Performance Estimation Method and Scal e-Up Method for Particle Size
Br eakup Appar at us BACKGROUND Techni cal Field [ 0001] The present
invention relates to the performance estimtion and scal e-up net hods
for the m xer of the so-called rotor-stator type, and nore

speci fical |y toPerermanse Estamatinol Mirtdod andienlendlp Methodl ural ity
of openings (holes) and a rotor that is disposed on the inner side of
t he stator and spaced H@réhﬁﬁéﬂ@@%F%ﬁh@ékgﬁpﬁﬁmﬂﬁﬂHWﬁon1the st ator.
Backgr ound [0002] As shown in Fig. 1, it is general that the m xer
of the so-called rotor-stator type conprises a mxer unit 4 that

i ncludes a stator 2 having a pl i enings (holes) 1 and a
rotor 3 di sposed on the inner g‘%gk%(%ﬁgﬁl\@fator 2 and spaced by a
parti cyl.af 48 gewomthe stator 2. Such m xer of the rotor-stator

type i § provia r subjecting the fluid or liquid being processed

to the ¢oubslfTRARBentliSPERELR el RRS iF e et forRh £RKM BstiM atins Lld
any other simlar "process, by taking advantage of the fact that a

hi gh sRkesgle-tpnasshothyfdrethy adueedfithetdiccAldd dhbahaedoptypdeag@more
bet ween the stator 3 capable of rotating at high-speeds and the

st at or spebidicadlyf itwethe nopest tthart. id¢ludeni aestatey havirsed fphuredity ngf
or preparing the fluid or liquid being processed, and has a w de

vari et ppeningmpihdas) and 4 roti iatfisatispogsihpnebevinineal side dif dhregtator
chem cal products and the |ike can be manufactured. [0003] The m xer
of t heap¢k $racedlinp Ripdetorpingd sppayey e the§2td-t he type of the
circulation node for the fluid or Iiquid being processed, that is,
one tyggﬁggiﬁﬁgﬁhe externally circulated mixer in which the fluid or
liquid j p d. . be, ci.rcul d.in the direction i ndicated
by the Rp008) EASRRRRAD ey ol B eBhER, (il Bt St WS Rpa e
circul e I 1 Gh: th L eIV} i e
oi v oul SpBA SHeGE 1yl VObieds'E pibil LRk 4 YU ShPEAODARAEESS Sy o
[ 0004] phefalifieofMpdiings (hbRs) Al Hid 8LRL6F 3idiREosBNGh YREGnALP YRl HPIHE
di fferent configurations and circul ati on nodes or systens have been
propossethtoro? agxaspicd bhea Japeicader pap Snfroapphé GaatcN2NBuch mixer of
2006- 506174 di scl oses the rotor and stator apparatus and method for

f or mi nghe hetpestatoretygie es, pravided dppsadjettenpattd chedsor didquidakaing
apparatus and nethod for forming the particle sizes using the m xer
whi ch wrpeesseddesihel eaalsidicasionsgésn qustan.| nartidle sigecbredlie undsingher

stator having a.plurality of openings_ (holes) and the rotor_ disposed
on t he 2P RIDEE SRl RRSCst o Fa InE %%%@ngt qutd»'bﬁara high shear
fromthe stator, and can.be ysed widely i he manuf act uri field
Such aSTiRs ThRRPEdeETRd it BetbESHaed of thA ERbpbr S HRp oticor 3
ot her f i t S i t . . Lng the
appar a B aisShERa e BEIEL e AR 13 ARthl e T diidifion:
t he ef f1gi i y [y :

Lhe ol Mgl shi) 8o AMAPRSY nTR0AE Ty phBRS B A0S NARYA oA
esti mapirofeddBaN0gEdf Mast he Wi&@rﬁvabfb\t{yn%ft h@plicht®m@Ntin  which foods,
configurations. [0006] Not only for the m xer of the rotor-stator

t ype aphdesrticeheitabbavedibinesyl sthehticadl brofdtiers type rhxerlgke i tahs be
reported that, when the liquid-to-liquid dispersion in particular is
per f or meahufactueedanpl e, the drop di aneter sizes can be discussed in
ternms o[ t he, magni t ude aof the values that can be obtai ned E%

cal cul al P9@31 nehewizgy of dherwpforstatosdypermesthe ¢lRgped cacovtingitoaihe

2). In thos ubl.ications 1 and 2, however,. the nethod for .
cal cul 5!%3&&@ caragie y‘%Hit%’@i fga%d 8h liahnddaiggipocasaad. ddad is,

ifically. .000 Th icati 3 to 6. t.udy.
spect s RSl PO BT 00 0B SO AR e Bt
resul t o0bs Al0RLs LY R bR ATaFPEE LAE RS R ORGP Y LAY A Sl s S

in Fig. 2, and the other type being the internally circulated mixer in which




[ 0008] Several study cases are also reported (Publications 7 and 8),

in which the particle size breakup nechanismfor the m xer of the

rotor-stator type was consi dered and di scussed. In those publications

7 and 8, it is suggested that the energy dissipation rates of the

t ur bul éhe fluodv ov |liqeidntbeibgt pracessdik mpayt bel ersukdetr eakie efifetion

for the Liquid drop, and this particle size breakup effect may be

af f ect eddippted by thegaeey Spsimeldie. 4 equency) of the turbul ent flow

when the fluyid_or lLiquid is placed under the shear stress of the

fluid o‘foppahi Hopdiheg II&rX@&e%fgége rqtea'@éittqfoFym%éngaapéeapah@f%oaww
of the rotor-stator t here are several reports
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regarding the study cases In the processing (agitatrton

M Xi NQkiddsres o ﬁr’@?o%@ﬂ%he' Patth@e08izRChrd Qfur WpY =48t as 00 Rethdd 9L
study cases are not useful enough to estimate the resulting drop

di armet ésmmin@ttheapalitclebdiaesedifyrihegmiker peiichcwilarhdvidsesribed i dlgw.
period. Although it is reported that the resulting drop dianeters may
be est iSpeciically, cdres ndaei ngchhdesrikerstpturc basimg a pheralytet of topiesimgd vy
reported that the phenonenon (factual action) is based on the actual
measur &aoles) and thexysder disnasedvar tes)nnemsidesfdhetaidjorcandspasedt hy a

phenonmenon, i f not anal yze? theqretically. _[0010] The follow ng

publ i cRETBRUIaMhigaP javaRelgst Ui istaketat 2adt 6aR he pasetht WiV &t thm,
is cited hefei n for fr;‘eﬁf erence: Japanese Patent. gﬁpl i&ati on No. ..
2005- 5GATAAGHHPE HEESt STiBwi g%bp REPRGRYNCHA I BRI RS Ho U B e d

to the Leat] . pare ci . Lnqf r r e, .
pavi d. 380 fheRILhag oller Bl chBhRet B aouths ShEEERcne i, e
Di ssi patd; L £Shay i 942 . '

T AS €8] Eppar e Ra PR ool el o e e wiier T DB get
Davi esuplin the efffeiPAYsdiedlel dHRERELAA NSRS Of Drop Sizes in

Honogeni zers and Agitated Tanks, Including the Dispersion of Viscous
O ls", (beod] g tlbwe padlyediGy belé&?l 10H9@E) (thebdFpsCahabibesa, reBordéd
M K. Francis, V. P. Mshra and S. Phongi karoon; "Measurenent and
Anal ysias thie DridpriBianeeiastBaationRoethedt fmwthdvimdaet's hBvorg thotdifferent
Eur opean Conference on M xing, pp. 149-156, Delft, the Netherl ands
(200W copjpucatigBfese, R V., M K. Francis, V. P. Mshra, G A

Shear MOOPET NpFgaly %%ﬁ?ﬂérél@%%%%‘%-%%ﬁrf%ﬁ afesritod Shyore
F 002): 5 Y. . C. Hsu,. C. :

"L qu BB ddr P’ ofvis, et SThi s RBmbis it ombeny the
Co Reyl: . o O we . . ' .
roni cnitiid BHRAREdik sl pE e a fe pdrtonBfPtay Sambia, tHe drqp,
X sgoualivlﬂaléwlséizegasgbegv&gcu%éd in @émg%%h@%%gﬁi%ﬁ_@@yf thé Z/)al%%é)ﬂﬂat

. | Baker and Pacek; "Flow Pattern, Periodicity a
Ener gy chs$epahtaindd) By B@&Rﬁllﬁﬁhgr thbatflerdbd ebnerdheMssiidtiomesate
Des., 86, 1397-1409 (2008); (8) Porcelli, J.; "The Science of
Rot or - @Pablicatibxeris andFodnPrlasessubledations 6a6& @) Hawevdd) thi basthdd :
"Rotor-Stator and Disc Systemfor Enulsification Processes”, Chem
Eng. Téaohnulculattng 20h814000@r SuBERY dGRiFaHEonNYENE GN not disclosed
specifically.
[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

making the experiments on those individual mixers have been arranged or



[0012] In the patent application cited above, the superiority
(performance) of the particular mxer and the val ue range of the
desi gn on which such m xer is based are disclosed, but the

t heoretical grounds on which the value range of the high-perfornmance
m xer degagireidsinbashd graphiot] cdhastcr bt seTéte dyndaserdPubhicationsed to/px
and configuration of the high perfornmance m xer is not provided
speci f ihoatdaver, it e1@indidexml thet diysr evixarsdpartohet hizeabovakup effectis
description ghat, for those past years, several indices (theoriesz
have b&®AY @é{e@m%byé&lq pertienlag g betwesn fhe itetrmenAsdatyranddy the

m xers havin h jfferent configurations. .In st cases,. hoyever,
Those. ioharuags [eghoy e Stafot di 3 oA A3 erbPo ek s daeribimgrdine
same Cglrf{f‘ Q%tha i%n. .IQGthe actual cases, however, they cannot be
applie 6" the T M%EYE®Bf the various types having the different

confi gurahi t Lpdiceas . €g) :
appl i ed'[t6 gbtg (S;Ss%ﬂﬁ%)?g#glayngﬁ%%cﬁfe?ﬁgggégﬂgiét%\?\eg&%%&?g?%w érlllg g)t’a]tnor
Wil grigiehthaf § 84k clb Rz P BLé A Ih S ndd At NERARHPLIRS f8Cdr thﬁé‘i"oﬂo'}déﬁc%@és
that can only be applied to those m xers in which the opening (hole
of thetgpatwasidnsidéfedicndhdipaisked! EnSikssebpankidntiohkertand 8,har es
are the i1 ndices that can be applied to those m xers that have all
possi blsaggestfeidgthat i dres earcegpotlisdisatiiss echiwansf sthenthybulbher oar evilb
indices that can be applied to the m xers having all possible

conf i ggentiibnte to[thelpartielensize dhreadwp, effher foratle dlquidt dirup, stndiyhis
cases in whjich the perfornmance estinmation nmethod and scal e-up t hod
for th®aEtIFIKeTEe obrasiaiR otldects magnr be ypHepide hyedheddreanancyThahear

T xer o Ty BRIy B O AR L e S aBish i BlAeail opsr i
he d I i-ned .1h [ h d
caces RASGr A aeants JuRbRE BRI eI Sxi RN T he " or aphi cal chart
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most Ca$eSsetdi@lf toRdrtdr OPuBliaABERT ) (FROWHIHR Stihablih Ar Qesﬂtﬁggﬂt &
wer e obtained by using the snall scal e device for each individual

- m xer digimpesimbkig unhstabld & eterlrahdie bhtaine AN Wi iAR therliodd-Se
that final drop dianmeters could be estimated. Mre specifically, in
t he pr inmixear rpunnheg epesiodo This, miommverptisochdthatracacalbenushd tawtual
estimate the drop dianeters that woul d be obtai ned by using the

| ar ge- peaflactdeni sidss (ard uisl opreeluctilityn Spetididadly oflertoare heo rfepeorts
of the varigus types and permtting such | arge-scale devices to ru
during r?&%ﬂf&a& the, ﬁé‘ﬂgft’ iCREeH AR WH}Cgfb rtﬂ? Meﬁ@nﬁoé@émm iagHL MEPHD

that can _be_.used to estiyate.the. particul ar, drop dj.aneters: obtai ned
G | ng UHRE Q3oPE ke 1 B ORIF < AR SanSti s ARt Shily cases are
(agitati 1 i r.ed I h.. icular d i apehers ¢ be
ot ai et AT B, 68 tihare Y PRL by VAR AR R Bl e
appl i edyiMdele dUrRE tHe WBhelclhe $hE&:Oh age e 0
and stator may ({ﬂarg |y %}A?ectct 2 pa%%ilcllghgllgrzl E?gggupggf}%hr g& ks
emul si ibgatte@nhelftBetresaltinkidiopdahtaess M H bORstineh Ashy Bhsidabing
only be applied to the m xer in which the size or configuration of

t he opehé n@gixdopedpcadsihfetinieatynt AYs loalgetaporiddahat thepphenehteiinze
breakup effect or enulsification effect, the conprehensive indices

t hat céfacbeahmuticed i® lsedobnt hke niotersd hmsaisnged healdiekf évgrerimental
configuratigns_(the theories on which the various types of mxers can
be conpatees)or [estthege edtudrisicosent | §iclhe phenomatiac ussedot Thinglyaeshs
that there are_po indices that consider the above situations. [0017]
For t héhagsbeealliason, the performance of the mixer was actually
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patent application, is cited herein for reference:



