dianeter (particle
coul d noty be expressed (esti mated)

0065 | Wien the results obtained by the
plgtgei\gtglthe total energy dissipation rate E t
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F|{t even tho
igh 700 it
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i ption tha
mat chi ng

I can be said that the total energy

an be obtai ned by the Equation proposed
ves as the index that allows the

[ he stator-rotor type to be estinmated by
m xer running conditions and

[ 0065] For the mixer B that is the

xer Cthat is the large-scale m xer, the
eakup trend) between the total energy
drop di aneters as proposed by the

Fig. 9. It is found that the drop

al ues (magnitude) for the total energy
ugh the m xer may have a different scale

ers. It is also found that the drop
lar particle size breakup trend even
bdl es. [0066] It may be apparent from

-5t he m xer of the rotor-stator type
tﬁe m xer agai nst the val ues (sizes) of
[

The gener al
10

t he total di ﬁiﬂpaﬂg_@q‘ fAate Et proposed by the present

i nvention t mak et c%g conformw th those val ues, and then
by taking ififerences in IfAe running condition and configuration
i nto account re¢hensively. 1 2[0067] For the m xer which depends on
its opening; ) |t he presepd invention allows the mixer's
performances gsti magi on and scpEe-up operations to be performed by

t aki ng theé%articlewsteﬂbL ap operation effect and enul sification
effect into accoynt Ecdes eheBpi vely. According to the present
anention i n| oneofl 8 spechfic forns, the theory that is applicable
to a wider range}of m xegs, can be inplemented and devel oped on the
basi s of the perfornad§§g§§ti1ation met hod and scal e-up net hod whose
usages heret o haye il doeStr|{ctive. [0068] (Configuration and Design
of Hi gh Perf ¢rmange 2§eaﬁ§ n the present invention, the
configuration of |t '@“q‘)éformance m xer can be defined by using
the values for the L‘Egh*ébqygy dissipation rate Et derived fromthe
Equati on of the j eﬁ@é@/éﬁh.ion as the index that nay be used to
esti mate thejnixeér'|s perd @ mahce, and then by using the values for
the estimation that results fromthe above as the reference

i nformation. Then, th% hi gh performance m xer can be designed from

structure of the m xer that may thus be
t hrough 12. 10069] (Moving Stator)

Wien theophX3rTRE hbe:r &I RSs $hat ApdiRe of L 0MSREeLD WeSaaky¥e K W) tide

powdery material or

l1quid materi al

and to thereby manufacture the

enul si LhpdcRyosUSHE Jilcsi SnaAOsisd Rhisel NBthAd@hai csgyaciiyl bf MOORASSIidie.

Those mixers are offered by the same manufacturer, and are available on
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bubbl es produced by m xing the powdery material. For those years, it
has been known that if the mxed liquid is enmulsified with such fine
air bubbl es renaining inthe liquid, the particle breakup or

wth oA Sl REATERRREE ffeclﬂf}‘a%v‘:’%.t% s thee it ot Five
bubbl eg; &Ry [ﬁgeb' n(éﬁ%f NG 111, L G0 el 5108) o rswﬁmﬁ%gas a

fine arr ei ng ed at initial ‘stage of disso ving
the powpesyentBify dk, o %{@B%fﬁeleﬁt herdes &aéaéeqnhget(hme) m %@éhbﬁn
equi pped Wi th a noving stator mechanism In particular,

powder i Mabes Rakverbatuldiyd.t end to produce the air bubbles nDre
easi8ly is processed so as to manufacture the enulsified products, it
i s nor e[ @55 die ekpatiniduetati coardisioos| andehequappedfoni the t b nave gy
stator mechanism By noving the noving stator away fromthe rotor at
t he i nilissapavngeatefthditswerey imegasuredponder ythoae exiparimentalpeowiditipns
material can be diffused quickly into the Iiquid being m xed or

pr epar 8¢ PTﬁ’F%ﬂf@éﬂnb'Ealﬁéﬁor med wi t hout causing any high energy

di ssipation. It is preferred that the dissolving, particle size
breakup and emul sifying steps for the powdery material should be
performed by noving the stator closer to the rotor on the production
node. [0071] (Multistage Honmogeni zer (Miltistage Enulsifying
Mechani sm)  As descri bed above, it is confirnmed that the performance
(effect) with which the particle size breakup or enulsification
operation occurs will becone better as the values of the total energy
dissipation rate t derived fromthe Equation 1 proposed by the
present invention becone larger. [0072] Then, it is desirable that
the m xer includes several mxing portions forned in the gap between
the rotor and the stator. [0073] For exanple, the particle size
breakup operation nay occur on the prelimnary node in the gap
between the first-stage rotor and stator, and may then be perforned
on the production node in the gap between the second-stage rotor and
stator. [0074] (Direct Injection (Direct Injection Adding
Mechanism) As it is clear fromthe m xer performnce estinmation

whi ch serves as the index for the total energy dissipation rate E t
derived fromthe Equation 1 proposed by the present invention and
fromthe results obtained by verifying the value for the index, it is
confirmed that the particle breakup or emul sification performance
(effect) will becone better as the value for the above index becones
| arger. [0075] Then, by delivering (adding) oils, component in its
undi ssol ved state, mcro conponent or other simlar conponents
{hlrectly into the mxing portions (m xer section), the enulsification
or dispersion operation can be performed nore effectively.

