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

m xer of the so-ca}ligde ALkl DevicéPd M PLAGEHEER 2 Stator
having a plurality of openings or holes and a rotor that is disposed

on the inner side of TE&enstadoMahddspad Seahy Up PRIthbaul ar gap away
fromthe stator. Background [0002] As shown in Fig. 1, it is
general that the m xer of the so-called rotor-stator type generally
conprises a mxer unit 4 that includes a stator 2 having a plurality
of openings (holes) 1 and a rotBACKG@ROAONED on the inner side of the
stator 2 and spaced by a particular gap 8 fromthe stator 2. Such

m xer diechnicaldfighd st at or type is provided for subjecting a fluid

bei ng pr ed, to the epul sification, dispersion, particle size
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cl assediggrording to the type of the circulation node for the fluid
being processed, that is, one being the externally circul ated m xer
n whi Bu ofithdi d 1iquid being processed may be circulated in the
direction indicated by the arrow 5a in Fig. 2, and the other being

t he i nt éPAARI yAsishommtindFid. xbr iti 18 whietalathdtgthel msiergohtloe essedlathy
be circulated in the direction indicated by the arrow 5b in Fig. 2.
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fields'in the pharmaceutical medicihes, nutrition supplenment foods,
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manufactured. It is also disclosed that the nethod di scl osed enabl es
t he scalbsesspuofaynicd pend tioedén el neddorhodtdefef fapilentweesi thd etatod 3
easy manner. [0005] In addition, for those %ast years, several

i ndi cegotathngritdsphhenes dseard topdrteddstasor AeThes miremicvsed formtikiore
met hod for the m xers having the different configurations. [0006]
Not onl%y PERPaK&gy ther fhpid ﬁbeemgt grrosesfeds ePfe s deswidperamgbyeol
but also for all other. type mxers, it is reported that, when the
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specifically. [0007] The publications 3 to report several study
cases tthatesRynhHyagipthlede omeeshih nehiohdviaé Mhideliqand Bdinshpedrebiial
results obtained by the respective experinents have been organi zed

i nt o theay dleutiaculadedsn the thestost udicaiasesy (Rubdiroat bana Big &,&nd
however, it is considered that the mxer's particle size breakup
functi éhei sthonl penfd dbeethtbynaly gapulsdedemmxehenr vthoch ardiqwidabemg

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



[0011] The follow ng publications, which are not related to the
patent application, are cited herein for reference: (1) David, J. T.;
"Drop Sizes of Emulsions Related to Turbul ent Energy Dissipation

Rat es” pighgm Eng. Sci., 40, 839-842 (1985) and David J. T.; "A
Physical "Interpretation of Drop Sizes in Honogenizers; (2) Agitated
Tanks, [reoodlilngFdhettHd spaksionodf thd seanss- Bats , tyghemmEng. dfferent
42, 1671-1676 (1987); (3) Cal abrese, R V., M K Francis, V. P.
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| NVENTI ON  10012] In the patent application cited above, the

superi ¢hitscalpens oiumehios) tofbe merfami¢d unathei officientd simpleakué easge
of the design on which the m xer is based are disclosed, but the

t heor ef?28P°%Hr ounds on whi ch the val ue range of the high-performance
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t he peq:flgrmggnf(%ﬁﬂrgﬁfmoggt hod for the m xers having the different
n

configurations. nost cases, however, those indices can only be
appl i ed[boosheNbHdnW dorkhBiniBies b godorestadde tFHo b BHREIRA: abdve
the actual cases, however, they cannot be applied to the m xers of

t he vabuaudss YpeallhethiengybbanthdibeiteRtrepontd Qtiiat, ivehen thek QAN -Wguid
not ed above, there are alnost no study cases in which the performance
est i matdispersetihogeaationhm peatieulsy metirsd fhorexannsle, theedoptidheter
rotor-stator type have been defined. There are also no study cases in
whi ch sheseambdendigeussad e teppt ioddhe gnabsitridecismalinesreor aréaimessy pbs
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that can be used to estimate the drop dianeters that would b

obt ai neghpbieduti Bgck Hadividged sanle gediinesh{dcthalreputdusitatmed by the
installation) for the m xers of the various types and permtting such
| ar ge- sespectieyexpsripetarhader hewn orgarpaed ictd tre tabmelapdoinnd, Imthose
there is no estinpation nmethod that can be used to estimate the

par t i cbady ¢reps dPuhlicationsit to fbchemevery it he cpasidecad dhat whai méxai’sre

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



desi gn (devel opnent and fabrication) nethod for the m xers were
actually perfornmed on the trial and error basis by using the actually
used processing liquids. 10017 It is, therefore, objects of the

Pr esent, janyetbt Ad By REBVSIiAgE AN RS LNE sBROUTRY 4 oCiih RGO
nmet hod that 1s established so fghat it can be applie o the m xers of
the vathgtss Hyes tavi RechEfeashPtsp £ ankb g @é%&ﬁ@dt hat are |ikely
to be affected nostly by the gap in particul ar between the rotor and
stator §O008E Paveand sofidy hasyamirouspoytes (Pavliagtibhe Tdafhifled)enh which
circulation systens; to provide the design nethod that is established
by t akithg padialesniehredmd miedsaipno fes thagnixems)f ther raoctstatoretype
into consideration; and to provide_the manufacturing nethod (particle
si ze breaskeqneBerrshand Hliscusseds faghiosaadihlsabonsstandod, itdastgeestachg

t he foods har maceuti cal .nmedi ci ne nd the |ike by using the above
Goscr | Bbat 5BF POCRER SRR HARTAGAS AELRDA BRI N ST Wik pIRErI Y tookpeiha n
a first aspect.of .the invention as defined.in.Claiml, it.js
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t he st 8 . 1 . .
wher of AP ubeE PG RERTe R BAEL DBl P I PR BBt e fuid
emul si fheedd pPhee@bff Uusi on, particle size breakup, mxing or any other
imlar process, the Equation 1 belowis calculated so that a
par ti cufanod] dordhaneats-upanethed foikck bekagopiloc essedthyoirt iy et here
can be obtained during a particular mxer running tine, and the m xer
i s thusrdeseyned bgpessi (Bubhcatitee Bhrin cwhinh ribeerfiralnmirng  tiame esed
the drop dianeters thus obtained for the fluid being processed. P Q
11. 1. ={magimuny s§pdile Nbramdliameie s 8an) ket obtninpd 4during the long-time
n( V)mixer running period. This, however, is not practical in the actual

production sites and is of no utility. Specifically, there are no reports
regarding the study cases in which the processing (agitation and mixing)
time of the mixer is the object for consideration, and those study cases are
not useful enough to estimate the drop diameters that can be obtained
during the particular mixer running period. Although it is reported that the

drop diameters may be estimated by considering the mixer processing time,

P

yet only the phenomenon (factual action) that is based on the actual
measured values (experimental values) is reported. There are no study
cases in which such phenomenon is analyzed theoretically.

[0010] The following publication, which is the document related to the
patent application, is cited herein for reference:

Japanese Patent Application No. 2005—506174

[0011] The following publications, which are not related to the patent
application, are cited herein for reference:

(1) David, J. T.; “Drop Sizes of Emulsions Related to Turbulent Energy



the Equation 1 [0019] In the Equation 1, H. I Honobgeni zation

| ndex
Power
be| ng

HoI es
St at or

-

[m2/ s3] p Concentration [kg/nm81 v h Volune of the Gap [insi
Consunmption [W Q Flow Rate [nB/si : Mxing Tine [s] Fluid

B@ﬁ a8R% Rﬁ@és”NcH\&ﬁb%gofscE’ow %3%4%1!9%%&& O4vidl pwrRataes
of Stator [m Dianeter of Hole of Stator [m Nunber of

th Ei@tlqm&iplbtaﬁbﬁl@f@ﬁop&ﬁs@hpﬂohmgen@@sbet ween Rotor and

[rr] Nunmber of Rotations [I/si
(2) Agitated Tanks, Including the Dispersion of Viscous Qils”, 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

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

and configurations of the high performance mixer are not described



C. Configuration Dependent Termfor Gap [n-13] [0020] In a second
aspect of the invention as defined in Claim2, the mxer as defined
in CQaiml, it is characterized by the fact that the stator and the
rotor gpecidich@yged in such a manner that they can be noving closer to
and or noving farther away from each other in the direction in which
t he rot pp913FHafmagfbd heprotiateéXremdshe abR@21ddgeriptidn ntlassfacthade
the invention as defined in daim3, the m xer as defined in daiml
or C abasRyedts,issvetmriactiers @bdohipst hevé deentieabrtdieasnihepeifichaes a
plurality of stators each having a different circunferential dianeter
and a eetioratdps pustdor thei misersshasing thachifffrenhecopifigweitiopsefln

d db i cul f f.th :
[ 0022] MGPicoa i (1PveR{sgc LRBFe GRALievRt | BH aee R A 1 el Srhval e
' . defined i Cains.1 tq.3, it i terized by th
fact t REECERGTR dheraepr bbb wations [nhs icaatitasssr hevglps they
bet t he, stat t i ol i i
of t ho capar e SRbReRIR G OREE o SUATRRY (A BT A dfjroFasy