KV) N4t ,nl1[0020] In the Equation 1, E a Total energy

di ssipation rate (n2/s3) E g Local shear stress in the gap between
the rotor and stator (nR2/s3) E s Local energy dissipation rate in the
stator (n2/s3) Np : Nunber of powers O Ngd : Nunber of flowrates O
nr : Nudpanete Battent Bppdastdn NoDR2afEteb0®I740tor (m b : Thi ckness
of rotor blade tip {n) 6 : Gap between rotor and stator (m ng :
Nunber 60041 hiBhe Hollewingdpubiratiener wifickt ancomonoredatad) to: thehpekeess
of stator (m. : Nunber_ of rotations (Vs) t. : Mxing tinme (s)

Fl ow r &P@licasionggre cabfyd gwe&pifgﬁ 1gE9€RA_Nt term (m2) Kg Confi guration

gﬁ? ?pg?m }gqe\;im th‘! 'T‘t, a‘tﬂlr'op( rgz&es :ofcﬁg‘_}cliﬂgﬂ)rnast iR%rllage%o%g dﬁ%b&lg;l%n l%r%rgtyhe
Dissipation Rates”, Chem. Eng. Sci., 40, 839-842 (1985) and David J. T.; “A
Physical Interpretation of Drop Sizes in Homogenizers;
(2) Davies, J. T.; “A Physical Interpretation of Drop Sizes in Homogenizers
and 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(2006)

SUMMARY OF THE INVENTION



[0021] In a second aspect of the invention as defined in Claim2, it
I's characterized by the fact that a nmethod of scaling up or scaling
down the m xer of the rotor-stator type is provided, wherein the

met hod includes the steps of: ~~ obtaining the value for the
total eh8PgY] dinstdiepeatient apatlicakicn oited hboegpdrd smpembriny keerformance)
installation and/or the pil ot Elant m xer installation by usLng t he
Equat i 6h thegpgepcplaromixer and thptvalne ngngeeol dhealasign tave which| such
energy dj ssi.pation rat a sured on the actual m xer_ .

nst al FReg S based are dﬁsﬁoa%ﬁﬁvhah% theazatical eraungp snqubichthnualue
experinental .m xer. installation and/o i | ot ,plant m xer.instal I on
Co ¢ he ToAER@! RhE THehnrSarane at Her st g PAcRG cap it drseried. T
Es D3 + 4 ‘4. gy = o : o 1- . .
oin. - GETRET bl hind'ofld cqelultichOs tha Rk bR yipdnd fuigdh i,

4v. i ntoF Jei b spddifickayation 1 [0022] In the Equation 1, E a Total

energy dissipation rate (hR/s3) : Local shear stress in the gap
bet ween[pbe3} Aok agBe SipAfrecidte8/ &dm khe dinsal dengigiod 3SitP#sd @Rose

rate in the stator (nR/s3)

past years, several indices (theories) have been reported as the performance
estimation method for the mixers having the different configurations. In
most cases, however, those indices can only be applied to each individual
mixer having the same configuration. In the actual cases, however, they
cannot be applied to the mixers of the various types having the different
configurations. Although there are the indices that can only be applied to
those mixers in which the gap between the rotor and stator will largely
affect the particle size breakup effect or the indices that can only be applied
to those mixers in which the opening (hole) of the stator will affect the
particle size breakup effect or there are the indices that can be applied to
those mixers that have all possible configurations are not discussed
consistently. There are no indices that can be applied to the mixers having
all possible configurations.

[0014] As noted above, there are almost no study cases in which the
performance estimation method and scale-up method for those mixers of the
rotor-stator type have been defined. There are also no study cases in which
those methods can be applied to the mixers of the various types having the
different configurations, and the data on the results obtained by the
experiments on such study cases have not been arranged or organized into
the graphical chart.

[0015] For the performance estimation method and scale-up method for the

mixers of the rotor-stator type according to the prior art, in most cases, the



Np : Nunber of powers (-) Ngd : Nunber of flow rates O n, : Nunber of
rotor blades 0 : Dianmeter of rotor (n) b : Thickness of rotor bl ade
tip (nmM 6 Gap between rotor and stator (m ns : Nunber of stator
holes O d : Dianeter of stator hole (m 1: Thickness of stator (m
Nurber fofalr dtagt idoms egdys (miapimuvh xétagld idrep (dpmeteEsbwarat ebtalikdd Ky
Configuration dependent term (nR) Ks Configuration dependent term.in
st at or ushpg tRp smebnsqaderdaviem f@épéﬁbéﬁdmgml freixerhan@ mernsitingethe
[0023] [In.a third aspect of the invention as.defined in Claim3, .t
is chAfXiteetq Ted fglg/ the dopg dimereariad e thad Heal dxor flirngeuscauld be
f oods, ar maceyti cal nedi ci,nes or chenical ,products by. subjecti

i a SPOPHIR” SIOT bR BpE gty P S0 tBRE A8 edtinaiitbB e b
di sper $i ' i ze: r.. | M .

or oces By Al i UFHE o8 SEitaRT HhE 4B A st s LA b Bliged by

wher ei pgihe tHEtIQP%e-E%'e%ﬁcé@@a&h%ﬁ’%r@ﬁhction instA8GHh R NEhd gﬂ}[‘iﬁles

Equation 1 given below to estinate the mxer's running tine an

resul t oRgheraiTich 8 iPHES anldopHan Rt Badh ddigagchlRed ¥ ikes 't6 i Bubthg

time for the fluid or liquid being processed; and

manuf atherpngidiier fibedspepbodr vaceidrecl noesditonae®nomathed tiedt can be

oI OdUCtusééd to estimate the particular drop diameters obtained during the
particular running time or during the processing (agitating) time required
until such particular drop diameters can be obtained.

[0016] Although there are the indices that can only be applied to the mixer
in which the size of the gap between the rotor and stator may largely affect
the particle size breakup effect or emulsification effect, or although there
are the indices that can only be applied to the mixer in which the size or
configuration of the opening (hole) of the stator may largely affect the
particle size breakup effect or emulsification effect, the comprehensive
indices that can be applied to all of the mixers having the different
configurations (the theories on which the various types of mixers can be
compared or estimated consistently) were not discussed. This means that
there are no indices that consider the above situations.

[0017] For the above reason, the performance of the mixer was actually
estimated on the error and trial basis using the actual liquid being
processed, and the mixers were then scaled up accordingly.

[0018] It is, therefore, the object of the present invention to provide a
comprehensive performance estimation method that can be 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 it can be applied to the mixers of the



a=9g+Csift =kNp- N7C2 ). nr D3 [1 ++ 4e) y N4 in, ci(D+
a)) 4No d 2 + 45(D + 5).1V D3b2 TI.T2d3 = [(Ap - N gdR-2)-
firi-{D3 (Kg + Ks)j(Ndv. ) K (MNv. tinEquation 1 [0024] In the
Equation 1, E a Total energy dissipation rate (n2/s3) E Local shear
st r ess viamicusetyzas bevwegrthehdifforot dncdulstamomdddleB)syEtamkpehbreby
energy dissjpation rate in the stator (n2/s3) Np Nunber of powers O
Nad : Raapstingfthe clesign enethod fhat Musseablithadbor thkiadedhe- yuming
D anmet er r ot or . Thickness of rator blade ti 6 :
bet V\,eeﬁopg{t(i,q)nsa réggﬁsgmg(t%ne% for such mixers into consedéltgtion arﬁpto
provide the manufacturing method (particle size breakup method) that is
established so that it can be used for manufacturing the foods,
pharmaceutical medicines and the like by using the above described
performance estimation method and design method.

[0019] In a first aspect of the invention as defined in Claim 1, it is
characterized by the fact that a method for estimating the mixer of the
rotor-stator type is provided, wherein the method includes the steps of:
obtaining the total energy dissipation rate ¢ , by using the Equation 1 given
below, measuring the size of the rotor-stator and the power and flow rate
during the mixer’s running time which are included in the Equation 1 as the
components thereof, estimating the magnitude of the values for the entire

mixer that are specific to each of the mixers and obtained in the measuring

step and estimating the performance of the mixer:

£, =&, +&,
¥ at 2.2 4
=[(Np—qu.1r2)-nr D} Db + 7 d (d+4€) Y N,
§(D+5)) 4N |, -d* +45(D+0)) %

=|(v, - ~,2%)-n Dk, +K5)].[N;'fm ]

N'-t,
= K c ( V J LI [ I ) = * @ Equation 1

[0020] In the Equation 1,
¢ a - Total energy dissipation rate (m2/s3)
¢ . - Local shear stress in the gap between the rotor and stator (m?2/s3)

¢ s - Local energy dissipation rate in the stator (m?%/s3)



ng : Nunber of stator holes (-) d : Diameter of stator hole (m 1:
Thi ckness of stator (n) N : Nunber of rotations (1/s) tin : Mxing
time (s) V: Flowrate (ms) Kg: Configuration dependent term (nR) Kg
Conf i guratl on dependent termin stator (nR2) Kg : Configuration
depend@ht : Nemabéwef poreeenidr e mxer [0025] In a fourth aspect of the
invention as_defined in d ai is characterized by the fact that
the fod¥bsdl - Nﬂaﬁﬂ hae ebif} O(Y‘ala??écr)z}:l nes or chem cal products manufactured

by using the xer, of t r-stator type and by subjecting the
fluid &'h}?‘éﬁi‘l roivg lbgﬁ"é{?és d to the enulsification, dispersion,

particle.sj reakup, mxj ng or any other simlar process are
pr ovi dﬁ' ﬂmajre F’hoﬁ&’q‘lo s, pharmaceutical nedicines or chenical
produclios ﬂ,{]@kﬁg&%ﬁc&l& %qag%(t#ﬁgﬂ% the Equation 1 given belowto

estimate the running tine xer of the rotor-stator type and

t he resajl_tGla% HQR G AL 851 9kka): ?ﬁq during the m xer running tine:
Ea= Eg+ Es 71-2,1,2d3(d +4e) ylv4.1,,,1 =gAre -Nor2).??, |iD3[( D3 b

c5(D +n§ )N&ﬁib@hmfsfdgtcﬁ KHeeR(H 5)1V =KI V - Noff2)- ti,j[D8(K g + K
3)1(At 4 j;im
d : Diameter of stator hole {(m)
1 : Thickness of stator (m)
N : Number of rotations (I/s)
tm : Mixing time (s)
V : Flow rate (m?)
K, : Configuration dependent term (m2)
Ks Configuration dependent term in stator {m2)
K. : Configuration dependent term for the entire mixer
[0021] In a second aspect of the invention as defined in Claim 2, it is
characterized by the fact that a method of scaling up or scaling down the
mixer of the rotor-stator type 1s provided, wherein the method includes the
steps of:
obtaining the value for the total energy dissipation rate £ 5 on the
experimental mixer installation and/or the pilot plant mixer installation by
using the Equation 1 given below;
obtaining the value for the total energy dissipation rate : , measured
on the actual mixer installation; and
matching the wvalue ¢ , obtained on the experimental mixer

installation and/or pilot plant mixer installation to the value ¢ ; measured

on the actual mixer installation:



Nl t ",) =KV Equation 1 [0026] In the Equation 1, a Total energy
di ssipation rate (n2/s3) E g Local shear stress in the gap between
the rotor and stator (nR2/s3) E s Local energy dissipation rate in the
stator (l\/2183) Np . Nunber of powers (-) Ngd : Nunber of flowrates O
nro: ng or blades (-) D: D aneter of rotor (m b :

Thi cknes$a of mo't" s blade tip (m 6 : Gap between rotor and stator (m
n, : Nunber of stator hoIe ( d i Di_anet er of stator_holg ( 1.
Thi ckness of_ E{Vat O (ﬁr@Q erDéf rgrtatlans *dilsy 46 . MOV D g‘,,,ti me
(s) : FlowrT fli Sy atgHon ﬂﬁpetndeﬂbrhs Mmﬂ

Confi guration dependent tekmth stato : Conflgur

dependent termfor the entire m xer

- [, W) Ho e, o 2

N“'rm
=K‘_-( ” ] = ¢ +» =+ o o « Equationl

[0022] In the Equation 1,

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

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

N, : Number of powers (-)

Ngd : Number of flow rates (-}

ny : Number of rotor blades (-)

D : Diameter of rotor (m)

b : Thickness of rotor blade tip (m)

§ : Gap between rotor and stator (m)

ns : Number of stator holes (-)

d : Diameter of stator hole (m)

1 : Thickness of stator (m)

N : Number of rotations (I/s)

tm : Mixing time (s)

V : Flow rate (m3)

K. : Configuration dependent term (m?2)

Ks Configuration dependent term in stator (m2)

K. : Configuration dependent term for the entire mixer

[0023] In a third aspect of the invention as defined in Claim 3, it is



[0027] In the performance estimati on nethod and scal e up net hod for
the m xer of the rotor-stator node according to the present

invention, the index that is called the total energy dissipation rate
E a may be used. The total dissipation rate for each of the m xers
havi ng chheastarizzds byorhe gladt thas andethod ufoat memuidesriag ohé efoedspy
each of the correspondi ng manufacturers nmay be cal cul ated ]

i ndi vi eharmadenginad meedigrmecort ehegeortamodugts by subjesttinge fhodor fAngl
stator and the values nmeasured for the_ parti.cular running powers and
fl ow r & edaurthdeingpprocegeed tentheeraplifisationn digperston, paytigle size
expressed separately fromthg configurati on dependent terns and