Particul arly, when those conponents are delivered (injected) directly
into the first-stage stator (the stator |located radially inwardly),
the emul sification or dispersion operation can be perfornmed much nore
effectively on the production node by the second-stage stator (the
stator located radially outwardly) that follows the prelimnary stage
of the first-stage stator. [0076] (Configuration of H gh Performance
M xer) As described above, it is confirned that the particle size
breakup or emul sification performance (effect) will becone better as
the values of the total energy dissipation rate Et derived fromthe
Equati on proposed by the present invention are |arger. The opening
(hole) formed in the stator should desirably have the round shape

i nstead of the conb-like shape. [0077] Note, however, that there is
a risk that the powdery material m ght bl ock the passage through the
opening (hole) if the stator has the hole dianeter of |less than 2 mm
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L =00 1]%1‘3 foll ow ng description provides several

4 enbodi ment of the present invention by
nyi ng draw ngs, but it should be understood
@n is not restricted to those exanples of the
&in and that various nodifications or changes
Eting fromthe spirit and scope of the
28 in the appended clainms. [0082] By
t hrough 12, the summary of the high
e provi ded bel ow. The honpgeni zati on i ndex:
omthe Equation 1 proposed by the present
b the index for estimating the performance of
er, and the configuration of the high
b defined by using the results that are
e estimation for the perfornmance. Then, the
an be designed by using the definition for
er thus obtained. [ 0083] The m xer of the
ed by the present invention may be
t that the m xer conprises the mxer unit 14
ity of stators each having a plurality of
t rotor disposed on the inner side of each of
y the particular gap away from each said
el enents are the sane as those of the prior
tator type that has been described above.
description is only directed to one exanple
ch has the construction and mechani smt hat
invention. [0084] The m xer unit 14 for the
r type according to the present invention
d stators 12, 22, each of which is
Figs. 12 and 13. [0085] Each of the stators
a plurality of round shape openings 1lla, lib

tqg 2,§n £he prior art mixer unit 14 shown in Fig. 1.

22, the stator 22 has the circunferenti al
than the stator 12, and is arranged

The rotor 14, &n the Enn
. [=]
di sposed and
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h pl
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enbodi nent shdwn
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agitating bl
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yaon hegm
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rotation 17 and the outernost end 16. The | ongitudi nal

172about which the rotor
or exanpl e,
13a, 13b, 13c,
Each of the agitatgng blades 13a though 13h has a | ongitudi nal
15 formed in the

xer unit 14 as shown in Fig. 12 (a). [0087]
er side of which the stators 12, 22 are

he particular gap away fromthe rotor 13,
y of agitating blades extending toward the
13 rotates. In the

13 is equi pped with eight
13f, 13g, and 13h. [0088]
groove
center thereof and | ocated between the center
groove 15

is

the rotor
13d, 13e,

has t he [9886]dTasR ¢he fielatbhslag (paitide diaddneakapsiendh dretie nrtxer

processing (mixing) time under the running conditions shown in Table 3 and
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10090 ] As it is apparent for the mxer unit 14 in the m xer of the
rotor-stator type that has been descri bed above, the rotor is

di sposed on the inner side of each of the stators 12, 22 having the
different cirgunferenti.al di aneter,and.spaged by th ar td.cular.wga
vy 1 PO EaEfEs SRR LRm e R T hE TR Eresrie P15 e oy pEh
in the. dir L: L QW . i a 7 .

ot at e ipagtepleln RaPUFRY S BEoSRUR ARp Ml BRSidiat ledfhey

| nel udafgi b ol it BRP EhS QBsﬁRﬁ?%ﬂ%fi aflhaldeyrd myefil oiapd A ResHb¥Ng
portion located radially outwardly 1s created. This nultistage m xi ng
sectiopypeENBts the m xing process to occur with the high
performance. [0092] In the enbodi nent shown, the m xing portion

| ocat ed[ 084i7a) |'Thé nveladionsimy beatidat efkebdirnsainpt Heewdt dfetpeseinp hidveal
surface 15a of the |ongitudinal groove 15 on each of the agitating

bl adespt@assmplghxtdh Bk tnder riher rypsningheraditivals il Tabdd 3t ard the
stator 12 and between the inner peripheral wall 15 of the

| ongi t ﬂ@ﬁlﬂélnggdmélﬂ@eb&i‘seé@hu y oheaayiedatdlngsbfoadde IBdor ¥wudh 2,
13h and t h@hé)ut,er peri pheral, |1 12b of the,stator 12, The m Xi ng
porti oR iokht BHXPRA K PYOBDRRF -y FeFe eI WE petaieas iRk s

NS R R N R AT e
hew 1] f i i h ,
190951 LDV e R PLRST IS L O PE o1 2,00 12

the rot gﬁo%] i 5@&11;9&%%@ QUatiBnthe ($18id10EM Y bsdallp He ) Bdtereen
I'n the enﬁ) %

rotor 13 extends. odi nent 'shown, the rotor 13 can be noving
in thetHs rASLEQNINST (AIXIAYE tidde Aldrtid Gundfng RoWHiEInd BE T4H1ArY and
shaft 17 extends. [0094] The m xer of the present invention can take
t he t wehstrateking ddescdirhedesatddtanliytinabsissd eadefngthdStatat Nokn
which the mxer unit 14 can be created by allowing the stator 12 to
be fit teandrb theheongkeudi nalkshgwoove Figr Bedogeatleactvidf thheedafiivnshing
bl ades 13a through 13h when the rotor 13 is noving in the directio

of an &etEaenXhenprgcgssing time a@rddthmésam\@tﬁdb\éalr\@St@be@:teét@Iiwlwas h
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h ' is di d ' ' be di d
qui ckry LPRATTG ThEke i WRERHETRURR! ThlSha bt G3Cave, YIER 28,

of 1 heoﬁrt ‘B%Qi%f%o%ﬁ%‘&’&i% ¢ be ar I Hin é E'%ﬂ:ﬁ%uuﬂt%or( ta}e oNAE £t tﬁ@lazﬁ CEh
this can be perforned witRout &atising the high energy i ssipation to
occur. fof @998y m_e&lfsﬁk'@ﬁ%&%ﬁﬁaré&%hoéhé tﬁ@sﬂi@%ﬁlp%isp% t}ﬂ%rlfgi}PB?itSE§e

breakup and enul sification process can be perfornmed efficiently on

& he prasusdi amimeHe SytinRYbAGvAl@s’ Ghebrd@eals vahoyy) hydt tiee aneavuA

in Fig. 12 (b) so that the two-stage m xing section can be created in
t he radiakhd¢y (actwmily diesmatrednvaluds) wilhexhadi ahleysiouil satoend s.eEot @l

as descri bed above, and then by noving the rotor 13 in the direction

shown Isyatove namabews20iti fs Rilgo fiour(d)that] obe7pattacleheinei soweakiipt Rffect

present invention, a nozzle 18 extends_radially toward the center

al ong tpartipisepizenbrealiun merfoamanee mill ppcemeshighnn ag ithee vaiges for

unit 1 shown in Fig. 12 (a), allowing the fluid being processed
to be g&?é@é?dé’decﬁlteéé?lﬁy through the nozzle inlet 19 of the nozzle 18

i g. 1030815608 ARk Kol Rl L oo ch BBl ctief

del i ver, I i b I Sty e .
sect | onorscaradiinedial i, & O d ehd Snbpvin SBIERRe Bl Mnrially |
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15a of each of the longitudinal groovées 13a through 13h and the inner
peri pherah thad CriZa@hnthwtsl shergyd dissibgrientB@ef icrsthéetedgre, it Xk rdso

found that it is possible not only to grasp the qualitative trend but also
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[ 0101] The conpositions and physical properties of MEl BALANCE 1.0
H P. are presented in Table 4. Table 4 Nutrition Conditioned Foods
(MEMALANCE HP 1.0 ('Il ademark) Conposition (100m.) Energy[kcal.] 100