[ 0023] 3. f.] f: aspect of the invention as defined in Claimb5, the
m xer gésjﬂf&ghi%{eléﬂlsn any Claims 1 to 4, it is characterized by the
fact thahothp A9testcdagbavd] thadd taye Odlndeitt abi BELd} 2€88s axt @dtRothe
radially fromthe center of rotation. [0024] In a sixth aspect of
the i nE@derﬁﬂar@(ie egimaeibn meChad Mkl thd séde chiphaaghedifaedhbye idigefact
that the nethod for estimating the performance of the m xer of the
-0t or - shatwwtot-gpetocoiypiei hang teem definadi Thcratalenelaodes dudyatames in
having a plurality of openings (holes) and a rotor disposed on the

i nner svhighothasee nsatdods eaml epaveliedyta ther mizaranigde aaaipds typethe
stator _is provided, wherein the nethod for estimating the perforngnce
of t he h#vieg thﬁcilgf@é%n& senfaguvations, and e dada payihq w@t%ebwﬁg%y
determ ne the honpgeni zation index: H. I, neasuring the respective

S zes GRS B FURORCRAR Cich B C o iR BP. PEG D BeASiAes BRP b nd
rates during.the. myxer running time period which are included in the
Equat i Sﬁmfl geg\?\/%vrgalt%d estimating the magni tude (smal |l ness or

gr eat neg 9?19] FbPeny ?%Pﬁ%ﬂﬁn&%tﬁﬁﬁﬁo%%@%@@ 24eReRdi-ng LEtRbE Pod fife

gap, which are specific to each of the mxers of the different types.

H . = Phixe®h o@‘the\{‘o%(?l"(afatlblﬂ@&@@ accoMigle @ fhie phiod (¢ htostndlsed, fhd
-ChiNd tin) the Equation 1

final drop diameters (maximum stable drop diameters) were obtained by

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

R

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

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



10025] In the Equation 1, H |1 : Honogenization Index [nm2/s31 p
Concentration [kg/ n81 v h: Volune of the Gap [ns] Ph: Power
Consunmption [W Q: Flow Rate ins/si tin :Mxing Time [s] V: Fluid
bei ng Ia:e@rggﬂ ﬂﬁﬂneﬁi@ and\fabgicatibnPovettod fdr e miNdebeseref adthely
Rates [-] Hei ght of Stator [in] d : D aneter of Hole of Stator
[in] ngerfddwdbondheHoidsand eftatioasiEbylusihli thliermsaadly Sieal pI‘OC[eISBJ]ng
Gap between Rotor and Stator [m N : Nunber of Rotations [1/sl C
Conflg&mndan Dependent Term for Gap [rrB] 10026] In a seventh aspect
of the ;nven on as defiped in daim?7 is characterized by the

fact th&00d7delhda, therefosei ngieqss opt ghal ph@eea&mm%twm ICBPV%UH%

havi ng CHTEERET P BT BpEARG ESLHYA el eidiod Thatoh GPaRkcket of thAbit
| nner SI debe applied to the mixers of the various types having the various
configurations that are likely to be affected mostly by the gap in particular
between the rotor and stator or the mixers of the various types having the

different circulation systems; to provide the design method that is

established by taking the running conditions (processing time) for such

P

mixers into consideration; and to provide the manufacturing method
(particle size breakup method) that is established to be used for
manufacturing the foods, pharmaceutical medicines and the like by using
the above described performance estimation method and design method.
[0018] In a first aspect of the invention as defined in Claim 1, it is
characterized by the fact that the mixer of the rotor-stator type comprises a
mixer unit that includes a stator having a plurality of openings (holes) and
a rotor that is disposed on the inner side of the stator and spaced by a

particular gap away from the stator, wherein when a fluid being processed

AT
i H

by the mixer is subjected to the emulsification, diffusion, particle size
breakup, mixing or any other similar process, the Equation 1 below is
calculated so that a particular drop diameter for the fluid being processed
by the mixer can be obtained during a particular mixer running time, and
the mixer is thus designed by estimating the particular mixer running time

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



of the stator and spaced by a particular gap away fromthe stator is
provi ded, wherein the nethod includes the steps of: using the
Equation 1 below to cal cul ate the val ues of the honpbgeni zation i ndex:
H. I on the expes ntal m xer installation and/or on the pilot plant
m xer |nsUﬁVL@£¥%é21 and mat ching the values of the honpgenization

i ndex: H. 1. thé% Bbtained agai nst the values for the honpgenization
index: H 1. obtained on the actual mxer installation that is
specifically |nte ded for aling up or scaling down the m xer so
that the for rtN —wazlu‘éﬂgii'fa Xbnfarmwith the latter H 1. val ues.
PQHI.=-1t _nV|ntm ”naa a)+-nd|4sN4-Ch(t V the
Equation 1 MO+ i+ ation 1, H 1 : Honogeni zation |ndex
[m2/ s3] p Con ntration[‘légg v h : Volune of the Gap [nBi Ph:

Power Consunption [IV] Q: Flow Rate En3/sl

= C{ N; £ ) ----- the Equation 1
[0019] In the Equation 1,
H.I: Homogenization Index [m%/s]
. o - Concentration [kg/m3]
v h: Volume of the Gap [m?3]
Ph: Power Consumption [W]
Q : Flow Rate [m?3/s]
tm : Mixing Time [s]
V : Fluid being Processed [m3]
N, : Number of Powers [-]
Ngd : Number of Flow Rates [-]
h : Height of Stator [ml]
. d : Diameter of Hole of Stator [m]
ns : Number of Holes of Stator [-]
1 : Thickness of Stator [m]
o : Gap between Rotor and Stator [m]
N : Number of Rotations [1/s]
Cn : Configuration Dependent Term for Gap [m?]
[0020] In a second aspect of the invention as defined in Claim 2, the mixer
as defined in Claim 1, it is characterized by the fact that the stator and the
rotor are arranged in such a manner that they can be moving closer to and

or moving farther away from each other in the direction in which the rotary



tm: Mxing Time [s] V: Fluid being Processed [mM Np : Nunber of
Powers [-] No : Nunber of Flow Rates [-] h : Height of Stator [m d :
Dianeter of Hole of Stator [nil Nunber of Holes of Stator [-1 1

Thi ckngigfiodf Haateor[axitbn@s. Gap bet ween Rotor and Stator [n] N Nunber
of Rotations [Vs] C. Configuration Dependent Termfor Gap [m [0028]
In an e{Q02h] Bspehirdhspde dintienhiventian aedéfimead im CThanrd,8heithides as
characterized by the fact that foods, pharmaceutical nedicines or
cheni cdkefimeddimcCiaian d ombildian 2unets blyalsmit,eel(zedﬁgf the fqtuibd thdiengixer
processed to the enulsification, dispersion, particle size breakup,

nmi xi ngieelugey ot pbwralitye 0§r%t@é@3ss t%&g SEVERE %ydxfiqwgttwecmemwa
the rotor-stator type conpri si m xer unit that i s the

st at or §1a@ehehaRdng ToheT FISHOSE t dBélﬁF igde ef fagy) o Q ﬁ gyt

di h i d h f
part ?i%g%ﬁ‘?o”aéaaledaéﬁ%e%dr Brrcndiri Gias @%ps%\?{?lxﬁiat ¥ Sﬁliﬁ?ﬂﬂeeﬁgg%%gb%’% the
phar n’ac?beg EeIn;TF %gi@ei n%éct%@%%%ﬂkreﬁﬁ%g%st &e Qﬂfa?ﬁt&'rﬁg QlXXel

subj ecti'ng processed he enu cat i on,

di sper sjg [bfngcfd)g%glh?a@}égn 2T 661G iP5 BRYr AtBEI ] Héﬁtﬁ?é P&%sﬁlal%yth‘ésﬂﬁﬂi

the Equation 1 | ow and estinmating the m xer Ing time and the
dr op drb@mi@g %E&és@%ﬂ 1§-'iﬁt1tdilli§ceatih€<b sl gaprbéw;ereﬂetﬁé ARkoFUANH R e trofBy

N qd( 1?1 r-71:2 NGi d87' 14 71" hS(8+d)+-n dlV 4 s
t he qudlaépmdlon the inner side of each of the stators and spaced by the gap away
‘. from each of the stators.

[0023] In a fifth aspect of the invention as defined in Claim 5, the mixer as
defined in any Claims 1 to 4, it is characterized by the fact that the rotor
has a plurality of agitating blades extending radially from the center of
rotation.

[0024] In a sixth aspect of the invention as defined in Claim 6, it is
characterized by the fact that the method for estimating the performance of
the mixer of the rotor-stator type comprising a mixer unit that includes a

stator having a plurality of openings (holes) and a rotor disposed on the

inner side of the stator and spaced by a particular gap away from the stator

-

1s provided, wherein the method for estimating the performance of the
mixer includes the steps of: using the Equation 1 below to determine the
homogenization index: H.I, measuring the respective sizes of the rotor and
stator and the power requirements and flow rates during the mixer running
time period which are included in the Equation 1 below, and estimating the
magnitude (smallness or greatness) of the values of the configuration
depending term in the gap, which are specific to each of the mixers of the

different types.