" unni nETEBRAPL TR B8N &GO LS PERT RIAFST DhSen b Sher BXPB St

t he per, ] | At thad for . each of those,m xers, th is,
-t he b RPTORTER EROL IT PRETAET MARtwel RER R BRI I8 B B
particle siz 4 .t h d ' Sp il QI +EX l.e. 1]
val ues (nagn??%éilz?&y gr %{Uﬁgﬂ gg%f“llotélurqagﬁ ‘8‘%1 e‘%gﬁég%teﬁtﬁé@%gcgﬁl’]@b@%&%?ﬁ.
[ 0029] yliBnihe t3&@l ndnienfesidh)y dovph ARMWErs tHDe8bHBReHOIuFAG the
total energy dissipation rate a as coupled with the configuration
dependemixetl-Briamuicgr tinn fig henliuid op ldegnénident procsasednahd used, and
the m xer can be designed accordingly by allowi ng the cal cul at ed

val ues to agmemwfiacbutihgséhe eforsls, phonBaAc¢utinalt heedizihes] drorchemical
manuf acturi ng the foods, pharmaceutical nedicines or chem cal

pr oducPgodycisibj ecting the fluid or |iquid being processed to the
emul sification, dispersion, particle size breakup, m xing or any
other sipgilar: pgogcess that is performed by using the m xer of the
rotor-stafor ®#ype,” the particular mxer running tinme and the drop

di ameters thus obtained duri t he,, panticul ar, gupﬁing ii n, be
esti mat ed by=&ﬁi ngwvt he J5qabk|dn. as n £bnt il hvEntfon
for deriving thé tofal ‘encfgy \dFE3iragBt)i odVr Ale & edsand EX)¢((f oods

(i ncluding dairy goods, beverage, etc.), pharmaceutical net cines

(i ncludi ng non-nedi cal goods, etc.) or chem cal products (including
cosnetic artfcles, etc, [ the degifrgd.drap di aneters can thus
be manuf acﬁf(éfql,.* dﬁ%&%&g\f@ [ 0031] Fig. 1
is a perspective view illustrating the nixdf ugit which is included
in the mxer of the rotor-stator type; Fig. 2 is a diagram
illustrating the,m xer of the rotor-stator type that runs in the
external cirg I.tf\bn'fg;o e (externally circulated m xer) and the m xer
of the rotor-Stdtorptypeé that rums *i n*t meEgmtienhal circul ati on node
(internally circul ated 1 xer); Fig. 3 illustrates the system
that allows the particle size breakup trend for the drop dianeters to

be i nvegt] X .Fig. 4 illustrates the systemin which the
experi nﬁ%{)gﬁ rel(éjlsﬂ}e[ gqélﬁt{%gm xer of the rotor-stator type that runs
in the extd h Gl | AL d: t ternally circul ated m xer)

can be Euasegi‘ oleegltelgg'gtdgé%lﬁgt%gﬁe%t%ngﬁzé@of the m xer of the

rotor- st af phedl/PRedi@ireb3INS the daphdtt & Bhe EboTUiRd 5P oTO UGN 2/s3)
(internaf circulated m xer); Fig. 5 represents the

rel ati anshipcdlpendigs! @issipaidn eakdpn therdatdret ¢aeRs)t he processing
(mxing) tinme and the resulting drop dianeters for the small-scal e

m xer ; Np : Numbéigef poweps €3ents the rel ationship (particle size
breakup trend) between the total energy dissipation rate E a and the
resul t Nyl dbopmbeanéflevsraies the snal [-scal e nixer; Fig. 7
represents_the relationship (particle size breakup trend) between the
t ot al @né%wm@iet;@fﬁatqlbhl&{gﬁépk a and the resulting drop dianmeters in

t he | atrge-scal e m xer;
bgi Diameter of rotor (m)

b : Thickness of rotor blade tip (m)

§ : Gap between rotor and stator (m)

-10.



Fig. 8 represents the relationship (particle size breakup trend)

bet ween the processing (mxing) tine and the resulting drop under the
running conditions in Table 5 for the small-scale m xer; Fig.
9 represents the relationship (particle size breakup trend) between

t he t omgl’ Nuerbgy afistatq@abéles (rlate E a and the resulting drop

di anmeters _under the running conditions in Table 5 in the | arge-scale
m xer ; d : Diametgigof S_@tﬁebpg%émt)s the relationship (particle size
breakuE.tre_n ) bet yeen trae total energy dissipation rate F a and the
resul t Lng iekpess ahetadps (M anot her | arge-scal e ni xer; Fig. 11
is a diiagram t hat .sh th onpari son between the processing tine
(equi vﬁeﬁuﬁﬁ‘&)ﬁfﬁérPfﬁ\lﬁ?n%ﬁ@% he val ues measured actually on the
practi gal. lﬁr oducf:t.}non S'gnst allation, wherein the processing tinme is the
tinme requi &d ot og ining the drop dianeters on the actual

product pm&@si.ta%l(ﬁltg%on t hat woul d be obtained on the pilot plant
installation to which the total energy dissipation rate F a was

appl i e, : Configuratibh@epbd de@R t8sMNGH2)! he rel ationship (particle size
breakup trend) between the total energy dissipation rate E a and the
r esul t IKQCeHHguds AoRIdRpendeRE erihhe siatol (e@h conditioned foods are
m xed by the m xer of the rotor-stator mxer that is comrercially
avai | ald.e; CaESFuMibin de pEBenY thiGnTidE th\ENTtcCOMixg0032] The present

i nventi onagr ovides the performance estimation nethod and scale up
(scal e §BGAF] Mex Rofbumsh asreati sbthefinveationt es-defimet inyfdaimnd, 1t is
particul ar, the present inventjon allgws_ the performance for  the

m xer €Bapictesizedaid¥dthy Heasphaly e topdier Phapwacoriaat enphiineneor
part | o 5Lz BLAKUR LD SO0, 1R LA ALNg GLoB dLarElers, (00301
e 0o PR R S S B0 ey B (ESb A
;"/46( D Hi@ér\aliozn,%tiéllersi%e )I:J'refakupl, 'm{lgﬁg(&gaﬁyléﬁ)e]r(é}lmdﬂ'ar S'roé:\gss Le K
provided, wherein the foods, pharmaceutical medicines or chemical
products are manufactured by using the Equation 1 given below to estimate
the running time of the mixer of the rotor-stator type and the resulting drop

diameters obtained during the mixer running time:

£, =&, +&
.3 2.2 1) 4
v, -v x?)n | D [ Db }+ ainld(dvad) || N',
S(D+6)) AN |n, -d* +45(D +5)) v

=¥, - ¥ pur?) 1D &, +Ks)].[fv;r,,.)

N'-t,
:Kc-( V J « & ¥ = 8 2 = Equationl

[0026] In the Equation 1,

£ a : Total energy dissipation rate (m2/s3)

-11.



Equation 1 [0034] In the Equation 1, E a Total energy dissipation
rate (nm2/s3) E g: Local shear stress in the gap between the rotor and
stator (n2/s3) E s: Local energy dissipation rate in the stator
(nm2/s3) Np Number of powers O Ngd : Nunber of flowrates (-) nr :
Nunber wf : Lotak sheadssreés jn bhe ghipaleitvererothe ovion {md stator THeksBss of
rotor blade tip (m 6 : Gap between rotor and statqor (m n, : Nunber
of st atfos - hotekenexgy dBsaradien rafe st dhestaire éﬁ’f/si): Thi ckness of
stator I\ﬁan-) Number of powers (-)

Ngd : Number of flow rates ()

n; : Number of rotor blades (-)

D : Diameter of rotor (m)

b : Thickness of rotor blade tip (m)

§ : Gap between rotor and stator (m)

ns - Number of stator holes (-)

d : Diameter of stator hole {m)

1 : Thickness of stator (m)

N : Number of rotations (I/s)

tm : Mixing time (s)

V : Flow rate (ms3)

K; : Configuration dependent term (m?2)

Ks Configuration dependent term in stator (m2)

K. : Configuration dependent term for the entire mixer

[0027] In the performance estimation method and scale up method for the

mixer of the rotor-stator mode according to the present invention, the index

that is called the total energy dissipation rate &, may be used. The total

dissipation rate for each of the mixers having the various configurations

and circulation modes as offered by each of the corresponding

manufacturers may be calculated individually from the particular

geometrical sizes of the rotor and stator and the values measured for the

particular running powers and flow rates. Then, this total energy

dissipation rate ¢ . may be expressed separately from the configuration

dependent terms and running condition depending terms for each of those

mixers.

[0028]1In the performance estimation method for each of those mixers, that

-12-



N : Nunmber of rotations (1/s) t. : Mxing tine (s) V. Flowrate (ns)
Kg: Configuration dependent term (nR2) Ks Configuration dependent term
in stator (n2) Ks : Configuration dependent termfor the entire m xer
[ 0035] According to the present invention, the mxer's perfornmance
may beigsin ndtee pelrforassnomtdshgnbtienmaggtinbddéhat mbhg bal delnédrby hidhe
configuration dependent termfor the entire m xer that are specific

t o eaclpagticleheizm kueak untiresahfdrethehdeomdaag temsador engnite, thespetudsie
sizes of the rotor and stator and the runni ng powers and flow rates
whi ch Amagmiydpddar dseralicyrpbioandepatdardeteryifatanhe msgdown above.

[ 0036] LEyl ear fromthe Equatjon of the present inyentjo t
or vest DRES] g FhErcald S S8 SRS e ameb S SR Salven donbhE dotihe
val ue faor_the;.confiquration dependen er. - for t.he gap. i
spect 1 FBerey QSR bor R 3hie e n o RERPIe, ik cthe robsfhal%8 fRfetdent
bet ween,_ { ' ' :

Do e e Sl Ph Bhn B0 o5h 8 bPEI O Pler BB ke LA o83 Can
addi ti pg, déél%n\é&' Hecdr@indlyens ol b atthancAeRepdiangahismESidred ¥ith
the stator 1S specific to each of the mxers that are based on the
nunber thbsd t&nhgates No [-1, the nunber of holes in the stator ns P],
the hole dianeter for the stator d [m, the stator's thickness 1 [m,
and t he[ ¢apodetineaher mherhcandost ataoruficfudingr ébpefiodsel yhaffadshtical
Furthernore, the value for the configuration dependent termKs for -
t he enmiedichieceri shepaeslf prodecteabl efibienting the sfluidtoraligdsbkeing

t he nunber of powers Np [-], the nunber of flowrates No [-], .the
nunber PEPcassedriosthy emadsifigation, disreteitbrrartinle sitcebr @i, mivag or
kP R R R R R S
powers; NP[-].an unber qf flow. rates: - tih . i
b nens e Bt Sl i dar el tey dnd e Bfe dinmetors
engi ne : :

(@ 11 eh P EPLa B o AR Hime o R el
N3 D5 bhY1 N r i@n ' A PR '@ﬁ%tge

Nanel y;eh?h%eﬁﬁ%ggelr 10%0%\?\;& ?1215{ cetgleagia@%éﬁg %Jvr;dt?etida%;fg{)odm%r s ar gl)ut9 htgtal
di mensicaslgs disgipationi eget haf andntHeefadesi wed uidingndaliey gbots, riadesagad

powers neasured on the experinental basis.
etc.), pharmaceutical medicines (including non-medical goods, etc.) or

chemical products (including cosmetic articles, etc.) having the desired drop
diameters can thus be manufactured.
BRIEF DESCRIPTION OF DRAWINGS
[0031]

Fig. 1 1s a perspective view illustrating the mixer unit which is
included in the mixer of the rotox-stator type;

Fig. 2 is a diagram illustrating the mixer of the rotor-stator type
that runs in the external circulation mode (externally circulated mixer) and
the mixer of the rotor-stator type that runs in the internal circulation mode
(internally circulated mixer);

Fig. 3 illustrates the system that allows the particle size breakup

trend for the drop diameters to be investigated;

-13-



[0041] Specifically, the value for the configuration dependent term
Kg for the entire mxer is specific to each of the mxers, and can be
obt ai ned by neasuring the respective sizes of the rotor-stator and
the power and flow rate during the m xer running period. [0042]
Accor di ngl y, Fipe4pdhisdratmsceheobysteen mnxehiclofthehexpeatimeunsal ypesits am
then be estimated by conparing (estimating) the nmagnitude of the
above vheuekier of(b3rofoSgbatiorityak|that raspnedenextiennehtironlatiomwsodehe
t ot al Znergy dissipation rate E a to_be obtained fromthe Equation of

the pré&emextornally gucelated seixepbeambewsedatpie tivaase the meafrian atce pl
m xer y then he estimated by estimating the nagnitude of the val pe
for thgﬁ‘édﬂ’f"ie&& éhedwta%'ﬁé%w'ﬁgpﬁet?ﬁt&ww@ pterppk ereplation §ﬂ°‘fe
speci fi

(5 to egc.h_ oi tt He m'x,grs and can be obtained by nmeasuring the
r espectiVE B SLCHR P RIMXGTy “stator and the power and flow rate

during the rgapi AN I.C renl ol 1entys. he. .