P ot ot felilintod E2liheeF eRe SRS Wty 1 Detary Fiber(0 1.2

£
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[0061] When the results obtained by the experiments were organized
properly with the processing (mixing) time being given along the X
coordinate, on one hand, it was found that the changes in the drop diameter
(particle size breakup trend) could not be expressed (estimated)
comprehensively.

[0065]When the results obtained by the experiments were plotted with the
total energy dissipation rate ¢ being given along the X coordinate, on the
other hand, it was found that the changes in the drop diameter (particle size
breakup trend) could be expressed (estimated) comprehensively.

[0063] As this is described more specifically, it is found that the drop
diameter will also follow the decreasing trend, although the running
conditions (number of rotations, mixing time), the mixer’s configuration
(gap, stator’s hole diameter, stator’s opening area ratio) may be different..

[0064] Namely, it can be said that the total energy dissipation rate ¢
which can be obtained by the Equation proposed by the present invention,
serves as the index that allows the performance for the mixer of the
stator-rotor type to be estimated by taking the differences in the mixer
running conditions and configuration into account.

[0065] For the mixer B that is the medium-scale mixer and the mixer C
that is the large-scale mixer, the relationship (particle size breakup trend)
between the total energy dissipation rate ¢ and the drop diameters as
proposed by the present invention is shown in Fig. 9. It is found that the
drop diameter will depend on the values (magnitude) for the total energy
dissipation rate ¢ 1+ even though the mixer may have a different scale (size)
of 200 through 700 liters. It is also found that the drop diameter will exhibit
the similar particle size breakup trend even for the mixers of different
scales.

[0066] It may be apparent from the foregoing description that the mixer of
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the rotor-stator type can be scaled up by matching the mixer against the
values (sizes) of the total energy dissipation rate ¢ ¢ proposed by the
present invention so that the mixer can conform with those values, and then
by taking the differences in the running condition and configuration into
account comprehensively.

[0067]) For the mixer which depends on its opening (hole), the present
invention allows the mixer’s performance estimation and scale-up
operations to be performed by taking the particle size breakup operation
effect and emulsification effect into account comprehensively. According to
the present invention in one of its specific forms, the theory that is
applicable to a wider range of mixers can be implemented and developed on
the basis of the performance estimation method and scale-up method whose
usages hereto have been restrictive.

[0068] (Configuration and Design of High Performance Mixer)

In the present invention, the configuration of the high performance mixer
can be defined by using the values for the total energy dissipation rate ¢ ¢
derived from the Equation of the present invention as the index that may be
used to estimate the mixer’s performance, and then by using the values for
the estimation that results from the above as the reference information.
Then, the high performance mixer can be designed from this definition. The
general structure of the mixer that may thus be designed is shown in Figs.
10 through 12.

[0069] (Moving Stator)

When the mixer of the rotor-stator type is used to dissolve (mix) the
powdery material or liquid material, and to thereby manufacture the
emulsified products, it is possible that the mixer will process the powdery
material while the air that has been introduced with the powdery material
into the mixer remains not to be separated from the introduced powdery

material. If this situation occurs, the liquid thus mixed may contain fine air
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[0102] In the current enbodiment 2, two types of mxers (one has the
capacity of 9 kiloliters and the other has the capacity of 400
liters) were used, and the experinent was conducted by varying the

{ypes BROBRECPEOLyesthE biindithd R AU MR B erkronns 4F B
exper i ROrE RO ARl R i R HGRR TG SRR Rrrhloulth Hng o Bubbles
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conditions are presented in Table 5. Tabl'e 5 Experi nent Condi t1 ons

and Cal&fi @) asilVabedsiel Ry, %—%gh?eé-v@ith e Bkie 1ASPRRM Phd 2R
1200-rpm 1. 53E+06 400L 1500r pm 1. 28E+06
liquid is emulsified with no air bubbles remaining in the liquid.
[0070] In order to prevent such fine air bubbles being produced at the
initial stage of dissolving the powdery material, therefore, it is desirable

that the mixer is equipped with a moving stator mechanism. In particular,

when the powdery material that may tend to produce the air bubbles more

T

easi8ly is processed so as to manufacture the emulsified products, it is more
desirable that the mixer should be equipped with the moving stator
mechanism. By moving the moving stator away from the rotor at the initial
stage of dissolving the powdery material, the powdery material can be
diffused quickly into the liquid being mixed or prepared. This can be
performed without causing any high energy dissipation. It is preferred that
the dissolving, particle size breakup and emulsifying steps for the powdery
material should be performed by moving the stator closer to the rotor on the
production mode.

[0071] (Multistage Homogenizer (Multistage Emulsifying Mechanism)
- As described above, it is confirmed that the performance (effect) with
which the particle size breakup or emulsification operation occurs will
become better as the values of the total energy dissipation rate ¢ ¢ derived
from the Equation 1 proposed by the present invention become larger.

[0072] Then, it is desirable that the mixer includes several mixing portions
formed in the gap between the rotor and the stator.

[0073] For example, the particle size breakup operation may occur on the
preliminary mode in the gap between the first-stage rotor and stator, and
may then be performed on the production mode in the gap between the

second-stage rotor and stator.
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[0074] (Direct Injection (Direct Injection Adding Mechanism))

As it is clear from the mixer performance estimation which serves as the
index for the total energy dissipation rate ¢ ¢ derived from the Equation 1
proposed by the present invention and from the results obtained by
verifying the value for the index, it is confirmed that the particle breakup or
emulsification performance (effect) will become better as the value for the
above index becomes larger.