[0029] In the Equation 1 H. I Honogenization Index [n2/s3] p
Concentration [kg/ nBi v h : Volunme of the Gap [ne] Ph: Power
Consunmption [W Q: Flow Rate bn3/s] tm: Mxing Tinme [s] : Fluid
bei ng Processed, [AB1 Np : Nunber of Powers [-] No : Nunber of Flow
Rates [-] Hil:=Héight of Stator [n] d : Diameter of Hole of Stator [nj
ns : Nunber of PHotes of Stator [-] 1. Thickness of Stator [n] : Gap
between Rotor and Stator [m : Nunber of Rotations [1/s]

Confi guration{Dependent Termfor Gap [nb] [0030] In a ninth aspect
of the inventiloN,A¥,defi-nédl®n W‘ait"r,ng& it is characterized by the

fact that thé& uf actgring foods, pharnaceuti cal
medi ci nes or ¢lehi-¢af +g) odwe s Ny subj ecting the fluid being
processed to tthe enul sifi éat | , dispersion, particle size breakup,

m xing or any other |ike process that occurs by using the m xer of
the rotor-stato y conprising the mxer unit that includes the
stator havi n@@,fﬁt_dhﬁu al.l-t phePhqARAGRANYS (hol es) and the rotor

di sposed inside\tHé stator and spaced by the particular gap away from
the stator, wherein the nethod includes the steps of: using the
Equation 1 below, estimating the m xer running tine and the drop

br eakup [dDasgt BI shé Mégma@bi@iined by the cal culating step during the
m xer running time, and manufacturing the foods, pharnmaceuti cal

medi ci nés.IoHehertafdatirroliudss [paseH upon the estimating step. pvh V
B P Concentsation kgl =~ O

v h: Volume of the Gap [m?]

P : Power Consumption [W]

Q : Flow Rate [m?/s]

tm : Mixing Time [s]

V : Fluid being Processed [m?]

N, : Number of Powers [-]

Ngd : Number of Flow Rates [-]

h : Height of Stator [m]

d : Diameter of Hole of Stator [m]

‘W\\

ns : Number of Holes of Stator []
I : Thickness of Stator [m]
o : Gap between Rotor and Stator [m]
N : Number of Rotations [1/s]
Cn : Configuration Dependent Term for Gap [m?3]
[0026] In a seventh aspect of the invention as defined in Claim 7, it is
characterized by the fact that a method for scaling-up or scaling down the
mixer of the rotor-stator type comprising a mixer unit that includes a stator

having a plurality of openings (holes) and a rotor disposed on the inner side

-9.



"4 3/ Nt \ vi N .t =Ch( V the Equation 1 [0031] In the
Equation 1, H | : Honogenization Index [n2/s3] p : Concentration
[ kg/ nB] v h: Vol ume of the Gap [nms] Ph: Power Consunption [W Q

R
provided, wherein the method includes the steps of: using the Equation 1
below to calculate the values of the homogenization index: H.I on the
experimental mixer installation and/or on the pilot plant mixer installation,
and matching the values of the homogenization index: H.I. thus obtained
against the values for the homogenization index: H.I. obtained on the actual

mixer installation that is specifically intended for scaling up or scaling

down the mixer so that the former H.I. values can conform with the latter

H.I. values.
( H.].=~}-)—’E~—Q—rm
vV

i

N, (N, -z N, [N“.tm)
%

x.k-5(5+d)+’-:-n,dz

AR .
=0 —— e the Equation 1

[0027] In the Equation 1,
H.I : Homogenization Index [m?/s3]
o : Concentration [kg/m3]

v h: Volume of the Gap [m?]

!/«’m\l

Ph: Power Consumption [W]
Q : Flow Rate [m%/s]

tm: Mixing Time [s]

V : Fluid being Processed [m3]
N, : Number of Powers [-]

Ny : Number of Flow Rates [-]
h : Height of Stator [m]

d : Diameter of Hole of Stator [m]

.10-



. Height of Stator [in] d : D aneter of Hole of Stator [m ns :
Nunber of Holes of Stator [-] 1 Thickness of Stator [n] cr : Gap

between Rotor and Stator [m : Nunber of Rotations [1/s1
Conf i gut atNwimbbepétiset ofStacdof-1Gap [ms] [ 0032 1 In the present
invention, the index that is called the honogenization index : H I is

uti | i zéd Thitlkenésrob@titoatlodn i ndex that may be applied to each of the
m xers of the various types having thf different configurations and
ci rcul at i oFapyutereen Ratorazed Stateebm r om each of the manufacturers
can be_cal cul at ed separat el i fromthe geonetrical sizes, running
pover s Nan&umnger phfedatinas [Afsd specific to the rotor and stator. The
honogen| zat,i op i ndex be, expressed separating the values of the
config aﬁ%%}a@b%ﬂa’éﬁgﬂ@drﬁlﬁr%‘?ﬁl?ﬁ@ %%@geﬁof the running condition
depende th eof , which,t I i fd .0 th .fog ea
ooy ahap28] T, 88 Ty TR e, d SPER AL flehfehith ORI, BAR
T oxer | . p . . . : _
For - exnafattel Ry th ek B L S P Shebitrl
si ze bpeghiprd ARNah B R HydeulRTBNESS fAfidIhERENESSIes8Ed tBethe
val ues for the configuration dépendent termas nmeasured in the m xer
gap capnbglsiB&ttion,| 80peksidhe paaiile ished birdakhp MhiX&ing $rtonpethealltct:
up or scaled down, the neasured val ues of the honobgenization index:
H 1., asocausptlext wedurstlize weahgiehe ahitdreok olnd irgtorastiadnr dgpendenpriciergn
gnd runni ng condition dependent termthat are specific to the m xer
ap mayhbemixed, waitdthathnichdias dhal stritees ernh Bedagi ghedplsyrality of
mat chi ng the values, of H |. against the respective val ues, of the
above PEPRENSD (holee) tamdl the mgtor disposadioncahe daresrsHini eheasl alather

term val ues. . 0035] Based,upon the discoveries. described. above,, the
i xor | CHBOTE v GRECh e IGROP R PERIAL] S8R SRa LR Ba T The Statord
enmul si fi.cati.onef ficiencihes than of the prior . art. myXers;.c e
dovel ogbir et HEt BRLS REARRA RN R Bedh IR b R LRGP, oFe
and ex j . ; ] i I fd: .
and SXREEHENAH L b, HARORLLNELRI BSSA plUSELL O EREELIL AEM
terms Qfispdigivd! Hesp WrehRapCanfdiayr 6+ i2fy dERSNGLRI pkesdBs(bRCINARY tHe
the m xer gap, and can be applied to the perfornmance estimation

met hod Hqiateas hl ivedbwi dudl egtixeiting nther gaket audgringetiihe aral wks doup
t he honogeni zation index: H 1., the present invention proposes the
equat i chiatedersathanwsrd teuy abtenedneingttheovereadripyniangytiofe.t he pri or
art (conventional) mxers to be established in ternms of the val ues
for - the confpggration depending terns (factors) in the m xer gap
t hat may HéfdbEgﬁyéd by using the above proposed equation. According
to the present”imvention, the value range that cannot be cal cul at ed
easily by usi the prior art jndex (theory) or is difficult to be

obtai ned unlegs,jt,js neasusgd|acjuakly can be established. [ 0037 ]
According to_t héfq«&éfvnﬁdﬁ %jﬁa JdYads Jri ng the foods, pharnaceuti cal

medi ci nes or em oduct s \byVsubj ecting the fluid being
processed to t%’wéaﬁf%é%i*@’fsfjg . dispersion, particle size breakup or

m xi ng process that occurs by using the m xer of the rotor-stator
type, the particular mxer running time and the drop dianeters thus
obt ai ned durin mhefmp rticular running time for the fluid being
processed carf t-edthy/Eqahtiohat i ng t he honopgeni zation i ndex
usi ng the Equat fon prioposed by the present invention, and the foods,
phar maceuti cal nedicines or chem cal products having the desired drop
di ameters can thus be manufactured. BRI EF DESCRI PTI ON OF DRAW NGS
[0038] [P0g9]1In she Esmrasieretli ve view illustrating a mxer unit that
is incl QIIe_d in the m xer _of tﬂezz?og-called rotor-stator type; Fig. 2
i |1 ust FadesHpmogenietion Index 8?6 st at or type that runs in the

o : Concentration [kg/m3]