Equati on. wg'og)?l]lbkcc%e\ﬁ%:sngh(?ole%lhggéggﬁg @%1 %?f%%g?é; 0\%1& ult%ft h%%d)
for the.mk¥eh (ke piRek flﬁi}éihgl tIBGuAP tRE FBOSREh DU rbPUiRERIEN for
i nvention, furthernore, the scalle up or scal e down hay be perforned

by conpheisngall ealahiigef;or the total energy dissipation rate E a that
may be obtained fromthe above Equation 1 on the experinmental machine
i nst al | at i onFagd/6orrephesepitsothel wiationshipnepiantich |sazé dnreakiup tthend)
value for the total energy dissipation rate E a that may be obtai ned
on t hebatweaah Haehiotel i ervtrglyl disvnationbeateaked axpl dhesgabeldingwirand
mat chi ng t hose val ues. {0045] More specifically, the total energy

di ssi pdeaweterns Brghe smatl srpje Bixgbt ai ned from t he above Equation 1

of the prese invention represents the total energy dissipatign rate
E a that rray%tb%'c r ERTe3R R klil%greil%@?rlah%f(%ﬁﬁ@f:% Rire dpeakup trend)
rotor-%t %tor tﬁge OgrrPri si.n tle .m er u,nhé whi chd'onc%l udes ]téche s&ator
havi ng A Ygf’ﬁ]fla ?y f o?)%(?‘}i g ﬁ‘}BP 3)“ and® t hie* POt or i §8§)‘§ on“t%e
i nners ssi { tar ed by the particular gag 6 away
fromtrﬁlzélgl?g Ssrﬁpaf%g)%(ﬁ% T%qgr?zﬂgg’peri ments that were conducted by
the inventor Fi%.f & hepPERIRAt tRPPd1&AbLhSRIp | haPEERITRSZE | 18@a kA Y
particle size breakup effect (particle size breakup trend) can be

di scuspetwbennylar @tobdsssest i (mbxaay) shakesnli gad hysaltie®nbiopt enidey the
applying the total energy dissipation rate E a that may be obtai ned
from t heanalny eokditavnom Tabldough thhemealdlwygabendkéfier ences in the
rotor's configuration, the stator's configuration, the mxer's

runni ng condFigof® Eppbessssinthe i vedationship (aadticle tsize Miseakuy Jeend

(size), [0047], The tft al energy .dissipation rate may bge,
expres?@HWPﬁnt orstadpl t pRergymddssipRBlony date sfen@ng tdes respliing h@‘o@ap

<Tor Biemetaunigy %E‘%ﬁi@%ggyﬁﬁ%ﬁﬁ%ﬁh@%&%% BB B8 ssakaiierne
appii cati on, T A RRRERe ML FRAY R PRI AR e R RS

the m 6%&%8:& the ithi eéﬁaggf Xesipl RBnPGagoMar ed &3l rf@gsﬂin%ydlg?

estimating the magnitude of "the ¢ i guration dependent term|

one of i ceomPRNEAbEhd i alrddadaldindiRey;Equation for deriving the total
energy dissipation rate E a. [0049] The value for the configuration

dependent teFig.l QIf g5 hhdifgian etaxedhoves SPRCidoinEpds@@CheBFedhethe
m xers and nmay be obtained by measuring the rotor-stator' size and

t he poweocassing itime rflageivdlenhmixieg pane] anHaher vaduiengn taswerddeactuaihe
power and flow rate during the water running tinme). It has been

di scovencihe hracti¢ad pwdivgtivanustallatisnh vofenche thixmosessingHameasi ides
types can be esti m%t ed by, conparing (estimting) the magnitude of the

val ues tHirperagrdsachdor phRIIEE tae diaR Shdaererpom thiesaehiigd Riadpction
0050 1, Rt R Wl SobOm Bt u ort PRE Pifot oot Sn2biTAtiBn 't 5 hlch

the total energy dissipation rate ¢ ,was applied;
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- Equation of the present invention as described and the resulting
liquid drop diameters. [0053] Because it is difficult to derive the
experinmental equation that can be trusted statistically, the
estimation of the liquid drop dianmeters has been nade by using the
rel ati onshi pFogt U@enepresehnitsuihe debpicishipt Gractofe asimedbreakup trend)
experinentally and the total energy dissipation rate: E a obtained by
t he Eqbatweenothe hotpl exeensyi iesibpoion rpoO54] Asrdeddiei Begulibay edrathe

total energy dissjpation rate; E a gbtaine y the Equation of .the
pr esentliameEeRs, Jrhens, thre nut At wayce lélqneg g’@%ﬁi*’d’ﬁr@ﬂ%ﬂha naaxer of
terms and ot her nuf act L{&f&?g condi ti‘onﬁ (i %SJ@LHTI ng the tine). The
total &HBrGYPHFEEPhAT*ER S CRIMGE R UB S & ger as the
configuration de t j i condi tion
term being fi xed%ﬁﬂggfaﬁgeﬁ%é@%mfﬁémﬁawga¢§pdr op

di anete b -@@Sr@]er?& (] Lii
(tine). [é?%&%ﬂ%ﬁ%b&??g%@?%ﬁ%ﬁa speciTi ggfﬂ&/l cl{e %gtlpqggﬁ!bglrggglmzde
di anet g9 §@leafs Uatlally dSvrileRsYhed (UPRURE ABfdradMHBRsRtdEd N Bype. In
condition, and the value for E a can then be calculated. By thi's
experi panticultig thalpreséwr idventidhatlliosvy gaupéefdr amcedbait Ak ngidcreo be
particular liquid drop dianeters can be determned. [ 0056 ] By
conpar esgnidiedv diyuerasping dhebmaixeed weefornimae Xeoms thenpagtickt isore
has been changed and the magnitude for E a before the m xer's

confi gbreakop tuend ape Srmaremdtinghéranr dimeterdecr easi ng the |iquid

drop di anete fter the mxer's configuration has been changed wl |
be abl eil@g‘?’%ia @5% PEESRE 1nverdEyy aflom ﬁtf-‘u&rfai RECcEgY A PHRAHOICFA i d

before_and the experinental eqguatjon that. can be highly trusted
stati s??g’ﬁl 4%1&?@%’9@\96{%%38%1 # BLYAN ﬁelﬁg"possi ble to estimte the
trend of decreasing the liquid drop dianeters by considering the
effect of the mb@r's configuration on the liquid drop dianeters.

[0058] In t he *met Hod for manufact uri ng the foods (including the dairy

products, dripks, etc.), arfraceyt, cal mediej ngse (| pgi udi Ahg J
-d = RVc.HN Byl 5 t+est b
st sries o i el it Rt i b

di spersion, particle size breakup, m xing or any other simlar
process by utilizing the m xer of the rodﬁg-st tor type, the foods,
phar maceuti c medi. ci 0 hem cal ctsg i ch have the desired
drop di ane?elﬁé’::cﬁ daérmﬁ)zﬁu]'@t ﬁE@d"ﬁ/ﬂi IW,_a"t"i ng the total energy
dissipation rate F a fromthe above Equati on of the present invention
and then estimating the mxer's running time and the resulting drop
di aneters of the E%uig r liquid being processed that can be obtained
during the gigert| i ng tinme. [0059 t is denonstrated by the
embodi ments of “the presént invenficn that “AtP*ti ve conponents (which
are equivalent to the conponents such as |iquid foods, the powder

m | ks prepared for babies and the |ike) which have been manufactured

accordi Fgop,@] thesiy ge@Rtidyenti on have the good taste feeling,
physi cal properties, quality and the |ike, and are al so excell ent

from t he, st Bogpeinergpfditdipabiog £1te @a%/e3)or workability. It is
therefore preferable that the present invention should be applied to
t he mangu{ atbualkeslvdart firefodnlshorgaphbetveamauthe abtoreshd stwter | tm¥/s3)nor e
preferable that it should be applied to the manufacture of the foods.
It is fasthoraberdrgyabissipdtaen rate boihd stetapplm@edt o t he manufacture
of the nutritive corrponent( or dairy products. It is nost preferable
that i Nshyoabereobpewpssi(Po t he manufacture of the nutritive
conponent s dai ry . products at contain the highly concentrated
corrposﬁ?cl‘in&ru‘flg%ﬁ H%Ee@réﬂed above, the present invention

provi d%g :tl\?gm%%g-fo roence, e etsl(rJ?tl on nethod that can be applied to

D : Diameter of rotor (m)
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EMBODI MENT 1 [0064] A liquid that is provided for sinulating a dairy
product is prepared as an object of estimating its particle size
breakup. This liquid that sinulates the dairy product contains the
mlk protein concentration (MPC, TMP (total m Ik protein)), rapeseed
oi |, ahdTidtlenesd oBratombdade tgm(and ratio are presented in Table 1.
Tabl e 1 Conposition Ratio of Sinul atgd Liquid far M|k Product
Conposid i 0ARP| ke tPrasauratotamsestatar ém) VPG) 8. 0% Rape Seed O | 4. 5%
Vater 87.5% ' | btal . 100% Rat i oPr.ot ei n/ Water 9. 1% G | / Pr ot ei n56. 3%

Q | / Vatter INumber s atetorskelesi(ty 1028 kg/ n8 Vi scosityl5 nPas [ 0065]

The m xer_performance was estinmated by checking the particle size

breakué tP e?‘?}rofﬁt@tﬂlr E‘Bﬁ’dk’ﬁxters on the experinental basis. The
unit thatmenploys fhe external circulation systemas shown in Fig. 3
was pr VFTJEgEn %Sdofﬁteataf’g%l)di aneters were neasured on the m ddl e way

of theﬁekwm%rloilfgg%&i%% y using the laser diffraction-type

partic Si ze anal yzer 2000 as offered by Shimazu Manufacturi ng
Conpany) .: M[)gggﬁﬂinjen(s?he present invention, however, it is found that
as far as the internally circulated m xer in particular is concerned,
it is aiffFicwlrateé dogy asp the particle size breakup trend for the drop
di aneters when the particle size breakup trend for the drop dianeters
i s exal{gre@onfigbation phpemelenaltebmsim?and t he mi xer perfornmance is
then estimated. It is noted, however, that for the internally

ci r cul &scComfiguration dependenstanin in siater(afbd ni xer, they are conmmon
in that_either of those m xers conprises the mxer unit 4 which

i Ecl udés :t(ﬁ@lggﬁ¥%ﬁ’log dependgnt periy) 1ox dihetgntare B ngs (hol es) 1 and
t t i i i d he i i de.of ,th 2
At RSl 0T B B B
Fig. 1. W t:h f t | | i d m

Chen eSeTRErisd oY ML RARRAChs by i Brhb £ 2R il ek Bhe ol
est| mﬂ'g?%gﬁ?ﬁt %éfﬁrﬁ&g{% & ifd bRy tHaXSre P tHSR3BSHRId AllxbRat

t he int y circu m Xer conprises

and can be obtained by measuring the respective sizes of the rotor and
stator and the running powers and flow rates which are included as the
components of the Equation 1 shown above.

[0036] As it is clear from the Equation of the present invention that
derives the total energy dissipation rate ¢ ,as described above, the value
for the configuration dependent term K; [-] for the gap is specific to each of
the mixers that are based on the gap § [m] between the rotor and stator,
the rotor’s diameter D [m], and the thickness of the rotor’s blade tip b [ml],
respectively.

[0037]In addition, the value for the configuration depending term K [-] for
the stator is specific to each of the mixers that are based on the number of
flow rates Ngqa [-], the number of holes in the stator ns [-], the hole diameter
for the stator d [m], the stator’s thickness 1 [m], and the gap between rotor
and stator § [m], respectively.

[0038] Furthermore, the value for the configuration dependent term K. for
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the sane mixer unit as the externally circulated m xer which included
the rotor and stator each having the sane dinension (size),
configuration and structure as the externally circul ated m xer as
shown in Fig. 4. [0067] In this enbodinent, the respective
per f or thacastifomizes ishspecificxtr savkref thepaixats thatwairebdsed gaptls
between the rotor 3 and the stator 2 was small (8_| e.g. 6 = 0,05
to 0. swyubenaef masvensnbler"bithspapnHypy phéloss yates datlhk theangmieies
sammar OBt RSl T e roher s diggethbPbinb eambardisredopondent o
|Coa0 O%gfm (J::)(g Y'—Jt fcﬁ' %eoggg ta%ddtf.lg (C:)Oinf%g&ra%llafm Zlf'élpSenoc{en%o te>1'5m1!K23 F‘?,’ 0
respectively.

[0039] Note that the number of powers: NP[-] and the number of flow
rates: Nqa [-] are the dimensionless quantities that are generally used in the
chemical engineering field and are defined as follows. |

[0040] Q= Nga - N - D3 (Q: flow rate, N: number of rotations, D: mixer
diameter)

P=Ny- p - N3-D5 ( p ‘density, N: number of rotations, D: mixer diameter)

Namely, the number of flow rates and the number of powers are the
dimensionless quantities that can be derived from the flow rates and powers
measured on the experimental basis.

[0041] Specifically, the value for the configuration dependent term K. for
the entire mixer is specific to each of the mixers, and can be obtained by
measuring the respective sizes of the rotor-stator and the power and flow
rate during the mixer running period.

[0042] Accordingly, the performance of the mixers of the various types can
then be estimated by comparing (estimating) the magnitude of the above
values.

[ 0043 ] Specifically, the present invention allows the total energy
dissipation rate ¢ , to be obtained from the Equation of the present
invention as described above, and the performance of the mixer may then be
estimated by estimating the magnitude of the value for the configuration
depending term of the entire mixer that is specific to each of the mixers and
can be obtained by measuring the respective sizes of the rotor-stator and

the power and flow rate during the running time which are included as

components of the Equation.
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5 li 71 [0068] The m xers A-1 and A-2 are offered fromthe sane
manuf acture, and have the sane capacity of 1.5 although they have the
different sizes. [0069] In Table 2, the gap volune V g corresponds to
the volune of the gap in Fig. 1. [0070] The nunber of the agitating
bl ades 10044heAcairdingte bhe stalei mebudegle downauhthofd fdrethe mexar ¢f the
and A-2 (each having the capacity of 1.5 liters) and B (having the
capaci w9tafstatpy typs) a$s propased dyy the miesent Anventions fustheimors, xdre
A-2, and four for the mxer B., [0071] .The experinpental canditions
and t hécely Bl o sealpatlows By he Redf@lm%%g?}bﬁoﬁﬁ@gi%ttﬁénvqﬁélﬁe}OE tgie

Lhat vas, Salcul alef undet (e exper tental, GandiLions 3L &nOtKeTable
Equation 1 on the experimental machine installation and/or the pilot plant
machine installation with the value for the total energy dissipation rate ¢,
that may be obtained on the actual machine installation to be scaled up or
scaled down and matching those values.