[0075]Then, by delivering (adding) oils, component in its undissolved state,
micro component or other similar components divectly into the mixing
portions (mixer section), the emulsification or dispersion operation can be
performed more effectively. Particularly, when those components are
delivered (injected) directly into the first-stage stator (the stator located
radially inwardly), the emulsification or dispersion operation can be
performed much more effectively on the production mode by the
second-stage stator (the stator located radially outwardly) that follows the
preliminary stage of the first-stage stator.

[0076] (Configuration of High Performance Mixer)

As described above, it is confirmed that the particle size breakup or
emulsification performance (effect) will become better as the values of the
total energy dissipation rate ¢ + derived from the Equation proposed by the
present invention are larger. The opening (hole) formed in the stator should
desirably have the round shape instead of the comb-like shape.

[0077] Note, however, that there is a risk that the powdery material might
block the passage through the opening (hole) if the stator has the hole
diameter of less than 2 mm. In order to permit both the dissolving process
and emulsification process for the powdery material to be performed
concurrently, it is desirable that the stator should have the hole diameter of
between 2 mm and 4 mm.

[0078] In addition, the opening provided in the stator should desirably
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represent 20 % or more of the total opening area on the peripheral wall of
the stator.

[0079] The shear frequency will become higher as the number of holes
provided on the stator (opening area ratio) is increased. The problem is,
however, that the strength of the opening on the stator will be affected in
this case. In the prior art, the opening area ratio of between 18 % and 36 %
is generally employed in most cases, but it is desirable that the opening
area ratio should be equal to 30 % or more. It is more desirable that it
should be equal to between 40 % and 50%.

[0080} In addition, the rotor should desirably be equipped with several
agitating blades extending radially from the center of rotation. Preferably,
the rotor should be equipped with six or more agitating blades, or more
preferably eight agitating blades.

ENBODIMENT 1

[ 0081 ] The following description provides several examples of the
preferred embodiment of the present invention hy referring to the
accompanying drawings, but it should be understood that the present
invention is not restricted to those examples of the embodiment described
herein and that various modifications or changes may be made without
departing from the spirit and scope of the present invention defined in the
appended claims.

[0082] By referring now to Figs. 10 through 12, the summary of the high
performance mixer will be provided below. The homogenization index: H.I.
which is derived from the Equation 1 proposed by the present invention can
be used as the index for estimating the performance of the high performance
mixer, and the configuration of the high performance mixer can be defined
by using the results that are obtained by verifying the estimation for the
performance. Then, the high performance mixer can be designed by using

the definition for the configuration of mixer thus obtained.
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[0083] The mixer of the rotor-stator type proposed by the present invention
may be characterized by the fact that the mixer comprises the mixer unit 14
that includes the plurality of stators each having a plurality of openings
(holes) and the rotor disposed on the inner side of each of the stators and
spaced by the particular gap away from each said stator. Other structural
elements are the same as those of the prior art mixer of the rotor-stator type
that has been described above. Note that the following description is only
directed to one example of the mixer unit 14 which has the construction and
mechanism that characterize the present invention.

[0084] The mixer unit 14 for the mixer of the rotor-stator type according to
the present invention includes the rotor 13 and stators 12, 22, each of which
is constructed as shown in Figs. 12 and 13.

[0085] Each of the stators 12, 22 is provided with a plurality of round
shape openings 1la, 11b like the stator 2 in the prior art mixer unit 14
shown in Fig. 1.

[0086] Of the stators 12, 22, the stator 22 has the circumferential diameter
that is greater than the stator 12, and is arranged concentrically on the
mixer unit 14 as shown in Fig. 12 (a).

[0087] The rotor 13, on the inner side of which the stators 12, 22 are
disposed and spaced by the particular gap away from the rotor 13, is
equipped with a plurality of agitating blades extending toward the center of
rotation 17 about which the rotor 13 rotates. In the embodiment shown, for
example, the rotor 13 is equipped with eight agitating blades 13a, 13b, 13¢,
13d, 13e, 13f, 13g, and 13h.

[0088] Each of the agitating blades 13a though 13h has a longitudinal
groove 15 formed in the radial center thereof and located between the center
of rotation 17 and the outermost end 16. The longitudinal groove 15 has the
same diameter for all agitating blades.

[0089] When the mixer unit 14 is formed as shown in 12 (a) and (b), the
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stator 12 may be mounted into the longitudinal groove 15 formed in each of
the agitating blade 13a through 13h. For each of the agitating blades 13a
though 13h, then, this creates a gap 2 § between the wall 16a of the radial
outermost end 16 thereof and the inner peripheral wall 22a of the stator 22.
Additionally, a gap 1s formed between the outermost peripheral face of each
of the agitating blades 13a through 13h and the inner peripheral wall 12a of
the stator 12, and a gap 1s formed between the inner peripheral face 15b of
the longitudinal groove 15 of each of the agitating blades 13a through 13h
and the outer peripheral wall 12b of the stator 12.

[0090] As it is apparent for the mixer unit 14 in the mixer of the
rotor-stator type that has been described above, the rotor is disposed on the
mnner side of each of the stators 12, 22 having the different circumferential
diameter and spaced by the particular gap away from each of the stators.

[0091] When the rotor 13 is rotated in the direction of an arrow 20 by
causing the rotary shaft 17 to rotate about its center of rotation, the
two-stage mixing section including the mixing portion located radially
inwardly and the mixing portion located radially outwardly is created. This
multistage mixing section permits the mixing process to occur with the high
performance.

[0092] In the embodiment shown, the mixing portion located radially
inwardly may be created between the outer peripheral surface 15a of the
longitudinal groove 15 on each of the agitating blades 13a through 13h and
the inner peripheral wall 12a of the stator 12 and between the inner
peripheral wall 15 of the longitudinal groove 15 on each of the agitating
blades 13a through 13h and the outer peripheral wall 12b of the stator 12.
The mixing portion located radially outwardly may be created between the
wall 16a of the radially outward end of each of the agitating blades 13a
through 13h and the inner peripheral wall 22a of the stator 22.