-11-



Fig. 3 illustrates the node in which the particle size breakup trend
for the drop dianmeters can be investigated; Fig. 4 illustrates the
node in which the experinental results on the m xer of the

r ot or - st ahar Vblipaetdfaher@ap [in3] t he external circul ati on node (the
externally circulated m xer) can be used to estimte the perfornmance
of the B ®&rwaf Coneungitéon §%dt or type that runs in the internal
circulation node (the internally circul ated m xer);. Fig. 5

i |1 ust rat ddownRatee[méisbnshi p (particle size breakup trend) between

t he pr oceﬁj ng (mxi Fsg) time under the particular running condition
pr esentted MI¥ITg B3l or the nixers A-1 and A-2 in Table 2 and the
resul ti gFgro bdj arrEt_ers; : Fi3g. 6 illustrates the relationship
(particl e st b h‘bcetgﬁ‘éﬁ%(ﬁ? etween the honogeni zation index: H 1.
and th dr&o di&a[re%g,rs whﬁg the rotating speed of the rotor for the
mi xer AR i rabY 8 2°7S 8hanged. Fig. 7 illustrates the

rel ati agshi 0 and) between the honpgeni zati on i ndex:
H 1. aﬁqut hlgagl{e%l}l |%%§%ge%il[gneter when the rotating speed of the

rotor for Heheh{hXStstoA-[jand A-2 in Table 2 is changed; Fig. 8
illustrates relationship (particle size breakup trend) between the
honogeri zBia@RtéNEEKoldof Stafsd fhe resulting drop di aneter when the
rotating speed of the rotor for the mxers A-2 and Bin Table 2 is
changedis :FNgmb@ridfl Hslesatfedtatthe [1lel ati onship (particle size breakup
éc’j’rend) bet ween t he honogeni zation index: H 1. and the resulting drop
i anet ér WMiehnedeof Statarngnkpeed of the rotor for the mxers A1, A2

and B in Table 2 is changed; . Fig. é"g is a perspective view
i |1 ust rat | g Pobrt vesearprEooang itate bnlt hat is included in the mxer
r_

of the,to tatqgr, type a rrding to the present invention. Fi g.
11 is &\i'ﬁ‘b@%&@d’?&}t}é%@ﬁ ZS]V: e\g/]v illust rgti ng onia \éxarr;JI e of tlhg
mul ti - d_enul sj.fi gation, nechani at (i.sy enpl oyed in the m xer
of t he Wor gpn Byt SRRGRATR IR G Bh8Lent Tavention: - g, 12
I Tustrapggol g, 4 Legin | J.R6 'oé'{‘t;}%é’?%@% iBAt a4 USTR LRI S 11 38T

of the rotor-stator type accor e present invention, in which

(8) 1S chaphéRridedV BNGHD) falcf Bht dgheV 1 BWEhEDdforFifandfadth s M R08S,
the relationship (particle size breakup trend) between the

honoge pihzaii ooe utitd@xmddiciaed bhecHasidali pehdlicdseberswhiestihbethe fluid
nutrition regul ated foods that are avail able on the commercial narket
are nbeade tmgetbsyd by thsd rgnulséficatien, dispdsiomt pprstht eizd peakBREST
MODE OF EMBODYI NG THE I NVENTION [ 0039] In describing the present

i nvent ind¥k1pg| @vanvhethondgenipracssnthaeecurs by weing tbannbsededi e

by cal cul ati na% the Equation 1 %leﬁ en bel ow agd whi.ch is_proposed by
the pr &SEHTSTARQBAYPRFOPPILSEE the ey st Ehphmdugdes dbeistate hpging

L S BLESHARFLLS T U. 408 BETSRAT0e ro

N qd gpa§é«§ b+y Cﬁ{é' ﬂgrt(ijéular gap away from the stator, wherein the method
includes the steps of: using the Equation 1 below, estimating the mixer
running time and the drop breakup diameters thus obtained by the
calculating step during the mixer running time, and manufacturing the
foods, pharmaceutical medicines or chemical products based upon the

estimating step.
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[0040] In the Equation 1, H. | Honogenization |Index [n21s3] p :
Concentration [kg/n81 v h : Volume of the Gap [ns] Ph: Power
Consunmption [W Q Flow Rate [nB/sl tm:Mxing Tinme [s] V: Fluid

bei ng Processeﬁ@[ ] Np : Nunber of Powers [-] No : Nunber of Flow
Rates [-1| Fhi.=Heighi of Stator [m d : Dianeter of Hole of Stator [m
ns : Nunber of es of Stator [-] 1: Thickness of Stator [in] a Gap
between Rotor and Stator [m N : Nunber of Rotations [1/s] Cl1:

Confi guration{Dependi ng Term fbor Gap [ nb] 0041 ] By using the
honogeni zat i on Npddx - .-qui?ﬁu ]\D‘oﬂ‘@%ned by cal cul ating the Equation
1, it is posSiblre To di SCYSS onmpare or estimte) the particle size
breakup effect A paddtte+simdl preakup trend) in the mixer of the
rotor-stator twype systemat‘q’l cally even though there may be any
differences in the m xer configuration, the stator configuration, the
m xer's running r_1pi tion (processing tine), the mxer's scale
(sizes) and u’(e(&ike, - [-004R] E4Ratibg 1Pr esent invention, the mxer's
performance can\ bé estimated by neasuring the magnitude (snmallness or
greatness) of the values for the configuration dependent term Ch [-]
in the gap. Those values are specific to each of the m xers of the
vari ous [bgpe}, Iratick %@xa@fbrpm ai ned by neasuring the conponents
included in the Equation 1 for deriving the honogenization index:

H 1., $idh Hsmblgenpowion iedes fedsil s and flow rates during the
funning tinme and the respective sizes of the rotor and stator.

[0043] @s: Concentyadtom tlegim3 he Equation 1 proposed by the present
invention to_allow the value for the honogenization index: H1. to be
derivedy hhevvwlﬁéolféhet(ﬁ%pim??i guration dependent term Ch El is
speci fi each of the.m s of the various types, and may vary
dependiFFﬁ’gtEPd’r’fV?]{'u OBéB%ﬂ%iﬁ{]t he rotor and stator 5 [n], the stator's

thi oknits Hatdhaviliner "o 1 ow rates No [-]. and the nunber of
power s mpMixing Time [s]

V : Fluid being Processed [m3]

N; : Number of Powers [-]

Ngd : Number of Flow Rates [-]

h : Height of Stator [m]

d : Diameter of Hole of Stator [m]

e

ns : Number of Holes of Stator [-]
1 : Thickness of Stator [m]
¢ : Gap between Rotor and Stator [m]
N : Number of Rotations [1/s]
Cn : Configuration Dependent Term for Gap [m?]
[ 0032 ] In the present invention, the index that is called the
homogenization index : H.I is utilized. The homogenization index that may
be applied to each of the mixers of the various types having the different

configurations and circulation systems that are offered from each of the
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[ 0044] Then, the performance of each of the m xers of the various
types can be estimated by conparing (estimating) the magnitude

(smal I ness or greatness) of the value for the configuration dependi ng
term Ghadufactirdizecgapbaihiadbulate @nseiratbly ¢asmOtient S onnelr it dsiiz8s,
the Equation 1 proposed by the present invention for deriving the

val ue franniig poerargenid Abworatiesddat dtelspecifi@®dShe Mot@e spdcithtwallhg,
by corrggri ng (estimating) one of the conponents included in the
Equat i dentogsmizhaidoprieskent niaw det poprdsseddey isepagating the valnes ofhide
honogeni zation index H, that is, the configuration depending term
Ch[-] wAnBEUratigpedeperdent dawm &ore neharivednes ¢ thee TyaIiBESCORPEOD
it is found.that the perfor ce, of each of the m xers of the variqus
types GARCBACBE(ioHY cBOHRCPY HUIRRGHEIPRS (B emSREETA XBr tiearfaPe Tobafed
(devel olggd.ﬁnd fabricated) accordingly. [0046] By matching the

val ues O P HEhBHEEENi zation i ndex: H. 1. obtained on the experimental
rotor-s i y I - b ;

st al |00 oa) R Bhe Bhrtolalce T 09 Rt biRePic hBiaRl by, the
obt ai ned1 98y he tRe! Hat dEetSlatifis tiakbat TN, | fhepded O wiial kRY MPxor
scaling down the m xer so that the fornmer H 1. values can conform

wi th t herfaiiSicdts dstivake@ by tHe portadls GizOUREh ElatrdE tHoxeh gtatudie
scal ed up or scaled dowmn. [0047] By calculating the values for the
honogelsmallinensiordaxathbds) afsheg dlbes Eqriahé eonfigpratioaatkimndemt term
present invention for deriving the honogeni zation index: H 1. when
-he foedsmessetedasn tae myixer grigetasy bdnisekls, etc.), pharmaceuti cal

medi ci nis gsych as the quasi-drugs) or chem cal products (such as the
cosmet i 69934 eWihemeadh divedurlemiBer 33 bp Setscaded MO ¢4 seadepeiangn, the

T i ng TBFRBHHP doF RIO b beahpRake et paas] T e s opBleCrags: the
t ' itel | . d.that, th d h tical "