[0045] More specifically, the total energy dissipation rate ¢ , that may be
obtained from the above Equation 1 of the present invention represents the
total energy dissipation rate ¢ , that may occur in the mixing section of the
mixer of the rotor-stator type comprising the mixer unit which includes the
stator having a plurality of openings (holes) and the rotor disposed on the
inners side of the stator and spaced by the particular gag 6 away from the
stator.

[0046] In the experiments that were conducted by the inventors of the
present application, it becomes clear that the particle size breakup effect
(particle size breakup trend) can be discussed (compared or estimated)
systematically or consistently by applying the total energy dissipation rate

£ , that may be obtained from the above Equation, although there may be
differences in the rotor’s configuration, the stator’s configuration, the
mixer’s running condition (processing time, etc.), and/or the mixer’s scale
(size).

[0047] The total energy dissipation rate ¢ , may be expressed in terms of
the sum of the local shear stress ¢ , for the gap between the rotor and stator
and the local energy dissipation rate ¢ s for the stator, as expressed by the
above Equation 1.

[0048]In the experiments that have been conducted by the inventors of the

present application, it has been discovered that the performance of each of
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the mixers of the different types can be compared (estimated) by estimating
the magnitude of the configuration dependent term K. as one of the
components included in the Equation for deriving the total energy
dissipation rate ¢ ,.

[0049] The value for the configuration dependent term K. for the entire
mixer 1s specific to each of the mixers and may be obtained by measuring
the rotor-stator’ size and the power and flow rate during the particular
running time {e.g. the power and flow rate during the water running time).
It has been discovered that the performance of each of the mixers of the
various types can be estimated by comparing (estimating) the magnitude of
the values. The present invention is thus based upon this discovery.

[0050] By examining the relationship (particle size breakup trend)
between the total energy dissipation rate ¢ , that may be obtained from the
above Equation and the resulting drop diameters, and then by arranging
the experimental results into the graphical chart with the total energy
dissipation rate ¢ , being plotted along the horizontal (X) coordinate axis, it
is found that the change in the resulting drop diameters (particle size
breakup trend for the drop diameters) can be represented (estimated)
consistently.

[0051] Specifically, It may be appreciated from the below description as
embodiment 2 that the relationship (particle size breakup trend) between
the total energy dissipation rate: ¢ , that can be obtained by the Equation 1
of the present invention and the resulting liquid drop diameters can be
represented (estimated) by plotting the above the total energy dissipation
rate: ¢ , along the X coordinate axis and grouping the changes in the liquid
drop diameters (particle size breakup trend) together.

[0052] By the above examination conducted by the inventor of the present
application, it has been recognized that there is a nearly linear relationship

between the total energy dissipation rate: ¢  that can be obtained by the
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Equation of the present invention as described and the resulting liquid drop
diameters.

[0053] Because it is difficult to derive the experimental equation that can
be trusted statistically, the estimation of the liquid drop diameters has been
made by using the relationship between the liquid drop diameters obtained
experimentally and the total energy dissipation rate:¢ , obtained by the
Equation of the present invention.

[0054]As described above, the total energy dissipation rate: ¢ , obtained by
the Equation of the present invention may be divided into the configuration
dependent terms and other manufacturing conditions (including the time).
The total energy dissipation rate’ £ o will become larger as the configuration
dependent term (time) with the manufacturing condition term being fixed is
larger. The result is that the liquid drop diameters will be smaller under the
same manufacturing condition (time).

[0055] As this is described specifically, the particle size diameters can
actually be measured under certain manufacturing condition, and the value
for ¢ 4 can then be calculated. By this experiment, the value for ¢ 5 that is
required for obtaining the particular ligquid drop diameters can be
determined.

[ 0056 ] By comparing the value for ¢ o obtained when the mixer’s
configuration has been changed and the magnitude for ¢ 2 before the mixer’s
configuration will be changed, the trend of decreasing the liquid drop
diameter after the mixer’s configuration has been changed will be able to be
estimated.

[0057] Although the equation described before and the experimental
equation that can be highly trusted statistically are not available, it will be
possible to estimate the trend of decreasing the liquid drop diameters by
considering the effect of the mixer’s configuration on the liquid drop

diameters.

-20.



[0072 ]In Table 3, it is shown that the value of Kg / (Kg +Ks) is
equal to nore than 0.5. This neans, therefore, that Kg that is the
configuration dependent termfor the gap is greater than the
configuration dependent termKs for the stator. Wien the particle

si ze br §8RGR]) efif ehe smeodhod Her gapnafsictaping rife(frode) (ipohtding thd datihe
stator 2 are then conpared for the mxers A-1, A-2 and B, it is found
t hat t weogacts, cl drisikse betedkuppkéfmetetnieak henedicene gadiselusing eatler
and dom nating. [0073] Frogmthe_values of the total energy .

di ssi patiast drgges, Eetgpravsetheanicah wapdects, (nclydingsthoneesmetias) thie

xer PEbREAC GG ShelRRHbePOd OAPNTHG Portiena GRIBFAYED.
ter,. 0074]_ For. it he. m A-1 and. m A-2.in Table 2. th
erat GePE R rkl e T ot PEep bublh SiRe prtidBe drng

(rop. oV SICHEE, YR pakp OF YEE, foREHL GRS, TR, B0V "Fh Rt el

par ti clge $ichfePoLakemielf FRidfReMhkhen2iZ ehoaealid PRy AIFRBeS): d |
exhibit the sane trend as the values to be estinated by the total

ener gy bdiBanpdi dtae d dfvecfHauldtheptké iteal]l ctrrdgslisdipationl watd.: afem thd s
found that the particle size breakup effect (particle size breakup
per f or sihoee) EquihtiohesdO e hirgbent asvéiidogam® thont dxgimiatarg ithe Smtdrédy
for all nunbers of rotations. Wien it is thought that the processing
(m xi ngynning tundeand bervesmlinggobrogi diaomstears ofodpuBined orovgwish beirtg
is found that the speed of the rotaor tip should be 15m's, preferably
nor e t RApcespRthatmaa be ebtragdydwisng theamipeong SUNmHRS tipe e

prefera re than 30m s, st ef.er abl e than 40.to .
Bon 5. TpYafE] fnist dmaanarised Br ey B o0 pR 3Rk o he b Hi oot eatian,
arrang r..organi zed into, the, graphical.chart wih the processi

(i i ngpal mvFR R §5paR 86t G BRETRR. Stiurht leh Shrp AR Eelthry
that t : it 1 140l ' I

cannot " 3008s, (hel PEHEER AEREL BRr O bibBeYufEubY BREYRIE e |
A-1 angebnZmhRufathied  addONEMEY to thE prebaht PvdlitRok RARe PheE o8bd Raste
breakup trend) between the total energy dissipation rate E a as

pr opos €eklbye t ey eebpripdriieentualitpachd e Kks udhd age dlepediciigitefi-ém S
presented in Fig. 6. Wien the experinental results are arranged or

or gani thd standpting gff @phhgglenzheate of workhbilitgt dt iehkerpfone psefeanbbn
rate E a being plotted along the X coordinate axis, it is found that
t he chahgethe presendrigyeaitreskouldpke applieddpibepnannigrture nfthe deodre

expressed _(estimated) consistently. [0078] Specifically, it is found
that tRE Mg aneiaad medicines d tipanerqpreferabledhat it ghpuid i)ﬁ@nﬂlkﬁsl
dianmeter will begone smaller,.r dl ess of the.differences in

it ngb ARCRATAPRHE R HoeiobFor I 18 Fober HILeRaRIA g Eat db) Harid thee
m xer j i 0 i .t i r of IOk

00707 SSPUH PR IEARR o pepll 8P RE flpoBent? B B pldduess. T
rate E: ) t i nd st et iing, t i :

[t 18 1A SBKEabT, U6 AORKOLAL 1ESLEEHELE, e MAfiirbume of the
confi guhatitere é@cﬁPbH@nfﬂ Sehafly F;Slhﬂdc@é that &@St@tﬁntt}i@%ighgv ESk&tRE
account consistently. [0080] For the mxer Bin Table 2, the

rel ati eoppopitigarticl e si ze breakup trend) between the total energy
di ssipation rate E a proposed by the present invention and .the

resul ti §6060 bpsdiesreibedsalhoveyths geeent myEngiowprérides the performance
relationship, it is found that the drop di ameter depends |argely upon
t he valkatiniatagmimathgd ghat ean beahppheddgip daelsigiatieomixare Imvng the
regardl ess of the difference in the m xer's scale (si za [ 0081] From
Fig. 6Vanwus iypes ang corfignsationsppythatiarhethmmizersokiberefoazatapor

wi || exhi bi simlar trend regardless of the difference in the.
type tthatthﬁave %e various conefgguratleons and cﬁ'cuiatmn moges, and 1n

which the running conditions for those mixer is taken into consideration.
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to0l0), it can be thought that the m xer can be scaled up or scal ed
down by agreeing with the values (nmagnitudes) for the total energy
dissipation rate E a that can be obtained fromthe Equation 1 of the
present invention and considering the differences in the running
condi ti ¢a0abl Thenficgenatinoenmtion @083pAsvides hhs sbekng/andier deenimethiids
enbodi ment, the change in the drop dianeters (particle size breakup
trend thattchs kir appdedreteach afdhebnixeasrleaamngethe carpas edifigurations,
consistently when the experinental results are arranged_into the

gr aphi @ad st the runeig eurdifionsdpyphase sigats amto eausigerathenng

| ott ed,al t di nat is.. W .he food h ti.cal
AR TR TR R e N
fluid | i gui.d bei dtoth | sj.ficati di. i

1019 Rk RSB o NG A el e SRR
T S el SN, BES AL ORI ARG RIOILOR s

desi r ed g5 RRp Gh RIS tCa)iREs Bﬁé‘ﬁgfﬁrrﬂfaﬁfbebé’stﬂﬁh%_nt B%tl@gd' tﬁ%’g%l e

the present Tnvention so that the"mxer's running tine an

resul t isBglethpRcdlcod®ianse i Rengthhos beba ddseribedrabdviui d bei ng
processed during the mxer's running tinme can be esti mated.

EVMBODI MEBIT62] N@@She predelnit Sneabidhveiil be deeciibed evithresp e stocmveanked
for the three mxers in which the gap 6 between the rotor 3 and

st at or p2efegredr gmbiodimentampf ethg Bresentt onva@ntipn byr refeampre, tanihe

t he nunber of openings (holes) 1 for the stator, 2 is |arge flns > 20,
e.g. néceompanyIEydaiwings. lehepild be yodestoed eovpeepithabghagresent

mbodi ¢ 1, the liquid that i i ded f i mul at | daj

o1 oGuCERFERNG. ThaatoRBEsHELedn LarOTe] RmPAE o g (Gt oo pgesdnt
bj ect .of estimating the.particle. size b t he .ext er.nal

ci' cul AR aPRaPe AR B bt Falistlet P aRs 7R T Rme L 0P dBRRFERG,
drop diBuRbels o e%ﬁg&%@%ﬁ{tﬁ%@@ﬁﬂ@a ddhgqvayigh. the fluid or liquid

path by usrng t ser Ion-type particle size anal yzer

(SALD- 2000 as offered by Shinpgiedypiwigstpgi ng Conpany), and the
particle size breakup trend for the drop dianeters were exam ned and
esti mat §d064] W Rfuidhibaliix prodeiadvi Rimtuletiagpadhiry podlR0 is birepsded
the m xer D (having the capacity of 500 liters), and the m xer E
(havi ngst ha ohpadti b eftih@tkig ats tendjcleaseeubedaknpt ils se hinodd nelma t,
and the sunmmary for those three mxers is ‘El;esent_ed in Table 4. Those
three sinalatesrtheodpiayeprddusinconsammnthararitk agotainrepncantratien (MPC,
avai | abl e_on the commercj market. For the mxer C, five mxers .
(St at ol M. @qtatldnéﬁaawe@, rapesgee Rilpanghvakes itwqmepélﬁton andgatio
size of the ga an e, nunber of openings 1, were examned. co O
oo CerpdrefiRisd BT by
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Table 1 Composition Ratio of Simulated Liguid for Milk Product

Composition Milk Produet Concentrate (MPC) 8.0%
Rape Seed Oil 4.5%
Water 87.5%
Total. 100%
Ratio Protein/Water 9.1%
Oil/Protein 56.3%
Oil/Water 5.1%
Properties Density © 1028 kg/m*®
Viscosity 15 mPa-s

[0065] The mixer performance was estimated by checking the particle size
breakup trend for the drop diameters on the experimental basis. The unit
that employs the external circulation system as shown in Fig. 3 was
provided, and the drop diameters were measured on the middle way of the
fluid or liquid path by using the laser diffraction-type particle size analyzer
(SALD-2000 as offered by Shimazu Manufacturing Company).