[0093] In the mixer of the present invention, each of the stators 12, 22 can
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be moving closer to the rotor 13 and moving farther away from the rotor 13
in the direction in that the rotary shaft 17 of the rotor 13 extends. In the
emhbhodiment shown, the rotor 13 can be moving in the direction of arrows 22,
23 in Fig. 12 in which the rotary shaft 17 extends.

[0094]) The mixer of the present invention can take the two states as
described earlier, that is, one being the state in which the mixer unit 14 can
be created by allowing the stator 12 to be fitted in the longitudinal groove
formed in each of the agitating blades 13a through 13h when the rotor 13 1s
moving in the direction of an arrow 22 in Fig. 12 (b), and the other being the
state in which the rotor 13 is moving away from the stators 12, 13 as shown
by the imaginary lines in Fig. 12 (b).

[0095] At the initial stage in which the powdery material is dissolved by
the mixer, it can be dispersed quickly into the mixing liquid by moving the
rotor 13 away from each of the stators as shown by the arrow 23 in Fig. 12
(b). Note that this can be performed without causing the high energy
dissipation to occur.

[0096] The subsequent steps of the dissolution, particle size breakup and
emulsification process can be performed efficiently on the production mode
by moving the rotor 13 as shown by the arrow 22 in Fig. 12 (b) so that the
two-stage mixing section can be created in the radially inward direction and
in the radially outward direction as described above, and then by moving
the rotor 13 in the direction shown by the arrow 20 in Fig. 12 (b).

[0097] In the mixer of the present invention, a nozzle 18 extends radially
toward the center along the upper ends of the stators 12, 22 constituting the
mixer unit 14 as shown in Fig. 12 (a), allowing the fluid being processed to
be delivered directly through the nozzle inlet 19 of the nozzle 18 and into
the mixing portion (mixer section) as shown by the arrow 21 in Fig. 12.

[0098] More specifically, the fluid being processed is delivered as shown by

the arrow 21 into the first-stage mixing section located on the inner side,
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that is, it is delivered directly through the nozzle inlet 19 and between the
outer peripheral surface 15a of each of the longitudinal grooves 13a through
13h and the inner peripheral wall 12a of the stator 12, where the first-stage
mixing (preliminary mixing) occurs. Following the first-stage mixing
portion, the fluid being processed is then delivered into the second-stage
mixing portion located on the outer side, that is, between the radially
outside end of the wall 16a of each of the agitating blades 13a through 13h
and the inner peripheral wall 22a of the stator 22, where the second-stage
mixing occurs on the preductive mode.

[0099] Tt may be appreciated from the above description that the fluid
being processed can be delivered directly into the first-stage and
second-stage mixing portions (mixing section), where it can be emulsified
and dispersed more effectively.

EMBODIMENT 2

[0100] The test for the particle size breakup operation took place by using
the nutrition prepared foods as offered by MIJI NYUGYO CORP.
(MEIBALANCE 1.0 H.P. (Trademark)).

[0101] The compositions and physical properties of MEIBALANCE 1.0 H.P.

are presented in Table 4.
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Table4  Nutrition Conditioned Foods (MEIBALANCE HP 1.0 (Trademark)

Composition (100mL)
Energy (keall 100
Protein (el 5.0
Fat gl 2.5
Saccharide el 141
Dictary Fiber  [g] 12
Ash {el 0.7
Water Iel 84.3
Property Value
Osmotic Pressure [mOsm/L] » 420
pH  (20C) [} 6.7
Viscosity (20°C) [mPa - g} 10
Specific Gravity 20°C) [—] 1.078

[0102] In the current embodiment 2, two types of mixers (one has the
capacity of 9 kiloliters and the other has the capacity of 400 liters) were
used, and the experiment was conducted by varying the rotating speed of
the rotor and the accumulating time. Those two types of mixers are the
same as the mixer A which was demonstrated under the embodiment 1 of
the present invention.

[0103] The experimental conditions and the values of the total energy
digsipation rate ¢ ¢ that were obtained under the experimental conditions

are presented in Table 5.
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rel ati onshi p between the values for the total energy dissipation rate
Et thus obtained and the drop dianeters (the resulting particle size
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the pregent—i-Ayenti-on—bei-ng—gi-ventalonditheldX coordinate, it was
found t hatsidrhe mﬁmﬂ At hﬂ dropldi-2A& ™ (the particle size breakup
trend) ¢an-be-eXEFE 2 1 nsively and
systemati cabil y| e h , j idn can be applied to the
various lindust i24¢pei ol 4o such as |t 2?9408 <ilfi cation, di spersion,
particl esize. breakun and qther simlar pracesses. Exanpl es of those
appl i cafi ons i 132@@ t &t nréﬁﬂ{;"a urin§ fiellds such as foods,
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I nventi ¢n prov e the il Mt e B83E00d functi ons.
el 5 771 45 4I10E+07
3 Ogl}xpm 5 0.742 50 4.56E+07
7 0.691 57 5.20E+H07
15 0.619 72 6.57E+07
7 13.8 7 1.OTE+07
5 2.37 12 1.84E+07
¢ 8 1.2 20 3.08E+07
9kL 5 0.925 25 3.82E+07
1200rpm 5 0.807 30 4.59E+07
5 0.751 35 5.35E+07
5 0.696 40 6.12E+07
10 0.642 50 7.65E+07
5.5 5.763 5.5 7.02E-+06
400L 3 2.667 8.5 1.0BE+07
1500rpm 4 1.884 12.5 L.5E+07
10 1.176 22.5 2.87E+07
5.5 0.68 5.5 4.01E+07
400L 3 0.617 8.5 6.20E+07
2020pm 4 0.583 12.5 9.12E+07
10 0.527 22.5 1.64E-+08

[0104] The relationship between the values for the total energy dissipation

o
Y

. rate ¢ ¢ thus obtained and the drop diameters (the resulting particle size
breakup trend) is presented in Fig. 3.

[0105] When the experimental results were organized into the appropriate
tabular forms as the values for the total energy dissipation rate ¢ ¢ [m?%/s3]
proposed by the present invention being given along the X coordinate, it was
found that the change in the drop diameter (the particle size breakup trend)
can be expressed (estimated) comprehensively and systematically.