R TR e D R A
Tunn netPrRatpb (CFRE R, A SRR ATTAERLRY EBla0d RBelifnll o

been deganshnal adxRY chig,eabadhERy ﬁfattzﬂﬁlﬁgf@@ oRtudNWEALT, Aot had thde
nutritive conponents (which correspond to the conponents such as the
fluid fregglectitdrerapauvslalf thd kihoreepaied doothhnkhesjorméciH lavalbeemn
manuf actured according to the present invention have the good taste

f eel i ngpnfhysivwidh thedpétdr esm gahldty and the |ike, and are al so -
excellent fromthe viewpoint of the hygienic care or workability.
Ther ef ol8036hBagedswon thevdiscoveriendaberibe dpbpun) thepaisgpthadroyides
manuf acilure_ of the foods or pharmaceuti c?l_ nmedi cil\Rr}g_s, nmr e

ar ti chhargher pargiele) st bnkwand emulsifsasonefégionsies fhanambpf,

The modhegHiot BEh HRFGH v Beriyelissid Bt IBRIgHed Ae (b suewRvRe R

is the mng;territﬁ]i[evg ﬁorﬁon%rals aenglm%ai rg products that contain the
hi ghl y "concen Pa?eaac%rﬁ)os?}fg on- “[tﬁ XQ] Change in the honbgeni zation

r.the high

i ndex: | hé’}ﬂﬂ: ] laq,[g%t
(parti c:ﬁgbggg ?@%&’Egs‘%‘?‘z#%‘%&%fw | qu?%bﬁ%p%s??&n@lﬁgﬁes a gﬂ;u ry
productydrfodh £REd efhigor t BRk bk %P@cﬂ‘fédﬁi@fj 13RSt dfMBfhleNGr 41065 AbOPthe
dianeters. This liquid that sinulates the dairy product contains the
m | k preohgighireoeetdésaidiog (VRCfabb)(inotlad nitikbk gapota@idndan beangsiéead
oil and water. Its conposition and ratio are given in Table 1. Table
1 ConpdsithieqrerRatmanot eStimd tade andfilopdi fhrfearchNnidiyFruad uoixerCompoder ton
M1k Product Concentrate (N PC)8.0% Rape Seed Q1 4.5% Wat er 87. 5%

derive the values for the homogenization index: H.I., the present invention
proposes the equation that allows the value range not covered by any of the

prior art (conventional) mixers to be established in terms of the values for
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Tot al . 100% Rati oProtei n/Water9. 1% Q | / Prot ei n56. 3% OR/ Wat er 5. 1%
Properti esDensityl1028 kg/ nB Viscosityl5 nPa.s [0050] The m xer
performance was estimated on the experinental basis by checking the

parti clkie Shoadidunasiounp dependidOtetrhe (Haprdi amehenbixoASgshahat imafile
3, the externally circulated unit was provided, and the drop

di anet ebsamerebyeasngethcombbhe progdbed vayuadion.hActédivindg fat thd prasemig
the laser diffraction-type particle size analyzer (SALD-2000 as

of f er ednpgniShnméhe Winef range ithgt Campanyhe calqudetdd emsilyhley prasenthe

i nvention, however, it is found that as far_as the internally

ci rcul REEY artcardedn (theorykar df difficyhderhregbtainedsunlossiit up heasigiessp
t he partjﬂcl Si zgéagre%:fgh't&rend for the drop dianeters when the

part i cPET&RLE capehgk st dfor the drop dianeters is reviewed on the

( . . ; \ ¢ on
Thect nt LG T P ePedttipka e BT JREURE oo, mar SR Tk At oot
) oo C e A : e reur .

moxer - pparafelifa DR Bs) DB IR BodReS pp SR AREP IS Mlutd'e
openi ng3ik NQJ188dscbdenfl thE & bR AEa MBLC Hiéﬁelgio%ﬂ%@cti&e dibe Hretaﬁgp%lde

of the stator 3 and spaced by the particular gap away from

st at or wixiag Hbewss thafbeurk byWein & hBepaitar sRtke rofort R tbNERp SNy
circulated m xer was then estimted. This was done by using the

resul t pachicalsethikyr eshnimyg tinge bhe et éroratiametarsuthatsad taixeat dupirder
the assunption that the internally circulated m xer conprised the
ame nitherpantiqulas runaiegtteémeafor ythei fluid deone preesssedi en bacstdeadtade
rotor and stator each having the sane dinension (size), configuration
and st byctdculatdng Hdechrarqesmizaidpn dudaredsimax bire dbawHaom nuerepgd by

[ 0052] ,Then, the.respective performances of the three different .
mi xer s "B CEBRPER .tl%ea%%éngfP% i TRRCY e Mediciaesar chemdral

used T or. hRgCRIPALY B 8liSe 8 8D dilmldBLS cfn th%S 1 HE M cB%ed.
BRIEF DESCRIPTION OF DRAWINGS

[0038]

Fig. 11is a perspective view illustrating a mixer unit that is included in the
mixer of the so-called rotor-stator type;

Fig. 2 illustrates the mixer of the rotor-stator type that runs in the

( external circulation mode (the externally circulated mixer) and the mixer of
) the rotor-stator type that runs in the internal circulation mode (the
internally circulated mixer),

Fig. 3 illustrates the mode in which the particle size breakup trend for the
drop diameters can be investigated;

Fig. 4 illustrates the mode in which the experimental results on the mixer
of the rotor-stator type that runs in the external circulation mode (the
externally circulated mixer) can be used to estimate the performance of the
mixer of the rotor-stator type that runs in the internal circulation mode (the

internally circulated mixer);.
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Fig. 5 illustrates the relationship (particle size breakup trend) between the
processing (mixing) time under the particular running condition presented
in Table 3 for the mixers A-1 and A-2 in Table 2 and the resulting drop
diameters;:

Fig. 6 illustrates the relationship (particle size breakup trend) between the
homogenization index: H.I. and the drop diameters when the rotating speed
of the rotor for the mixer A-2 in Table 2 is changed.

Fig. 7 illustrates the relationships (drop breakup trend) between the
homogenization index: H.I. and the resulting drop diameter when the
rotating speed of the rotor for the mixers A-1 and A-2 in Table 2 is changed:

Fig. 8 illustrates relationship (particle size breakup trend) between the
homogenization index: H.I. and the resulting drop diameter when the
rotating speed of the rotor for the mixers A-2 and B in Table 2 is changed;

Fig. 9 illustrates the relationship (particle size breakup trend) between the
homogenization index: H.I. and the resulting drop diameter when the
rotating speed of the rotor for the mixers A-1, A-2 and B in Table 2 is
changed;

Fig. 10 is a perspective view illustrating one example of the rotor that is
included in the mixer of the rotor-stator type according to the present
invention.

Fig. 11 is an exploded perspective view illustrating one example of the
multi-staged emulsification mechanism that is employed in the mixer of the
rotor-stator type according to the present invention;

Fig. 12 illustrates the direct injection system that is employed in the mixer
of the rotor-stator type according to the present invention, in which (a) is a
plan view and (b) is a side view; and

Fig. 13 illustrates the relationship (particle size breakup trend) between
the homogenization index: H.I. and the resulting diameter when the

nutrition regulated foods that are available on the commercial market are
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mixed together by using the mixer of the rotor-stator type.
BEST MODE OF EMBODYING THE INVENTION
[0039] In describing the present invention below, the homogenization
index: H.I. which can be derived by calculating the Equation 1 given below
and which 1s proposed by the present invention is used to discuss, compare
or estimate the particle size breakup effect (particle size breakup trend) in

the mixer of the rotor-stator type.

I-I.I.szf-’mQ

m_._tm

oV

| N, =7 N, [zw .r,,,]

ﬂ.h-5(5+d)+%n,dl 4

N*.t
C{ - ’"] ----- the Equation 1

[0040] In the Equation 1,
H.I: Homogenization Index [m2/s3]
p * Concentration [kg/m3]

v h: Volume of the Gap [m3]
Pp: Power Consumption [W]
Q : Flow Rate [m3/s]
tem : Mixing Time [s]
V : Fluid being Processed [m?]
N, : Number of Powers [-]
Nga : Number of Flow Rates [-]
h : Height of Stator [m]
d : Diameter of Hole of Stator [m]
ns | Number of Holes of Stator [-]
1 : Thickness of Stator [m]
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o : Gap between Rotor and Stator [m]
N : Number of Rotations [1/s]
Cn : Configuration Depending Term for Gap [m?3]

[0041] By using the homogenization index: H.I. thus obtained by
calculating the Equation 1, it is possible to discuss (compare or estimate)
the particle size breakup effect (particle size breakup trend) in the mixer of
the rotor-stator type systematically even though there may be any
differences in the mixer configuration, the stator configuration, the mixer’s
running condition (processing time), the mixer’s scale (sizes) and the like.

[0042] In the present invention, the mixer’s performance can be estimated
by measuring the magnitude (smallness or greatness) of the values for the
configuration dependent term: Ch [-] in the gap. Those values are specific to
each of the mixers of the various types, and can be obtained by measuring
the components included in the Equation 1 for deriving the homogenization
index: H.I., such as the power requirements and flow rates during the
running time and the respective sizes of the rotor and stator.

[0043] As it is clear from the Equation 1 proposed by the present invention
to allow the value for the homogenization index: H.I. to be derived, the
value for the configuration dependent term: Cp [-] is specific to each of the
mixers of the various types, and may vary depending on the gap between
the rotor and stator & [ml, the stator’s hole diameter d [m], the stator’s
number of holes nsl-], the stator’s thickness 1 [m], the number of flow rates
Nqa [-], and the number of powers Ny [-].

[0044] Then, the performance of each of the mixers of the various types can
be estimated by comparing (estimating) the magnitude (smallness or
greatness) of the value for the configuration depending term: Ch [-] in the
gap which is one of the components included in the Equation 1 proposed by

the present invention for deriving the value for the homogenization index:

H.I.
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[0045] More specifically, by comparing (estimating) one of the components
mcluded in the Equation 1 of the present invention for deriving the value
for the homogenization index H.I., that is, the configuration depending
term: Cul-] which is specific to each of the mixers of the various types, it is
found that the performance of each of the mixers of the various types can be
estimated and the high performance mixer can be designed {(developed and
fabricated) accordingly.