[0066] 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 examined on the experimental basis
and the mixer performance is then estimated. It is noted, however, that for
the internally circulated mixer and the externally circulated mixer, 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 disposed on the inner side of the status 2 and spaced by the
particular gap 0 away from the stator 2, as shown in Fig. 1. When the
performance of the internally circulated mixer was then estimated, this was
done by using the results obtained by estimating the externally circulated

mixer, under the assumption that the internally circulated mixer comprises
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t< oct co [ 0087 ] In Table 4, it is noted that the opening aria
ratio Ais the dinmensionless quantity that is neasured in terns of
the "all opening area ratios (= one hole area x nunber of holes) /
stator's surface area". [0088] The experinental conditions and the
val ues thalsamhatecket qunithes tlod aktemedlyy cidicskitpdtimareir wiheclk iaclrlgdr thehe
running condition are presented_ in Table 5. et. 100 ? 6 0 ,-.4x 6
X ,-4rotpriand stator each having the same dimension (size), configuration and
structure as the externally circulated mixer as shown in Fig. 4.

[0067] In this embodiment, the respective performances for the three
mixers were compared, in which the gap § between the rotor 3 and the
stator 2 was small (6§ =1mm, e.g. §= 0,05 to 0.5mm), and the number of
openings (holes) 1 for the stator 2 was fewer (the number of opening 1 = n,
=20, e.g. ng = 1 to 10). The summary of the mixers that ware used here is

given in Table 2.
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[0089] Since the values for Kg / (Kg + Ks) range between 0.1 and 0.3
as seen fromTable 5, the configuration dependent termKs for the
stator will be greater than the configuration dependent term Kg for
the gap. For the mixer Cin Table 4, therefore, it is found that the

particle sife brleakup effect for|the opening portion 1 on the stator
2 is greatef and npbre dom nating
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[0068]) The mixers A-1 and A-2 are offered from the same manufacture, and
have the same capacity of 1.5 although they have the different sizes.

[0069] In Table 2, the gap volume v ; corresponds to the volume of the gap
0 in Fig. 1.

[0070] The number of the agitating blades for the rotor 3 that is included
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[0090] As it is clear fromthe value for Ke / _ad which is normalized
by Ke for the stator No. 4 in Table 5, it can be estimated that the
particle size breakup effect will becone higher as the nunber of the
stator is greater. [0091] For the mxer C (Stator No. 1 - Stator No.
5), thénrekhtd{dhehihpxdpaktli ahd AsR{eadh hakine thendpaticy wédrd tihers) and
processing (mxing) time and the resulting drop dianeters under the
i xer rﬁjﬁgaﬂi},lg:(bhelictaip@miﬁynoﬂ'@bliéeﬁ)ii§ fomawfori therimgixeg A-T, foog2for| thd s
found that the particle size breakup effect (particle size breakup
per f or Aay¥EE)A ex angi fourtfae thampixerdhd as the val ues to be estimated by

lQ/ Kc yn Jable 5 . and the rticle size break effect,..and is
nigher 007 Lhy The ctbarsmensal o and KBS <alleit Ralis dredro ke
/| Kc_std are large...\Wen.the ocessin b xi ng) _tine. under m.xer's
runn g 6oRG SRGHE L Thghohe At R Aalali At onlde T G Finli R
area ralhQ; i i od when it is above 0. 15 (15%,
prefergﬁ?§“§’%%g§%%gﬁ?£§&§?%#%§é preferably above 0.3 (30%, nuch
nore preferably 0.4 (40%, or nost preferably 0.4 to 0.5 (40 to 50%.
Thus, it is better to consider the strength of the opening for the
stator. [0093] For the Stator No. 3 and Stator No. 4 that have the
equi val ent values for Ke / Kc_std, they show the equivalent particle
size breakup trend. Wien the mxer's performance is estinated by the
values for Kt / Kc_sta and the values for the total energy

di ssipation rate E a that can obtained by the Equation 1 of the
present invention, therefore, it is found that the trend can be
expl ai ned not only quantitatively but also qualitatively.. [0094]
When the experinental results are arranged into the graphical chart
with the processing (mxing) tinme being plotted along the X
coordinate axis, it is found that the change in the drop dianeters
(particle size breakup trend for the drop dianeters) cannot be
expressed (estimted) consistently. [0095] Now, for the mxer C
(Stator No. 1 to Stator No. 5) in Table 4, the relationship (particle
size breakup trend) between the total energy dissipation rate E ato
be obtained by the Equationl and the resulting drop dianeters is
presented in Fig. 9. [0096] Wen the experinental results are
arranged or organi zed into the graphical chart with the processing
(mxing) tinme being plotted along the X coordinate axis, it is found
that the change in the drop dianeters (particle size breakup trend
for the drop dianmeters) can be represented (estinmated) consistently.
As this is explained specifically, it is found that the drop dianeter
follows the simlar trend and is decreasing, even though there are
differences in the mxer's running condition (the nunber of
rotations, mxing tine) and the configuration of the m xer (gap,
stator's hole dianeter, stator's opening area ratio). [0097] That
is, it has been confirned that the total energy dissipation rate E a
that can be obtained by the Equation 1 of the present invention may
serve as the index that can be used to estimate the m xer of the
rotor-stator type in particular, when the differences in the mxer's
runni ng condition and configuration are consi dered consistently.
[0098] For the mxers D and E in Table 4, the relationship (particle
si ze breakup trend) between the total energy dissipation rate E a
that can be obtained by the Equation of the present invention and the
resulting drop dianeters is presented in Fig. 10. It is found that
the drop dianeter depends on the value (magnitude) for the total
energy dissipation rate E a even though the scale (size) of the m xer
may have the different capacity such as 200 to 700 liters. The drop
di aneter has the simlar trend even though the scale (size) of the
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[ 0102 1 It can be said that it is essential in designing the actual
manuf acturing process to estinmate the processing tine (equival ent
mxing tine) that will be required for obtaining on the actual m xer
installation the drop dianeter that can be obtained on the pil ot

pl ant m xer installation. The procedure for estimating the equival ent

m xing tine || be described bel ow on the basig of the val ued
presented ip [fable 6. Table 6 Estination,of Equijvalent M xing Tine
Pilot Plant|$fxeg &nstal LaBion 9Z18 1. A& &l M|xer Installation 7009
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Speed of Rotor's Blade 'Bp U tru/sl 17 22 Ibtal Energy Dissipation
Rate c, bil'ial 4..73x 104 1.90k104 Equivalent Mxing Time t, lininl
1 2.49

[0072]In Table 3, it is shown that the value of Kg / (K¢ +Ks) is equal to more
than 0.5. This means, therefore, that K, that 1s the configuration dependent
term for the gap is greater than the configuration dependent term Ks for the
stator. When the particle size breakup effects for the gap and opening (hole)
portion 1 in the stator 2 are then compared for the mixers A-1, A-2 and B, it
is found that the particle size breakup effect for the mixer gap §is greater
and dominating.

[0073] From the values of the total energy dissipation rate ¢ ,presented in
Table 3, it was estimated that the particle size breakup effect would become
higher as the gap 6 in the mixer is narrower and as the number of rotations
for the stator is greater.

[0074] For the mixer A-1 and mixer A-2 in Table 2, the relationship (the
particle size breakup trend) between the processing (mixing) time under the
mixer running conditions and the resulting drop diameters in Table 3 1s
then presented in Fig. 5.

[0075] The particle size breakup effect (particle size breakup performance)
will exhibit the same trend as the values to be estimated by the total energy
dissipation rate ¢ , (theoretical values) in Table 3, and it is found that the
particle size breakup effect (particle size breakup performance) will become
higher as the gap § in the mixer is smaller for all numbers of rotations.
When it is thought that the processing (mixing) time under the running
conditions is adequate, however, it is found that the speed of the rotor tip
should be 15m/s, preferably more than 17m/s, more preferably more than
20m/s, much more preferably more than 30m/s, and most preferably more
than 40 to 50m/s.

[0076] Note, however, that when the experimental results are arranged or
organized into the graphical chart with the processing (mixing) time being
plotted along the X coordinate axis, it is found that the change in the drop

diameter (particle size breakup trend) cannot be expressed (estimated)
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[0103] On the pilot plant m xer installation (in which the m xer has
the capacity of 500 liters), the total energy dissipation rate E ais
4.73 x 104 when the m xer rotates at the rate of 27/sec., while on
the actual mxer installation (in which the m xer has the capacity of
7,000 lebterss¢ntlyhe total energy dissipation rate E a is 1.94 x 104
when thi nix?r rotates_at the rate of 17/sec. In order to nmake the
val ues 18P7El aFonthaenieraah - InhrdrAishsn diabde i%rhaweedr, tbetusdatiansgleip
for E a on_the pilot plant mxer installatiogn, the prqcessing

(m xi ngya%fad&w% vegloup itreRdpeive et he Rl @aerg\%émapﬁapp,rattﬂé s a8

equi val ent mxing tine on the actual mxer installation be, .
oot magEEPeErh B3 the BreEaty Ha G Ah DR R IR HplaTSL
pl ant m._x i nst.al kati gn. 01 Iln order .tp nmake, it sure that,this
bet ! rabrBi et il e ¥ uhed: Pis, b iR Ehe L TR e SR
act ual - val ' biG) TR LS it
w0t U2l oERSHRANES AT RN M F1k oL jo B OBl S EATRE e
si ze b'b%ﬁ‘f%'@l@ﬁté&%l)m?&h@@@ cB6Fdlat&aXed, it RS ¥ehh@ttha® thBahahas iRegl
estimated Tromthe actual neasured val ues on the pilot plant

i nst al ldabp odiainse tegUplartield kezapdirbakhp t3bAd) @ant be axgiruasedri(astimated)
installation. [0105] Fromthe above, it is found that the m xer can
be scakedsigpebtlyappl yi ng the values for a obtained fromthe Equation
to estipate the m xer's performance and the m xer running time,

consi defPAG81 HapedifienByrdyis feuniithat dheetroprdiameetier eshibits the similar

configuratiaon (scale). .101061The nethods (theories) that are
pr ovi déEPIFCL Py &Pdﬁﬂead?s%ahamtyr peLlhpscome tsmllf?aséegax@egsmf the
whi ch th ap bet n the.rotor d stator affects |argel he . .
par 1 CRATET AP, Wkt "RREE GAhaRe| e AR MG Terh EP OIS, (he EEHEs
(t heori t.yare:provi LN ri arh. c iledyto
those e} A AL MO RaBl L86 37 theCRRpRte TRRERBLOFR,
parti cl ¢o#3 bt £ {hf b d $HHE Sh 63l QR r8F 18SLipatida@ ta:e i
met _hodsf?t hegr?réfﬁ, _’Etomever,rt%at can e&%pp? |£g§to tlpng 1mﬁxersfoaf t he
vari ougefvydess i theihebxt i Ratim&tiagSkEe Blieakyppetfoesiae when the
enul sification effect are not affected by the gap or opening. [ 0107
1 I'n adéffecanes in the thanpigsentitisw amid emfigeatpen ffor thaarixer of the
estimation or scale up for the m xers which are dependent on the gap
or opempby-staobéypeatetakdnbnte ansiwer ¢mgisteatharti cl e si ze breakup
ef f ect ?r erTEI sification effect consistently. Mre, specifically, the
present [PA§RhiFonthe mixer fhin (labledy she patafionshiph@arsiche gige breakup

(theories) that can be applied to, all possible types of. mxers, based
on t he CEHPrPEVRETT BReipel el Fem ahOr i Caing D SeRA 6 Y RS A he

oS o N RS TeR TR 50, AR b RS o
corductagh PAURIRDNG IWHALAA P14EUE s B0 QOELFEL AN bl

(tradema yo hr's n
condi t'tH@%lﬁ@Qﬁ?aé}ﬁ‘fﬁdérﬁéf CREMBEAL 283N RIYSHi6RralRE Qeef%mess of
presented in Table 7. able 7 Nutrition Conditioned Food D3ALANCE

EPOL 0 thd raafle f@yide) 11Coh® asikbi-@rsch 10 (itRe). Ener gy[ kcal ] 100 Protei nl gl
[0081]From Fig. 6 and Fig. 7, it is also found that the particle size breakup
will exhibit the similar trend regardless of the difference in the mixer’s
scale.
[0082] For the mixer of the rotor-stator type in which the gap § between
the rotor 3 and stator 2 is small (§ £ 1mm, e.g. § = 0.05 to 0.5mm), and the

number of openings (holes) 1 for the stator 2 is small (ns = 20, e.g. ns= 1
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Fat[0 2.5 Saccbaride 14.1 Dietary Hier[g] 1.2 Ash[g] 0.7 VWater[qg]
84.3 Property Value Gsnotic Pressure inmOsn 141 420 pH(20t) [-] 6.7

to10), it can be thought that the mixer can be scaled up or scaled down by
agreeing with the values (magnitudes) for the total energy dissipation rate
¢ . that can be obtained from the Equation 1 of the present invention and
considering the differences in the running condition and configuration.

[0083] As it has been confirmed in this embodiment, the change in the drop
diameters (particle size breakup trend for the drop diameter) can be
represented {compared) consistently when the experimental results are
arranged into the graphical chart with the total energy dissipation rate ¢ |,
being plotted along the X coordinate axis. When the foods, pharmaceutical
medicines or chemical products are manufactured by subjecting the fluid or
liquid being processed to the emulsification, dispersion, particle size
breakup, mixing or any other similar process using the mixer of the
rotor-stator type as 1t was done in this embodiment, the foods,
pharmaceutical medicines or chemical products that have the desired drop
diameters can be manufactured by using the Equation of the present
invention so that the mixer’s running time and the resulting drop diameters
obtained for the fluid or liquid being processed during the mixer’s running
time can be estimated.