[0106] The present invention can be applied to the various industrial fields
such as the emulsification, dispersion, particle size breakup and other

similar processes. KExamples of those applications include the
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[0107] The features of the present invention that have been descri bed
so far are summari zed below. (1) For the conventional m xers of the
rotor-stator type which are available on the commercial market, the

per f or mance. of t.ho i xers cap be estimated. by, sinply aoperating.the
e wer ST g crtngdgeae el < ooty SRRARRES ity BeReye R fh ety
act ual S| | iqui d, revi.ew he: nat r ' o] [
fhat 1 BRESRGEN MR MY dhosPhe R0 0T IR Phe HORIRDL PAEA. S04,
the ropQLagtgd or type that can meet each user's requirements for
using the m xer can be selected. In this way, the cost of selecting
the m xpp1G0A) e fadweed.of ahd giecht MBvéRtioh S at b eam deksEbba so
decreased. [ 0108 ] (2) By adopting the geonetrical size that can
maxi m fgr dhesaanhhguedtbedowdependi ng term of the total energy
dissipation rate Et , the performance can be enhanced, designed and
manuf a€tuFerd therconkentinnehtmixerand thewetomitedors tppe tvhlzichoiwer agaidable
type, and the performance for the conventional m xers that alread
exi st eanthe cemmewdalhsnagket, theipejiogmammer ofhehesy j Birkeusi xabs

t he rotor,-statog type that ranges_fromthe snall scale Eo t he kar e
scal e, eeHmaied) BY (s eRP ARSI IGpBHERT D ISIREFiRG dup! cuptage water

hi d by t.aki t.h i facturi ti ired f
e Y e MG B TN e
btai n_t.he. parti.cle size.eff (d iameter .
oo o1 e RSP 5 LR BRI o AR S

i T gt edibefe LBl PUE RASE 804 410 3L B el OSEn M el Nudehe:

m ni mrum runni ng (processing) tine under such estimation. In this way,
the rupgyfBebidms RAULdiad R nsitteP dBXBE SelddteQe Thadis &fay,aihd tos of
energy requirenents can thus be saved. [0111] (5) In accordance

W t h t heldetegetlie niikentcharbe rddutddsensl ohe theerfot ehe seaior chaypel sbiiat
provi de the higher particle size breakup and enul sification effects
and hi gkereapedl ity than the typical high performance (high shear
type) rotor-stator_type m xers that have heen offered in the prior
art can QéoﬁénZ%cer@@opmpmﬂzq gomelddeldisteg tthat heanr wegamize the

invention, the mxers of. the rotqr-stator type offered.by the present
| vent PORBEHASHPB RGBT HB B GREoTiA Lo SISy DTSRRI ORdate <, e

I sifi [ ff d hi gh | i h h Lval '
of Ter bR 140 DB Pt s prbceld me s Pulilt [l BetEle
d < F . Mar] ' = .t
hat TSR Pr o PREte 8t PhECaBr sBRNTMIEE 2ol LT S ghaahR Tor R

scal e- dewe REiBAGS ikl PRa AEaUSEAY: EARFeth Rl ACRSSI. NT
{(rranuf acturing) tine required for those m xer into consideration.

What i s[oleple®)ifer the variods nAxsixef tled rotee-shahotypotiait famees from
conprising a mxer unit that includes a stator having a plurality of
openi nghe (dmbds}cadndicathetlargdi sspbsethorcaleupnmeiscsieddowh tperagiator
and spaced by a particular gap away fromthe stator, the m xer having
the comfficieocyorant hata¢hicdedilgnéaking tbe mrochesiBguanonfactyirig Batow
in such a manner that a particular mxer running tinme and a

part i caPaRLgdoer dhare mexegs inycenddpegtipRBul ar ni xer running tine can

be obt ai Lui d hei ptrocessed is.subj.ect 1o the.. .
ot si £ ADT00 S Vihah s unTeR I BER S i nadidbies sReet Giieg Brmete
and by .estimating,.the,particul ar. m xer. runnisng, tine he_resulting
rop athAbeER Bt G Bl R SR el D LR SR oEs b
-1-28) @Qél{t'af}fngj time required for that purpose and to operate those mixers with
the minimum running (processing) time under such estimation. In this way,

the running time required for such mixers can be reduced, and the energy

requirements can thus be saved.
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=4 -N4At j the Equation | V"' In the Equation 1, E t: Total Energy
Di ssipation Rate [n21s3] E ELocal Energy Dissipation Rate in Stator's
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Term f
(high shear type) rotor-stator type mixers that have been offered in the

prior art can be manufactured.

[0112] (6) According to the present invention, the mixers of the rotor-stator
type offered by the present invention can provide the higher particle size
breakup and emulsification effects and higher quality than the equivalent

mixers offered by the prior art, and the processing time can thus be reduced.

*»{ : [0113] (7) For the various mixers of the rotor-stator type that range from
the small scale to the large scale, the scale-up or scale-down process can be
achieved by tanking the processing (manufacturing) time required for those
mixer into consideration.

C
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2. The mxer as defined in Claiml1, wherein the stator and rotor are
arranged in such a manner that they can be noving closer to each and
novi ng farther away from each other in the direction in which the

rotary shaft of the rotor extends. 3, The m xer as defined in
Claim1 or 2, wherein the mxer includes a plurality of stators each

havi ng 1 ffer i.ameter and a rotor disposed on the inner side of
each o%%delssﬁgﬁ%ﬁegqgnd spaced by a particular gap away fromsaid

each stator. el ] .- efd i e e
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1 through 4, wherein the rotor includes a plurality of agitating
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magni t ude (smafl ness or great ness e values for t

confi gWiAhiody BERENELRhe Ry WA diAntihe gap that is specific to the
m xer, and estimating the performance of the mxer: = etA ht,
=[ AnAnr (D +25) m1@7gEEf:phi -N4t Vt he Equation 1 1" In the
Equation 1, t = TtSshim