[0046] By matching the values of the homogenization index: H.I. obtained
on the experimental rotor-stator type mixer installation and/or on the pilot
plant installation against the values for the homogenization index: H.I.
obtained on the actual mixer installation intended for scaling up or scaling
down the mixer so that the former H.I. values can conform with the latter H.
I. values, it is also found that the mixer can be scaled up or scaled down.

[0047] By calculating the values for the homogenization index: H.I. using
the Equation 1 proposed by the present invention for deriving the
homogenization index: H.I. when the foods (such as dairy products, drinks,
etc.), pharmaceutical medicines (such as the quasi-drugs) or chemical
products (such as the cosmetics) are to be manufactured by subjecting the
fluid being processed to the emulsification, dispersion, particle size breakup,
mixing or any other process that occurs by using the rotor-stator type mixer,
it 1s also found that those foods, pharmaceutical medicines or chemical
products can be manufactured by estimating the mixer running time and
the drop diameters obtained during the mixer running time for the fluid
being processed.

[0048] As noted, it has been demonstrated by the embodiment of the
present invention that the nutritive components (which correspond to the
components such as the fluid foods, the powder milks prepared for babies)
which have been manufactured according to the present invention have the

good taste feeling, physical properties, quality and the like, and are also
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[ 0053]

In Table 2, the mixers A-1 and A-2 have the sane capacity of

1.5 liters and have the sane size although they are offered by the
sanme manufacturer [0054] In Table 2, it is shown that the gap vol une:
Vg cor eeseidaas fitoen tthe vieaipoei®t bhthd ¢ yganiG dareFdigwoitkability. Therefore,

N

the present invention should preferably be applied to the manufacture of
the foods or pharmaceutical medicines., more particularly it should be
applied to the foods. Much more preferably, it should be applied to the
nutritive components or dairy products. The most particularly preferred
application of the present invention is the nutritive components and dairy
products that contain the highly concentrated composition.

[0049] Change in the homogenization index: H.I. versus the resulting
change in the drop diameter (particle size breakup trend):

Aliquid that simulates a dairy product is prepared so that it can be used in
estimating the drop diameters. This liquid that simulates the dairy product
contains the milk protein concentration (MPC, TMP (total milk protein)),

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

Table 1 Composition Ratio of Siraulated Liquid for Milk Product

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

Water 87.6%

Total. 100%

Ratio Protein/Water 9.1%
Oil/Protein 56.3%

Oil/Water 5.1%

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

[0050] The mixer performance was estimated on the experimental basis by
checking the particle size breakup trend for the drop diameters. As shown
in Fig. 3, the externally circulated unit was provided, and the drop
diameters were measured on the middle way of the fluid path by using the
laser diffraction-type particle size analyzer (SALD-2000 as offered by

Shimazu Manufacturing Company).
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[ 0055] The nunber of agitating blades for each of the rotors 3 that
I's included in each of the mxers A-1 and A-2 (having the capacity of
1.5 liters) and B (having the capacity of 9 liters) is equal to four.
[ 0056] Thése)plr thentiekendnidizénting, dnevdvee, vaiddsuhahatere fobtai tlad

by cal cul ati ng the honopgeni zation index for those three different

m xer s lntederallyhoseuktpé nhimertial padndilbr aasoacermdeseid ddficn] fFabyeash

000 000 1.0 711 NC COr-1 1-1 GcONr-{ c-: 000 000 NCO

GO c- f the@ayticle size breakup trend for the drop diameters when the particle size
breakup trend for the drop diameters is reviewed on the experimental basis
and the mixer performance is then estimated. For the internally circulated
mixer and the externally circulated mixer, however, they are common in
that either of those mixers comprises the mixer unit 4 which includes the
stator 2 having the plurality of openings (holes) 1 and the stator which is
disposed on the inner side of the stator 3 and spaced by the particular gap
¢ away from the stator 2, as shown in Fig. 1. When the performance of the

h 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 comprised the same mixer
unit as the externally circulated mixer which included the rotor and stator
each having the same dimension (size), configuration and structure as the
externally circulated mixer as shown in Fig. 4.
[0052] Then, the respective performances of the three different mixers

were compared. The specifications of those mixers which were used for the

comparison are given in Table 2.

£
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[ 0057] From the val ues of the honogenization index obtained by
the Equation 1 and presented in Table 3,

it was estimated that the
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manufacturer

[0054] In Table 2, it is shown that the gap volume: V, corresponds to the
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10068] Furthernore, it was found that the drop dianmeter will be
changi ng, dependi ng upon the values for the honogenization index:
H 1. even though there are any differences in the mxer's scale
(size)Vohhnma@1ak§@aﬁoandnﬂh?;1the drop dianeter would be changing in
t he sane manner regardless of the difference in the m xer's scale.
[0069] (0068} Bee appabentoff agitatimg bhrdegofargedels cwfi fié antdivasd tHe is
m xer of the rotor-stator type can be scal ed up by matching the m xer
agai nstinelndedanumsh( of thesinisérs Ael hodolyeniteatingrihe rapacitl df. 1.pritposked
by the present invention so that the m xer can conformw th those
vaIuesandha(bﬁéﬁﬂ%yh%ﬁRPﬁ@ﬁfhﬁ5ﬂhﬁﬂé?@ﬁ@G§alﬁJﬁH@ runni ng condition
0070 For t.he

and co tion into acco rehensij vel

i xer whpEKEfic %8§pawrre%ta§ ﬁhfgg%@m Gle Y%@e&r@@én‘v FnoRiRingd by
al l ows the. m.xer e est |on scal.e perations

be. por PBITABIEE Thd g oRRB R DI s NGREARER UEP R B dEt oG
enul si 1,6 b%ﬁeﬁiﬁe‘%&%l cl}h&;ftﬁ‘&§§% 8{8%&%?%31%( ¥ According to the
present T hvéntion Citic Ttorns, Fhe theory that is
applicable to a wider range of mxers can be inplenmented and

devel oped on the basis of the perfornmance estimation method and

scal e-up net hod whi ch have been used. [0071] (Configuration and
Design of Hi gh Performance M xer) In the present invention, the
configuration of the high performance m xer can be defined by using
A'he values for the mxer's performance i ndex derived fromthe
%Equation 1 of the present invention as the index that nay be used to
estimate the mxer's performance, and then by using the val ues for
the estimation that results fromthe above as the reference
information. Then, the high performance m xer can be designed from
this definition. The general structure of the m xer that may thus be
designed is shown in Figs. 10 through 12. [0072] (Moving Stator)
When the m xer of the rotor-stator type is used to dissolve (mx) the
powdery material or liquid material, and to thereby manufacture the
emul sified products, it is possible that the mxer wll process the
powdery material while the air that has been introduced with the
powdery material into the mxer remains not to be separated fromthe
i ntroduced powdery material. If this situation occurs, the liquid
thus m xed nmay contain fine air bubbles produced by m xing the
powdery material. For those years, it has been known that if the
mxed liquid is emulsified with such fine air bubbles remaining in
the liquid, the particle breakup or emulsification performance
(effect) will becone worse, as conpared with the case in which the
mxed liquidis enulsified with no air bubbles renaining in the

I~ qui d. 10073] In order to prevent such fine air bubbles being
produced at the initial stage of dissolving the powdery material,
therefore, it is desirable that the m xer is equipped with a noving
stator mechanism In particular, when the powdery material that may
tend to produce the air bubbles nore easi8ly is processed so as to
manuf acture the emul sified products, it is nore desirable that the
m xer shoul d be equi pped with the noving stator nechanism By novi ng
the noving stator away fromthe rotor at the initial stage of

di ssolving the powdery material, the powlery nmaterial can be diffused
quickly into the liquid being m xed or prepared. This can be
performed w thout causing any high energy dissipation. It is
preferred that the dissolving, particle size breakup and enul sifying
steps for the powdery material should be perforned by noving the
stator closer to the rotor on the production node. [0074] (Miltistage
Honogeni zer (Mul ti stage Emul sifying Mechani sm As descri bed above,
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[ 0087] The m xer

unit 14 for the mxer of the rotor-stator type according to the

pr esent
whi ch i

11a,

i nvention includes the rotor
4 006 dt Faotedhasvahman of rihei demogpranetion . indesooblaimesh bt thee
stators 12, 22 is provided with a plurality of
| 1Banakenthandmyesented m {hdle)di Hrwas eshinkatedsthatoilie partly.
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round shape openi ngs
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breakup effect (particle size breakup performance) would become higher as
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of the agitating blades 13a through 13h and the inner peripheral wall
12a of the stator 12, and a gap is fornmed between the inner

peri pheral face 15b of the |ongitudinal groove 15 of each of the

agi t at khg éﬂF@ﬁ%hbeﬁlikbf ayathridweanghd hey ok efulBEl RITercdhtivak! fol24hof
the stator 12. [ 0093 ] As it is apparent for the mxer unit 14 in

t he m xeatonfistgreatat or-stator type that has been descri bed above, the
rotor is disposed on the inner side of each of the stators 12, 22
havi ng {6581 Fértkamisereint andndiZin Tableel cthearedatipaship (partide size
particul ar. gap amax from each of the_staég;s. [ 0094] When_the rotor
13 i s peeaken irendhdedmiessr tlon ropcessingr Gwioghyimguander the yorang

shaft 17 to.rotat bout its center. of rotation, the two-stage Jm xing
secti oﬁOFaEF‘ﬁéﬁ ﬁﬁﬁt qﬁsﬁhﬂﬁg P GRTYeEs éﬂth%ipéiﬁﬁ‘iﬂlﬁy‘%\/ﬂé‘r g'}g, gnd

t he m xi rtj.on J ocat ed ragdial l.y, out ward iS,created. This

i t1 5t LOBOTR g So GRS e i LR PiphabRAE SR Frselle frene
t he hi . 5] | [ ' ) X

por t1 o er8e5n it Bifoeeptitien dRgbRySR08 B b B3¢t DfvHel{ ne
peri ph I . : gigﬁg j ; :
agitat?%gr8$g9%§§?§%5?#%%ﬁg %Eb ané tHg@#%%g?aﬁg?%%ﬁgggﬁﬁ%grﬁ{%%gﬁ%f
the stabfdr fb2 tdROmPRIVRENIH MRblORerapehhRlBeqal wal | 15 of the

| ongi tudi nal groove 15 on each of the agitating blades 13a through
13h and[0be0dBEvethpetixphenal anal A-ARbTabld Petlst adlatiohZhig heartiole rize
§Ortion | ocated radially outwardly may be created between the wall