EMBODIMENT 2

[0084] In this embodiment, the performance was compared for the three
mixers in which the gap § between the rotor 3 and stator 2 is large (§ > Imm,
e.g. 0= 2to 10mm), for example, and the number of openings (holes) 1 for
the stator 2 is large (ns > 20, e.g. ns= 50 to 5000), for example.

[0085] Like the preceding embodiment 1, the liquid that is provided for
simulating the dairy product having the composition shown in Table 1 was
used as the object of estimating the particle size breakup, and the
externally circulated mixer unit was provided as shown in Fig. 3 in which
the drop diameters were measured on the middle way of the fluid or liquid

path by using the laser diffraction-type particle size analyzer (SALD-2000
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Visoosity (200[nPa sl 10 Specific Gavity (200 [-] 1.078 [0109] In
this enbodi nent 4, the experinments were conducted by using two types

of m xers (one has the capacity of 9 kiloliters and the other has the
capacity of 400 liters), in which the rotor's nunber of rotations and
t he acasnoffared! Wy rShimesen VMianedactihdsg Compapes aofd rtheepartick size

offered fromthe same manufacturer of the mxers AL B and C as in the
enbodi heaakup taend Zor the drop diamesgpewieregixamineddind eatinzaicdt he

val ues ial cuhated for the total_ energy dissipation rate E a are .

pr esent &408A] e miger Crihsving ths sapasithdll 08dHars). she maiwerddi(havinged

Val ues t¥1\('a ETBALACE P5&0 (i)

ea 9kL 1050r mﬂ:. 4E+06
capacity o

iters), and the mixer aving the capacity of 10
kiloliters) ware used in this embodiment, and the summary for those three
mixers 1s presented in Table 4. Those three mixers are offered from the
same manufacturers, and are available on the commercial market. For the
mixer C, five mixers (Stator No. 1 to Stator No. 5), each of which is different

in the size of the gap § and the number of openings 1, were examined.
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(nm2/s1 91 1050rpm 40 1.013 40 4.56E+07 5 0.771 45 5.13E+07 5 0.742
50

[0087} In Table 4, it is noted that the opening aria ratio A is the
dimensionless quantity that is measured in terms of the “all opening area
ratios (= one hole area x number of holes) / stator’s surface area”.

[0088] The experimental conditions and the values calculated for the total

energy dissipation rate ¢ , under the running condition are presented in

Table 5.
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1.34E+07 5 2.37 12 2.29E+07 8 1.2 20 3.82E+07 5 0.925 25 4. 78E+07

[0089] Since the values for Kg / (K; + Ks) range between 0.1 and 0.3 as
seen from Table 5, the configuration dependent term K; for the stator will be
greater than the configuration dependent term K for the gap. For the mixer
C in Table 4, therefore, it is found that the particle size breakup effect for
the opening portion 1 on the stator 2 is greater and more dominating.

[0090] As it is clear from the value for K¢/ K¢ _sta which is normalized by K.
for the stator No. 4 in Table 5, it can be estimated that the particle size
breakup effect will become higher as the number of the stator is greater.

[0091] For the mixer C (Stator No. 1 — Stator No. 5), the relationship
(particle size breakup trend) between the processing {mixing) time and the
resulting drop diameters under the mixer running condition in Table 5 is
shown in Ifig. 8.

[0092] It is found that the particle size breakup effect (particle size
breakup performance) exhibits the same trend as the values to be estimated
by K./ Kec _stain Table 5 and the particle size breakup effect, and is higher for
any of Stator No. 1 to Stator No. 5 when the values for K./ Kc siq are large.
When the processing (mixing) time under mixer’s running conditions is
thought to be adequate, it is found that the area ratio of the opening is good
when it is above 0. 15 (15%), preferably above 0.2 (20%), more preferably
above 0.3 (30%), much more preferably 0.4 (40%), or most preferably 0.4 to
0.5 (40 to 50%). Thus, it is better to consider the strength of the opening for
the stator.

[0093] For the Stator No. 3 and Stator No. 4 that have the equivalent
values for K¢ / Kc_sta, they show the equivalent particle size breakup trend.
When the mixer’s performance is estimated by the values for K. / Kc_siqa and
the values for the total energy dissipation rate ¢ , that can obtained by the
Equation 1 of the present invention, therefore, it is found that the trend can
be explained not only quantitatively but also qualitatively..

[0094] When the experimental results are arranged into the graphical
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5 0.807 30 5. 74E+07 5 0.751 35 6.69E+07 5 0.696 40 7. 65E+07

chart with the processing (mixing) time being plotted along the X coordinate
axis, it is found that the change in the drop diameters (particle size breakup
trend for the drop diameters) cannot be expressed (estimated) consistently.

[0095] Now, for the mixer C (Stator No. 1 to Stator No. 5) in Table 4, the
relationship (particle size breakup trend) between the total energy
dissipation rate ¢ , to be obtained by the Equationl and the resulting drop
diameters is presented in Fig. 9.

[0096] When the experimental results are arranged or organized into the
graphical chart with the processing (mixing) time being plotted along the X
coordinate axis, it is found that the change in the drop diameters (particle
size breakup trend for the drop diameters) can be represented (estimated)
consistently. As this is explained specifically, it is found that the drop
diameter follows the similar trend and is decreasing, even though there are
differences in the mixer’s running condition (the number of rotations,
mixing time) and the configuration of the mixer (gap, stator’s hole diameter,
stator’s opening area ratio).

[0097] That is, it has been confirmed that the total energy dissipation rate
£ a that can be obtained by the Equation 1 of the present invention may
serve as the index that can be used to estimate the mixer of the rotor-stator
type in particular, when the differences in the mixer’s running condition
and configuration are considered consistently.

[0098] For the mixers D and E in Table 4, the relationship (particle size
breakup trend) between the total energy dissipation rate ¢ » that can be
obtained by the Equation of the present invention and the resulting drop
diameters is presented in Fig. 10. It is found that the drop diameter
depends on the value (magnitude) for the total energy dissipation rate ¢ a
even though the scale (size) of the mixer may have the different capacity
such as 200 to 700 liters. The drop diameter has the similar trend even

though the scale (size) of the mixer is different.
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10 0.642 50 9.56E+07 400L 1500rpm 5.5 5.763 5.5 1. 06E+07 3 2.667 8.5
1. 63E+07

[0099] For the mixers of the rotor-stator type in which the gap 8§ between
the rotor 3 and stator 2 is larger (§ > 1mm, e.g. §= 2 to 10mm), and the
number of openings (holes) 1 for the stator 2 is larger (ns > 20, e.g. ns= 50 to
5000), it can be thought from the above that those mixers can be scaled up
by agreeing with the values (magnitudes) of the total energy dissipation
rate £ o that can be obtained by the Equation 1 of the present invention and
by considering that there are the differences in the mixer’s running
condition and configuration consistently.

[0100] In the current embodiment 2 like the preceding embodiment 1,
furthermore, when the experimental results are arranged or organized into
the graphical chart with the total energy dissipation rate ¢ , obtained by the
Equation of the present inventing being plotted along the X coordinate axis,
it is also found that the change in the drop diameters (the particle size
breakup trend for the drop diameter) can be expressed (estimated)
consistently. Thus, when the foods, pharmaceutical medicines or chemical
products are manufactured by subjecting the fluid or liguid being processed
to the emulsification, dispersion, particle size breakup, mixing or any other
similar process using the mixer of the rotor-stator type, the foods,
pharmaceutical medicines or chemical products that have the desired drop
diameters can be manufactured by calculating the Equation of the present
invention in order to estimate the mixer’s running time and the resulting
drop diameters obtained for the fluid or liquid being processed during the
mixer’s running time.

EMBODIMENT 3

[0101] The details of the scale up (scale down) method are now described
below, in which the mixer’s running time is considered, and the total energy
dissipation rate ¢ , that may be obtained by the Equation as proposed by the
present invention is applied.

[0102] It can be said that it is essential in designing the actual
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manufacturing process to estimate the processing time (equivalent mixing
time) that will be required for obtaining on the actual mixer installation the
drop diameter that can be obtained on the pilot plant mixer installation.
The procedure for estimating the equivalent mixing time will be described

below on the basis of the valued presented in Table 6.

Table6  Estimation of Equivalent Mixing Time

Pilot Plant Mixer Installation  Actusl Mixer Installation

KO0 T, 7000 L
Speed of Rotations N (178} 27 17
Speed of Rotor’s Blade Tip u lm/s} 17 22
Total Energy Dissipation Rate ¢,  [m%s?] 4.73% 10" 1.90x10*
Equivalent Mixing Time ty Jmin} 1 2.49

[0103] On the pilot plant mixer installation (in which the mixer has the
capacity of 500 liters), the total energy dissipation rate ¢ ,is 4.73 x 104 when
the mixer rotates at the rate of 27/sec., while on the actual mixer
installation (in which the mixer has the capacity of 7,000 liters), the total
energy dissipation rate ¢ ,1s 1.94 x 104 when the mixer rotates at the rate of
17/sec. In order to make the values for ¢ , on the actual mixer installation
equal to the value for ¢ , on the pilot plant mixer installation, the processing
(mixing) equal to 2.49 times would be required. Accordingly, the equivalent
mixing time on the actual mixer installation may be estimated to be 2.49
times the equivalent mixing time on the pilot plant mixer installation.

[0104] In order to make it sure that this estimation is adequate, the
estimated values are compared with the actual measured values as shown
in Fig. 11. From this comparison, it may be appreciated that the particle
size breakup trend (particle size breakup effect) on the actual mixer
installation that has been estimated from the actual measured values on
the pilot plant installation is equal to the particle size on the actual mixer

installation.
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3 0.617 8.5 9.35E+07 4 0.593 12.5 1.37E+08 10 0.527 22.5 2. 47E+08
[0111] The relationship (particle size breakup trend) between the
total energy dissipation rate E a and the resulting drop dianeters is
presented in Fig. 12.

[0105] From the above, it is found that the mixer can be scaled up by
applying the values for ¢ , obtained from the Equation to estimate the
mixer’s performance and the mixer running time, considering that there
may be differences in the mixer’s configuration (scale).

[0106]The methods (theories) that are provided in the prior art can only be
applied to those mixers in which the gap between the rotor and stator
affects largely the particle size breakup effect or emulsification effect, or the
methods (theories) that are provided in the prior art can only be applied to
those mixers in which the opening (hole) on the stator affects the particle
size breakup effect or emulsification effect. There are no methods (theories),
however, that can be applied to the mixers of the various types in which the
particle size breakup effect or emulsification effect are not affected by the
gap or opening.

[ 0107 ] In accordance with the present invention, the performance
estimation or scale up for the mixers which are dependent on the gap or
opening can be performed by considering the particle size breakup effect or
emulsification effect consistently. More specifically, the present invention
allows for the development of the methods (theories) that can be applied to
all possible types of mixers, based on the mixer’s performance estimation
method and scale up method, the uses of which have been restricted in the
prior art.

EMBOIDIMENT 4

[0108] The experiments on the particle size breakup effect ware conducted
by using the nutrition conditioned foods (MEIBALANCE 1.0 HP
(trademark) offered by Meiji Nyugyo Company. This nutrition conditioned

foods have the composition and physical property as presented in Table 7.
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[0112] When the experinmental results are arranged into the graphical
chart with the total energy dissipation rate E a proposed by the
present invention being plotted along the X coordinate axis, it has
been found that the change in the drop dianeter (particle size
breakup trend for the drop di aneters) can be represented (estinated)

consi st effebly? -NutrifignG@Hitivhed Ford@BBALANERHPID (Bradposts t he i xer's

performance ¢sggQ EGQ&EDOG and the mxer s scalle up nethod (or
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time which are the conponents included in the Equation 1,
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estimating the magni tude of the values for the entire m xer that are
specific to each of the mxers and are obtained in the neasuring

step; and estimating the performance of the mxer: Ea = es =[(P p -
or2).1 D3D36 [(5(D ff2n.,2 d3 + Lit) 41:

tin + 8)) ,45(D 4N ol p,

t ot 0) L e R 2t kiRt K darimld Values (METBALACE P 1.0
£a
okl 1050rpm 1.14E+086
1200rpm 1.91E+086
00l | 1500rpm 1.92E+06
2040rpm 1.10E+07
Time d 50 Arrumulated ra

(min] [pum] Time fmin] {m?s?]
40 1.013 40 4.56E+07
Ok, 5 0.771 45 5.13E+07
1050rpm 5 0.742 50 5.70E+07
7 0.691 57 8.50E+07
15 0.619 72 8.21E+07
7 13.8 7 1.34E+07
5 2.37 12 2.20E+07
8 1.2 20 3.82EH)7
9kL 5 0.925 25 4,78E+07
1200rpm 5 0.807 30 5. 7T4E+07
5 0.751 35 6.69E+07
5 0.696 40 7.65E+07
10 0.642 50 9.56E+07
5.5 5.763 5.5 1.06E+07
400L 3 2.667 8.5 1.63E+07
1500rpm 4 1.884 12.5 2.40E+07
10 1.176 22.5 4.33E+07
5.5 0.68 5.5 6.05E+07
400L 3 0.617 8.5 9.35E+07
2020pm 4 0.593 12.5 1.37E+08
10 0.527 22.5 2.47E+08

N
d2

[0111] The relationship (particle size breakup trend) between the total

energy dissipation rate ¢ 5 and the resulting drop diameters is presented in

Fig. 12.