N q
= An‘n,(D+25)D’h(ﬂ+1 ELALENNY FAY
d quxz vy

N‘l
=C'{7fm)“” the Equation 1

In the Equation 1,

£

¢ .- Total Energy Dissipation Rate [m2/s3] ¢

¢ ;. Local Energy Dissipation Rate in Stator’s Opening [m?2/s?]
f._h: Shear Frequency

tm: Mixing Time [s]

A’ Stator’s Opening Rate [ - ]

N,: Number of Rotor Blades [ - ]

D: Diameter of Rotor [m]

§ : Gap between Rotor and Stator [m]

h: Height of Stator [m]

1: Thickness of Stator [m]
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E t: Total Energy Dissipation Rate [n2/s31 E 1: Local Energy
Di ssipation Rate in Stator's Opening [n2/s31 f_ h: Shear Frequency

t.: M
Bl ades
[mM h:
D anet
Rat es
Config

AT
{ ]

xing Time 1sl A: Stator's Opening Rate [ - Nr: Number of Rotor
oL BRSSPI (L1, 2, 2P hetveen Fotor and Stato
R bl Ghab s furmer of Povers [ o urber of rion
N, 2 N RRPEAPRI RERED flor] Gap [l

N: Number of Rotation [1/s]

V: Amount of Liquid [m?]

Ch : Configuration Dependent Term for Gap [m?]

2. The mixer as defined in Claim 1, wherein the stator and rotor are
arranged in such a manner that they can be moving closer to each and
moving farther away from each other in the direction in which the rotary
shaft of the rotor extends.

3, The mixer as defined in Claim 1 or 2, wherein the mixer includes a
plurality of stators each having a different diameter and a rotor disposed on
the inner side of each of the stators and spaced by a particular gap away
from said each stator.

4. The mixer as defined in any one of Claims 1 through 3, wherein
the fluid being processed is introduced into the gap between each of the
stators and the rotor disposed on the inner side of each of the stators and
spaced by a particular gap away from said each stator.

5. The mixer as defined in any one of Claims 1 through 4, wherein
the rotor includes a plurality of agitating blades extending radially from the
center of rotation.

6. A method for estimating the performance of a mixer of the
rotor-stator type comprising a mixer unit that includes a stator having a
plurality of openings (holes) and a rotor disposed on the inner side of the
stator and spaced by a particular gap away from the stator, wherein the
method includes the steps of: using the Equation 1 given below to obtain the
values for the total energy dissipation rate ¢ 1, measuring the components
included in the Equationl, such as the respective size of the rotor and stator

and the power requirements and flow rate during the running time of the
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7. A nethod for scaling up or scaling down a m xer of the
rotor-stator type conprising a mxer unit that includes a stator
having a plurality of openings (holes) and a rotor disposed on the

e N
E f
St o, L RSB N ORI 15 W U G N, i

the piLgy e‘é'tﬁﬂhtfﬂg‘(ﬁ{e b 85th Airladlch OF thEBheAiAg the thus obtai ned val ues
for the total energy dissipation rate Et against the values for the

total energy di ss%patbl Jate Et on the actual m xer installation so
that the former E™t vd bs can conformwith the latter t values, and
scaling up or scaling down the mxer accordl ngly: € = efs.ht rn

=[ Ai r4nADH2511) 31(41 + =Chi d-t | t he Equation
1 min thd Afed-enrf)D’AH —tﬁ:r % W D| ssipation Rate [n2/s3] E
E : Local |Energy Di ssi ¥ate i p\fator's Opening [nR2/s31 fs_ h:
Shear Frequency tm Mxing Time [s] A Stator's Opening Rate [ - Nr:

Number of Rgtwr Blades [ - D Dianeter of Rotor [in] : Gap between
Rot or and: 81{7% {1t the Equation 1

éf” In the Equation 1,
» ¢ .- Total Energy Dissipation Rate [m2/s2] ¢

¢ - Local Energy Dissipation Rate in Stator’s Opening [m?2/s3]
f._h! Shear Frequency
tm: Mixing Time [s]
A Stator’s Opening Rate [ - |
N;: Number of Rotor Blades [ - ]
D: Diameter of Rotor [m]
8 : Gap between Rotor and Stator [m]
h: Height of Stator [m]

19 1: Thickness of Stator [m]
d: Hole Diameter of Stator [m]
N,: Number of Powers [ - ]
Npa: Number of Flow Rates [ -]
N: Number of Rotation [1/s]
V: Amount of Liquid [m3]
Ch : Configuration Dependent Term for Gap [m?]

7. A method for scaling up or scaling down a mixer of the rotor-stator

type comprising a mixer unit that includes a stator having a plurality of

openings (holes) and a rotor disposed on the inner side of the stator and
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h: Height of Stator [in] 1: Thickness of Stator [nil d: Hole D aneter
of Stator [in] Np: Nunber of Powers [ - Npd: Nunber of Flow Rates [ -
N: Nunmber of Rotation [1/s] V. Anount of Liquid [m On:
Configurati Dependent ; Term f or _ Gap.. .8, +Fo ,
ohar rasBatd o drs Pl 2hen S oo thie, watRn o P Rarhse msthody
by subj ' fl.ui 2. [ E‘E@x‘%' t ification,
di speyislfcgh%iegé@? igggggs()?z{é&gllggg}%cjp rqﬁ‘lh{;lln ?Bﬁ&ﬁéég ﬂtohgl%ﬂag{gct&re swlljlg‘leng
the nixgr @fe tReaBtA Ay’ ofifSiphy R WHteh: COBRI 13RS Apk¥REntdl tmihat
includes a stator having a plarality of openings (holes) and a rotor
di spos@gektaMatti anigsr $hdepidbt henbtmaixer andatipaeed Mdytehipgr the Wharls
gap away fromthe stator, wherein the foods. pharnaceutical nedicines
or cheobtahefdraduet Soarkenaall ectrgyedidsypasongathe (Eqgainsintlie galues
below ,estimating the mxer running tine and the drop dianeters thus
obt ai néut the itatalt dreengiyxdissinaiaomgate pe drothe eetiplimixpeiingtallades swd,
and subjecting the fluid being processed to the emul sificatiqn, .
di sper shahtheloumey & . gintaepeaaropioam Wikh fjedpbeass: YHMesoaBdrssaligigng
h i X = ic.h =[.Ag4 D+, . 133hrdE + N h
Eqﬁatrr: )égr%‘ Q%ﬂ@gghlo%n ’Ehrg m[ixgr g’céord%gélyi?)?) rd O Cht Jthe