6a of hirheknpdiranidy lmitweend thadhahogactzadfort hedexi Fhii pgoedeby 1w

t hrough 13h and the inner peripheral wall 22a of the stator 22,
[ 0096] PrAsemelniondionpndHdepressding dippndiagnetesadh the qase istahobsthio

Che' T oEBRed Pt XCE R Be b Phot Hho! PG ERD §° BRESTNIEH ipf T
I che SOPBATTER: G mieaE 158 BER, 1 BRAIE 305 Kl Plont Rk Moo i
The tw SPAPECHERd BtHecllEng Kfihobnl A8 Al TRACL HLORERCERy BEF

whi ch thesth Xailvdtidn AAdCAR REHIGA! &GpPYiah Q1L RE thRGa3kaholhidh 1Ko
be fitted 1n the Iongitudinal groove fornmed in each of the agitating

bl ades sh3adtdineugtiod IT thdadtbherf EQERLS 1Be inSixERY iH@réseritrd i FRCtE. on

of an arrow 22 in Fig. 12 (b), and the other being the state in which
t he rot d0063]i Bormbké mgixensh-1y.Ard tihd BtiatTulide 22 théIchstishship (artivke
imaginary lines in Fig. 12 (b). 10098] At the initial stage in which
t he powtles hrewmitep itmncgsbaj:mm thech g oghpizaticer jndax:ddd. browtissepdrys the
quickly into the m xing liquid by noving_ the rotor 13 away from_each
of  t he IFE&EBY Enen o R dpthea ?@Ld{m@/ﬁlm dinnreiprs 1p thg)casrgpewhiad the

~hi b f or.med h i hi gh di ssi [

occur . SPEOASHTOREOBHEDGUBHE" 6F EBSh OF ThnanHTE oF U PORAopat FE-S-s! ze
b k | gl fhcati .be, .perf ffici I

e BT A3 L R S PSP 8L 4 et

N Fig N . . .

e Sqckfyd s SACKNER ORI 5SLARRATKKSD, SSULLATICRIL U8, BY REAA "
as desgizheth@bouemand 41068 QYetPiNA Vhud Ot Rhd1Bhd mbhsuslid 8ehley

shown by the arrow 20 in Fig. 12 (b). [0100] In the mxer of the

pr esent(achv gy indasidredoahesi8xhiiients diadial tnerdevand thhae thenfaticle
al ong the upper ends of the stators 12, 22 constituting the m xer

uni t l4&ias bebalnpieaffddtdpat@iclapizedbteabuigptiferfdaticd) belihbeqmedagadr
to be delivered directly through the nozzle inlet 19 of the nozzle 18
and i ntas thegabxidngfpbetmorer(isisteallseéni al)nwwbshonhthy rotedienr ow 21
in Fig. 12. 10101] More specifically, the fluid being processed s
del i ver d@084 Js NBhpn bihe mesultponbtzanedt oy the erperimenige Werri pganized

properly with the processing (mixing) time being given along the X
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Conposition(100 nL) Energy[kcal] 100 Protein[g] 5.0 Fat[g] 2.5
Saccharide[g] 14.1 Dietary Fiber[g] 1.2 Ash[g] 0.7 Water[g] 84.3
Property Value Osnotic Pressure[nOsniL] 420

£y

coordinate, on one hand, it was found that the changes in the drop diameter
(particle size breakup trend) could not be expressed (estimated)
comprehensively.

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

[0066] As this is mentioned before, it is found that the drop diameter will
have the trend showing that the drop diameter will be decreasing in the
same manner even though there are any differences in the running
conditions (such as the number of rotations and mixing time) and mixer’s
configuration (such as the gap and the number of openings).

[ 0067 ] As it is described more specifically, it is clear that the
homogenization index: H.I., which can be obtained by the Equation 1 below
as proposed by the present invention, can represent the index that allows
the performance for the mixer of the stator-rotor type to be estimated by
taking the differences in the mixer running conditions and configuration
into account.

[0068) Furthermore, it was found that the drop diameter will be changing,
depending upon the values for the homogenization index: H.I. even though
there are any differences in the mixer’s scale (size). It was also found that
the drop diameter would be changing in the same manner regardless of the
difference in the mixer’s scale.

[0069] It may be apparent from the foregoing description that the mixer of
the rotor-stator type can be scaled up by matching the mixer against the
values (sizes) of the homogenization index: H.I. proposed by the present
invention so that the mixer can conform with those values, and then by
taking the differences in the running condition and configuration into

account comprehensively.
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pH(20C)[-] 6.7 Viscosity(20C) [nmPas] 10 Specific Gravity(20C)[-] 1.078
[0105] In the current enbodiment 2, two types of mxers (one has the
capacity of 9 kiloliters and the other has the capacity of 400
liters) [perTe] uBadthantixbhevieixpeddpmnis vasheqduahddjunival Ve gresent
rotating speed of - the rotor and the accunulating tinme. Those two
types ofiventiens sievé héhsamrizs’'s hpenfoxarankewhestimasdemdstscaiedip
under the enbodinent 1 of the present invention. [0106] The

exper i ppatationsridi bé¢ eesfamaed hy valkings tlé navéiche moge bireakip roperdéion
H 1. that were obtai ned under the experinental caonditions are

pr esen€8gct afapmailsiiicaiisme e Heeh gt aegenat copprehasvelyd Acsrrdingt
Val ues {MEI BALACE. HP 1.0) . H . 9kl 1050rpm 8. 52E+04 .
the present invention in one of its specific forms, the theory that is

applicable to a wider range of mixers can be implemented and developed on
the basis of the performance estimation method and scale-up method which
have been used.

[0071] (Configuration and Design of High Performance Mixer)

In the present invention, the configuration of the high performance mixer
can be defined by using the values for the mixer’s performance index
derived from the Equation 1 of the present invention as the index that may
be used to estimate the mixer’s performance, and then by using the values
for the estimation that results from the above as the reference information.
Then, the high performance mixer can be designed from this definition. The
general structure of the mixer that may thus be designed is shown in Figs.
10 through 12.

[0072] (Moving Stator)

When the mixer of the rotor-stator type is used to dissolve (mix) the
{ powdery material or liquid material, and to thereby manufacture the

emulsified products, it is possible that the mixer will process the powdery
material while the air that has been introduced with the powdery material
into the mixer remains not to be separated from the introduced powdery
material. If this situation occurs, the liquid thus mixed may contain fine air
bubbles produced by mixing the powdery material. For those years, it has
been known that if the mixed liquid is emulsified with such fine air bubbles
remaining in the liquid, the particle breakup or emulsification performance
(effect) will become worse, as compared with the case in which the mixed

liquid is emulsified with no air bubbles remaining in the liquid.
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[0073] In order to prevent such fine air bubbles being produced at the
initial stage of dissolving the powdery material, therefore, it is desirable
that the mixer is equipped with a moving stator mechanism. In particular,
when the powdery material that may tend to produce the air bubbles more
easi8ly is processed so as to manufacture the emulsified products, it is more
desirable that the mixer should be equipped with the moving stator
mechanism. By moving the moving stator away from the rotor at the initial
stage of dissolving the powdery material, the powdery material can be
diffused quickly into the liquid being mixed or prepared. This can be
performed without causing any high energy dissipation. It is preferred that
the dissolving, particle size breakup and emulsifying steps for the powdery
material should be performed by moving the stator closer to the rotor on the
production mode.

[0074] (Multistage Homogenizer (Multistage Emulsifying Mechanism)

As described above, it is confirmed that the performance (effect) with
which the particle size breakup or emulsification operation occurs will
become better as the values of the homogenization index: H.I. derived from
the Equation 1 proposed by the present invention become larger.

[0075] Then, it is desirable that the mixer includes several mixing portions
formed in the gap between the rotor and the stator.

[0076] For example, the particle size breakup operation may occur on the
preliminary mode in the gap between the first-stage rotor and stator, and
may then be performed on the production mode in the gap between the
second-stage rotor and stator.