[0112] When the experimental results are arranged into the graphical

chart with the total energy dissipation rate ¢ z proposed by the present

invention being plotted along the X coordinate axis, it has been found that

the change in the drop diameter (particle size breakup trend for the drop

diameters) can be represented (estimated) consistently.
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1P14; till ) =K (N tin Equation 1 tV In the Equation 1, E a Total
energy dissipation rate (n2/s3) E g Local shear stress in the gap
between the rotor and stator (n2/s3) E s Local energy dissipation
rate in the stator (n2/s3) Np ; Nunmber of powers (-) Ngd : Nunber of
f1 ow r af 8318] he pidseiné inwéntiongrropbseketh®nfixer Bireréiren awde etimat{on
b : Thickness of rotor blade tip (m 6 : Gap between rotor and stator
(nm) : mweithod endsthe oniterescoled up Biethwdefowfcaleatiownhoiathod) which
Thi ckness of stator (m N : Nunber of rotations (Vs) )
provide the excellent and efficient functions that have been described
heretofore, and those methods can be utilized in the various industry fields
in which the emulsification, dispersion, particle size breakup, mixing or any
similar process occurs. For example, the industry fields include the
manufacturing fields in which foods, pharmaceutical medicine, chemical
products and the like are manufactured.

[0114](1) For the existing mixers of the rotor-stator type that are available
on the commercial market, the performance of those conventional mixers
can be estimated by allowing the mixers to run simply by using the usual
water (which is called the water running operation) instead of using the
actual processing liguid. By reviewing the water running operation that is
useful in making such reviews, the most suitable mixer of the rotor-stator
type that can meet the needs of each user can be chosen. In this way, the
cost of choosing the mixer can be reduced, and the time required for making
the review can be decreased.

[0115] (2) By adopting the geometrical size in such a manner that it can
maximize the configuration dependent term of the total energy dissipation
rate ¢ 5, the performance enhancement as well as the mixer’s improved
design and manufacture can be provided for the novel mixers of the
rotor-stator type according to the present invention, while the performance
1mprovement can be achieved for the conventional and existing mixers.

[0116] (3) For the various mixers of the rotor-stator type that range from
the small scale mixer to the large scale mixer, those mixers can be scaled up
or scaled down efficiently by taking the processing (agitating) time required
for the mixers into consideration.

[0117] (4) In order to achieve the particle size breakup effect (drop

diameter) that meets the needs of each user, the good way is to estimate the
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t. : Mxing tine (s) V: Flowrate (ns) Kg: Configuration dependent
term (n2) IC. Configuration dependent termin stator (n2) Ke :
Configuration dependent termfor the entire m xer 2. A nethod
of scaling up or scaling down the m xer of the rotor-stator type,
wher ei pro¢rssimeg Rodriufatioas gl biens reguined: for this puspoeé,mmd ther toatue
for the total energy dissipation rate, a on the_experinental m xer

i nst al FheimEandremg pe Hitlotipe Hit tnisceequinedalnddiovay thei ngorime

Equation 1 given | ow; . obtaining the value for .the total

ener gy tHRE ] ﬂéﬂ%’f%ﬁ?‘%ra%e T SRR BRIV AAGANE HEARIIRERER ot then;
al | ow ngFt_he val.ue E a, obt ai nedI on the experinental m xer

i nst al FREFEh AT BECBAIRNE i xer installation to agree with the
value a neasured on the actual m xer installation; and scaling up or

scaling down the mxer: - Ca = Eg Es D3 b2n32d3 + at) y Art t",
= [(nip- Non-2 ) nrifiD3R 5(D + 5)) 4N op?, d2 + 4c5(D + 5)1V )
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=KN - No7r2)-nr1-[D3(Kg+ Kj)](N4v: ) = KNt ) V Equation 1 In
the Equation 1, E a Total energy dissipation rate (n2/se) E g Local
shear stress in the gap between the rotor and stator (nR2/se) E s
Local energy dissipation rate in the stator (nRlse) Np : Nunber of
powers (-) Ngd Nunber of flow ratdsLAIMS : Nunber of rotor blades 0
: Diameter of rotor  (m) b : Thickness of rotor blade tip (m 6 Gap
bet weeVhat o¢ ckithest 8 or (m) ns : Nunber of stator holes (-) d

D anmet er of stator ghl%(fn‘(@ Thlckness of stator (n} : Nunber of
rotations (1As)AtRe 1t¢ﬁ1ﬁbm(a§)ng he Bwfpam@n@ﬁey ke mixer of the
Conflgurﬁﬁl on de enden ter (%Es Con on dependent termin
st at or TPHPySHRas ’g‘ﬁ’ f‘?l(’i'nl}f'e Bﬂtmf’ ?tﬁB ntire m xer

obtaining the total energy d1331pat10n rate ¢ . by using the Equation
1 given below;

measuring the size of the rotor-stator and the power and flow rate
during the mixer’s running time which are the components included in the
Equation 1;

estimating the magnitude of the values for the entire mixer that are
specific to each of the mixers and are obtained in the measuring step; and

estimating the performance of the mixer:

E,=6€, +&

_ _ 2V n 3 D% + il n d (d+4£) i Nt
=, v m) J{D [(5(13“5)] 4N ,\n, d1+46(D+5)]]}( J
[0 o oo, i (2

Nt
= K e’ ( V ] . 0w » L] = s = Equaﬁon 1

In the Equation 1,

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

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

N, : Number of powers (-)

Ngqd : Number of flow rates (-)

n, : Number of rotor blades (-)

D : Diameter of rotor (m)
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3. A nethod for manufacturing the foods, pharnmaceutical nedicines or
chem cal products by subjecting a fluid or |iquid being processed to
the enul sification, dispersion, particle size breakup, m xing or any
other simlar process by using the m xer of the rotor-stator type,
wher ei b :{Heckeesodf iotokbdede tthe (s eps  of : cal cul ating the
Equation 1 given below to estimate the mxer's running time and the
resul tithg* Gedpbelivegan eetortandstaspr dmed for the fluid or |iquid being
processed 1guri ng the mxer's running tinme; and manuf act uri ng
the fodds, NpHdET eﬁﬁﬁﬁ‘bl'ah‘)lf‘?éod')ci nes or chenical products: Ea= Eg+ 2

2032 (o s il 0 2 (P02 ot 0 5 anv
- (N1 liir;ﬁhicklnésézgflgéa{t%? (%1) 'n the Equation 1,
N : Number of rotations (I/s)
tm : Mixing time (s)
V : Flow rate (m3)
K; : Configuration dependent term (m2)
K Configuration dependent term in stator (m2)
K. : Configuration dependent term for the entire mixer
2. A method of scaling up or scaling down the mixer of the
rotor-stator type, wherein the method includes the steps of:
obtaining the value for the total energy dissipation rate ¢ 5 on the
experimental mixer installation and/or the pilot plant mixer installation by
using the Equation 1 given below;
obtaining the value for the total energy dissipation rate ¢ » measured
on the actual mixer installation;
allowing the value ¢ . obtained on the experimental mixer
mstallation and/or pilot plant mixer installation to agree with the value ¢ 4
measured on the actual mixer installation; and

scaling up or scaling down the mixer:
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E a Total energy dissipation rate (n2/s3) E Local shear stress in the
gap between the rotor and stator (n2/s3) E s Local energy dissipation
rate in the stator (n2/s3) Np : Nunber of powers O Ngd : Nunber of
flowrates O nr : Nunber of rotor blades O D: D aneter of rotor (m
b : Thickness of rotor blade tip (m 6 : Gap between rotor and stator
(m ns : Nantrer Tdfs st at or hol es (-) d: D aneter of stator hole (m
1: Thickness of stator (rr) N Nunber of rotations (Vs) tih . Mxing
time (s) V: K ) % L_Lratlaﬁnﬂdb@hdéﬂi t efth ¥ ), Ks
Configuration epend@nt rg(gj@t(gr (g_&%ﬂlﬁs 4?2 -@5‘{1')9}3)&} ony

dependent termfor the ent xer

=V, N, 7)-n ' &, +Ks)].[N‘;-rm]

N* -t
= KC * . » . . . . L] Equaﬁon 1

V

In the Equation 1,

¢ a - Total energy dissipation rate (m2/s8)

¢ . " Local shear stress in the gap between the rotor and stator (m2/s3)
¢ s - Local energy dissipation rate in the stator (m2/s3)
N : Number of powers (-)

Nqd : Number of flow rates (-)

n: * Number of rotor blades (-)

D : Diameter of rotor (m)

b : Thickness of rotor blade tip (m)

§ : Gap between rotor and stator {(m)

ns : Number of stator holes (-)

d : Diameter of stator hole (m)

1 : Thickness of stator (m)

N : Number of rotations (I/s)

tm : Mixing time (s)

V : Flow rate (m3)

K, : Configuration dependent term (m?2)

Ks Configuration dependent term in stator (m2)

K. : Configuration dependent term for the entire mixer

3. A method for manufacturing the foods, pharmaceutical medicines
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4. Foods, pharmaceutical medicines or chem cal products manufactured
by subjecting a fluid or liquid being processed to the

emul sification, disperion, particle size breakup, m xing or any ot her
simlar process using the mxer of the rotor-stator type, wherein the
f oods, opheremsiceliprodhciely ciubdectong chéwiid air hgoulbesmnmpeoramseflaot thed
by using the Equation 1 given below to estimte the m xer's running
tinme as@elsefieataons iHgreraen dinarbicde ssiBpt Areelup ormixass 0§ gngr other

| i qui d being processed during the mxer's running time for the fluid
or 11 qaPRIIBE REPGSES e S rehen JaKih | Gl PR g SE s SFA QR 5 [ heeinplihg
processed.tqg th mulsification, dispersion, particle size breakup,

m Xi ngl%gthé’ﬁylnéﬁﬂg?s gﬁ?ﬁsi:eé}s ?) ‘ocess using the mxer of the
rotor-stator - cFa= L EX- e 21142 ) M) = - N,
of f2). nrifi Bé%/"?ﬁa?E?Dt%bthaPé%} %ﬁv‘{\‘l?g]bfléﬁ’diyie%“(‘%l@%e +hfé‘5)afﬁ’% 8
=KN. - run‘%‘iiﬁg Hmedd tR8 (Es81ttn KbpNihmddeds ¢ be otdingd ot the fluid

Equati on
or liquid being processed during the mixer’s running time; and

manufacturing the foods, pharmaceutical medicines or chemical

products:

E,=E&,t&
N at 2.2 53 4
=[(Np “quﬂz)qrr D? Db + a°n,d (d+4€) (N4,
§D+5)) 4N, |n, -d* +46(D +5)| v

=[(N,,~qun2)-n,].[os(,<g+KS)]_[N‘;:,,,]

Nt
= e’ V Y . = LI . Equation 1

In the Equation 1,

¢ 2 - Total energy dissipation rate (m2/s3%)

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

N; : Number of powers (-)

Ngqd : Number of flow rates (-}

ny * Number of rotor blades (-)

D : Diameter of rotor (m)

b : Thickness of rotor blade tip (m)

§ : Gap between rotor and stator (m)

ns : Number of stator holes (-)
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In the Equation 1, E a Total energy dissipation rate (n2/s3) E g
Local shear stress in the gap between the rotor and stator (n2/s3) E
s Local energy dissipation rate in the stator (n2/s3) Np : Nunber of
powers (-) Ngd : Nunber of flow rates (-) nr : Nunber of rotor bl ades
0 D : O abtawmeter of stador hefe km) Thi ckness of rotor blade tip (n) 6 :
Gap between rotor and statqr (m ns : Nunber of stator holes (-) d:
Di anet ér q&flckﬂaﬁ%PfﬁFﬂtér?ﬁ;i 1: Thickness of stator (n) : Nunber of

Cont i 9O SNV BRDEESEAEEHROREH o) ks Conf i gur at i on dependent term in
st at or tgﬁ%i}ﬁ%g:tir%oenfsj)guratiOn dependent termfor the entire m xer
V : Flow rate (m3)
K, : Configuration dependent term (m2)
Ks Configuration dependent term in stator (m2)
K. : Configuration dependent term for the entire mixer
4. Foods, pharmaceutical medicines or chemical products
manufactured by subjecting a fluid or liquid being processed to the
emulsification, disperion, particle size breakup, mixing or any other similar
process using the mixer of the rotor-stator type, wherein the foods,
pharmaceutical medicines or chemical products are manufactured by using
the Equation 1 given below to estimate the mixer’s running time and the
resulting drop diameters obtained for the fluid or liquid being processed
during the mixer’s running time for the fluid or liquid being processed and
by subjecting the fluid or liquid being processed to the emulsification,
dispersion, particle size breakup, mixing or any other similar process using

the mixer of the rotor-stator type:

E,=8&, +&,
.n? 2.2 4 4

v, - v, Ds( Db ), _winlldraq) (N,
S(D+8)) 4N, |n,-d* +45(D +5)] v

=|(v, - 72*)n, ) Dk, +KS)].(N4 "y ]

y

B Nt
=K,- * e+ =+ « » + o« Equationl

In the Equation 1,
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¢ a - Total energy dissipation rate (m2/s3)

¢ . - Local shear stress in the gap between the rotor and stator (m2/s?)
¢ s : Local energy dissipation rate in the stator (m2/s3)
N, : Number of powers (-)

Nqd : Number of flow rates (-)

ny : Number of rotor blades (-)

D : Diameter of rotor (m)

b : Thickness of rotor blade tip (m)

§ : Gap between rotor and stator (m)

ns : Number of stator holes (-)

d : Diameter of stator hole (m)

I : Thickness of stator (m)

N : Number of rotations (I/s)

tm : Mixing time (s)

V : Flow rate (m3)

K¢ : Configuration dependent term (m2)

Ks Configuration dependent term in stator (m2)

K. : Configuration dependent term for the entire mixer
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