E =€y fenlm

-
.. 4
= {An"n,{D+25)D3h(fd£+ IINN” - —l] .{Y.,.th

Y4 V

N‘
=C{7tm]--n the Equation 1

In the Equation 1,
¢ .- Total Energy Dissipation Rate [m2/s8] ¢
¢ ¢ Local Energy Dissipation Rate in Stator’s Opening [m2/s3]
f._h: Shear Frequency
tm: Mixing Time [s]
k A: Stator’s Opening Rate [ - ]
N:: Number of Rotor Blades [ - |
D: Diameter of Rotor [m]
§ : Gap between Rotor and Stator [m]
h: Height of Stator [m]
1: Thickness of Stator [m]
d: Hole Diameter of Stator [m]
Np: Number of Powers [ -]
Npa: Number of Flow Rates [ -]
N: Number of Rotation [1/s]
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In the Equation 1, t: Total Energy Dissipation Rate [n2/s3] E ELocal
Energy Dissipation Rate in Stator's Opening [nm21s3] fs_h: Shear
Frequency t.: Mxing Tinme [s] A Stator's Opening Rate [ Nr: Nunber

of Rot
St at or

. 4Bl ade - D, PLameter of Rotor [m 5: Gap between Rotor and
%ﬁmo%rzn‘spéll‘é%‘tlldogn ator [in] 1: Thickness of Stator [ml d:

Flow Repas {8y i tier ot ToWTHSY g favrer s N fod: Rmber of

T

;( r,.,m\

8. Foods, pharmaceutical medicines or chemical products which are
manufactured by subjecting a fluid being processed to the emulsification,
dispersion, particle size breakup or mixing process that occurs using the
mixer of the stator-rotor type which comprises a mixer unit that includes a
stator having a plurality of openings (holes) and a rotor disposed on the
inner side of the stator and spaced by a particular gap away from the stator,
wherein the foods. pharmaceutical medicines or chemical products are
manufactured by using the Equation 1 given below ,estimating the mixer
running time and the drop diameters thus obtained during the mixer
running time for the fluid being processed, and subjecting the fluid being
processed to the emulsification, dispersion, particle size breakup or mixing

process that occurs using the mixer:

5' = gt f;.htm

4
= An‘n,(D+2§)D3h[i£+l N, -1 -{-mem
d quxz 14

N‘
:-.(,',{T/_tm]---- the Equation 1

In the Equation 1,

¢ .- Total Energy Dissipation Rate [m2/s3] ¢

¢ ' Local Energy Dissipation Rate in Stator’s Opening [m?/s3]
f._h! Shear Frequency

tm: Mixing Time [s]

At Stator’s Opening Rate [ - ]

N;: Number of Rotor Blades [ - ]

D: Diameter of Rotor [m]

§ : Gap between Rotor and Stator [m]
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V: Anount of Liquid [ne] Ch Configuration Dependent Termfor Gap [ nb]
9. A nethod for manufacturing foods, pharmaceutical nedicines or
chem cal products by subjecting a fluid being processed to the

enul sificati i, spersipn, drop breakup or m xing process using a
m xer g}f %feﬁgﬁgfjggg?-orlo[tsn%f type which conprises a mxer unit that

i ncl udgsrﬁic%gggro @‘%M%d}g[lﬂ] plurality of openings (holes) and a rotor
di sposed 1 nsi de tﬁe stator and spaced by a particular gap away from

the st gt ofple WS 1R » P& tResNAM] | ncl udes the steps of: using the
Equation 1 given below, and estimating the m xer running time and the

drop digmehenbehus Peléairied] during the mxer running tinme for the
fluid being processed: 61 = tfs himA Ir4dn, (D +25)D34. 4. +

=Ch( - 1Nzl Numbat ohEldsgRatiesn [1- ]I n the Equation 1, E t: Total Energy
Di ssipation Rate [n2/s3] E E 1: Local Energy Dissipation Rate in

St at or N5 Nperliengpi{RetzdBin {¥sh: Shear Frequency

V: Amount of Liquid [m?]
Cr : Configuration Dependent Term for Gap [m3]
9. A method for manufacturing foods, pharmaceutical medicines or

chemical products by subjecting a fluid being processed to the

~

emulsification, dispersion, drop breakup or mixing process using a mixer of
the stator-rotor type which comprises a mixer unit that includes a stator
having a plurality of openings (holes) and a rotor disposed inside the stator
and spaced by a particular gap away from the stator, wherein the method
includes the steps of: using the Equation 1 given below, and estimating the
mixer running time and the drop diameter thus obtained during the mixer

running time for the fluid being processed:

gt = gtj;.htm

4
= Ax"n,(D+25)Dﬂh(ff+1 Mo 1Y,
d qu;rz yor

N‘
=Ch[-—l;-fm]' -»+ the Equation 1

Pt
i

In the Equation 1,

¢ ,: Total Energy Dissipation Rate [m?2/s3] ¢

¢ .+ Local Energy Dissipation Rate in Stator’s Opening [m2/s8]
f__h! Shear Frequency

tm: Mixing Time [s]

A: Stator’s Opening Rate [ - ]
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tip: Mxing Tine is] A- Stator's Opening Rate N Nr: Nunmber of Rotor
Blades [ - ] Do Dianmeter of Rotor [in] Gap between Rotor and Stator
[M h: Height of Stator [m 1: Thickness of Stator [nm] d: Hole

Dam%{rég%%%gﬂﬁwﬁwg&éw%er of Powers [ - ] Npd: Nunber of

Fl ow er tation [1/s] V: Anount of Liquid [ne]

Conf ipguh @t o [RAERGS Ty Ter m for Gap [ nB]

§ : Gap between Rotor and Stator [m]
h: Height of Stator [m]
1: Thickness of Stator [m]
d: Hole Diameter of Stator [m]
Np: Number of Powers [ - |
Npa: Number of Flow Rates [ -]
N: Number of Rotation [1/s]

P V: Amount of Liquid [m3]

Ch : Configuration Dependent Term for Gap Im?]
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