[0077] (Direct Injection (Direct Injection Adding Mechanism))

As it is clear from the mixer performance estimation which serves as the
index for the homogenization index: H.I. derived from the Equation 1
proposed by the present invention and from the results obtained by

verifying the value for the index, it is confirmed that the particle breakup or
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emulsification performance (effect) will become better as the value for the
above index becomes larger.

[0078]Then, by delivering (adding) oils, component in its undissolved state,
micro component or other similar components directly into the mixing
portions (mixer section), the emulsification or dispersion operation can be
performed more effectively. Particularly, when those components are
delivered (injected) directly into the first-stage stator (the stator located
radially inwardly), the emulsification or dispersion operation can be
performed much more effectively on the production mode by the
second-stage stator (the stator located radially outwardly) that follows the
preliminary stage of the first-stage stator.

[0079] (Configuration of High Performance Mixer)

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

[0080] Note, however, that there is a risk that the powdery material might
block the passage through the opening (hole) if the stator has the hole
diameter of less than 2 mm. In order to permit both the dissolving process
and emulsification process for the powdery material to be performed
concurrently, it is desirable that the stator should have the hole diameter of
between 2 mm and 4 mm.

[0081] In addition, the opening provided in the stator should desirably
represent 20 % or more of the total opening area on the peripheral wall of
the stator.

[0082] The shear frequency will become higher as the number of holes
provided on the stator (opening area ratio) is increased. The problem is,

however, that the strength of the opening on the stator will be affected in
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this case. In the prior art, the opening area ratio of between 18 % and 36 %
is generally employed in most cases, but it is desirable that the opening
area ratio should be equal to 30 % or more. It is more desirable that it
should be equal to between 40 % and 50%.

[0083] In addition, the rotor should desirably be equipped with several
agitating blades extending radially from the center of rotation. Preferably,
the rotor should be equipped with six or more agitating blades, or more
preferably eight agitating blades.

ENBODIMENT 1

{0084 ] The following description provides several examples of the
preferred embodiment of the present invention by referring to the
accompanying drawings, but it should be understood that the present
invention is not restricted to those examples of the embodiment described
herein and that various modifications or changes may be made without
departing from the spirit and scope of the present invention defined in the
appended claims.

[0085] By referring now to Figs. 10 through 12, the summary of the high
performance mixer will be provided below. The homogenization index: H.I.
which is derived from the Equation 1 proposed by the present invention can
be used as the index for estimating the performance of the high performance
mixer, and the configuration of the high performance mixer can be defined
by using the results that are obtained by verifying the estimation for the
performance. Then, the high performance mixer can be designed by using
the definition for the configuration of mixer thus obtained.

[0086] The mixer of the rotor-stator type proposed by the present invention
may be characterized by the fact that the mixer comprises the mixer unit 14
that includes the plurality of stators each having a plurality of openings
(holes) and the rotor disposed on the inner side of each of the stators and

spaced by the particular gap away from each said stator. Other structural
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elements are the same as those of the prior art mixer of the rotor-stator type
that has been described above. Note that the following description is only
directed to one example of the mixer unit 14 which has the construction and
mechanism that characterize the present invention.

[0087] The mixer unit 14 for the mixer of the rotor-stator type according to
the present invention includes the rotor 13 and stators 12, 22, each of which
is constructed as shown in Figs. 10 and 11.

[0088] Each of the stators 12, 22 is provided with a plurality of round
shape openings 1la, 11b like the stator 2 in the prior art mixer 4 shown in
Fig. 1.

[0089] Of the stators 12, 22, the stator 22 has the circumferential diameter
that is greater than the stator 12, and is arranged concentrically on the
mixer unit 14 as shown in Fig. 12 (a).

[0090] The rotor 13, on the inner side of which the stators 12, 22 are
disposed and spaced by the particular gap away from the rotor 13, is
equipped with a plurality of agitating blades extending toward the center of
rotation 17 about which the rotor 13 rotates. In the embodiment shown, for
example, the rotor 13 is equipped with eight agitating blades 13a, 13b, 13c,
13d, 13e, 13f, 13g, and 13h.

[0091] Each of the agitating blades 13a though 13h has a longitudinal
groove 15 formed in the radial center thereof and located between the center
of rotation 17 and the outermost end 16. The longitudinal groove 15 has the
same diameter for all agitating blades.

[0092] When the mixer unit 14 is formed as shown in 12 (a) and (b), the
stator 12 may be mounted into the longitudinal groove 15 formed in each of
the agitating blade 13a through 13h. For each of the agitating blades 13a
though 13h, then, this creates a gap 2 § between the wall 16a of the radial
outermost end 16 thereof and the inner peripheral wall 22a of the stator 22.

Additionally, a gap is formed between the outermost peripheral face of each
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of the agitating blades 13a through 13h and the inner peripheral wall 12a of
the stator 12, and a gap is formed between the inner peripheral face 15b of
the longitudinal groove 15 of each of the agitating blades 13a through 13h
and the outer peripheral wall 12b of the stator 12.

[0093] As it is apparent for the mixer unit 14 in the mixer of the
rotor-stator type that has been described above, the rotor is disposed on the
inner side of each of the stators 12, 22 having the different circumferential
diameter and spaced by the particular gap away from each of the stators.

[0094] When the rotor 13 is rotated in the direction of an arrow 20 by
causing the rotary shaft 17 to rotate about its center of rotation, the

e two-stage mixing section including the mixing portion located radially
inwardly and the mixing portion located radially outwardly is created. This
multistage mixing section permits the mixing process to occur with the high
performance.

[0095] In the embodiment shown, the mixing portion located radially
inwardly may be created between the outer peripheral surface 15a of the
longitudinal groove 15 on each of the agitating blades 13a through 13h and
the inner peripheral wall 12a of the stator 12 and between the inner
peripheral wall 15 of the longitudinal groove 15 on each of the agitating

s blades 13a through 13h and the outer peripheral wall 12b of the stator 12.

o The mixing portion located radially outwardly may be created between the
wall 16a of the radially outward end of each of the agitating blades 13a
through 13h and the inner peripheral wall 22a of the stator 22.

[0096] In the mixer of the present invention, each of the stators 12, 22 can
be moving closer to the rotor 13 and moving farther away from the rotor 13
i the direction in that the rotary shaft 17 of the rotor 13 extends. In the
embodiment shown, the rotor 13 can be moving in the direction of arrows 22,
23 in Fig. 12 in which the rotary shaft 17 extends.

[0097] The mixer of the present invention can take the two states as
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described earlier, that is, one being the state in which the mixer unit 14 can

be created by allowing the stator 12 to be fitted in the longitudinal groove

formed in each of the agitating blades 13a through 13h when the rotor 13 is

moving in the direction of an arrow 22 in Fig. 12 (b), and the other being the

state in which the rotor 13 is moving away from the stators 12, 13 as shown

by the imaginary lines in Fig. 12 (b).

[0098] At the initial stage in which the powdery material is dissolved by

the mixer, it can be dispersed quickly into the mixing liquid by moving the

rotor 13 away from each of the stators as shown by the arrow 23 in Fig. 12

(b). Note that this can be performed without causing the high energy

dissipation to occur.

[0099] The subsequent steps of the dissolution, particle size breakup and

emulsification process can be performed efficiently on the production mode

by moving the rotor 13 as shown by the arrow 22 in Fig. 12 (b) so that the

two-stage mixing section can be created in the radially inward direction and

in the radially outward direction as described above, and then by moving

the rotor 13 in the direction shown by the arrow 20 in Fig. 12 (b).

[0100] In the mixer of the present invention, a nozzle 18 extends radially

toward the center along the upper ends of the stators 12, 22 constituting the

i
/ .

mixer unit 14 as shown in Fig. 12 (a), allowing the fluid being processed to

be delivered directly through the nozzle inlet 19 of the nozzle 18 and into

the mixing portion (mixer section) as shown by the arrow 21 in Fig. 12.

[0101] More specifically, the fluid being processed is delivered as shown by

the arrow 21 into the first-stage mixing section located on the inner side,

that is, 1t 1s delivered directly through the nozzle inlet 19 and between the

outer peripheral surface 15a of each of the longitudinal grooves 13a through

13h and the inner peripheral wall 12a of the stator 12, where the first-stage

mixing (preliminary mixing) occurs. Following the first-stage mixing

portion, the fluid being processed is then delivered into the second-stage
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0.593 12.5 1.22E+07 10 0.527 22.5 2. 20E+07 [0107] The rel ationship
bet ween the val ues for the honogeni zation index: H 1. thus obtained
and the drop dianeters (the resulting particle size breakup trend) is
presentgdin® Fdidion3 locd@HO8h Yherdiae sdRerdnBNial bdiQedtd Theet£dially
organi zed into the appropriate tabular fornms as the values for the
honogesuzatleoshd Bleke whll .16bndlssalh pf oR@sgtkading bta dyL38atthriveghtlizon
bei ng given along the X coordinate, it was found that the change in

t he dr apddilemdesr pehighpasl wellk 28z theestdaipr 22e mel)eiwath d ec @xpl-etmgd
(estimated) conprehensively and systematically. [0109] The present

i nvent noixiggecherappithe@roductizevapileus i ndustrial fields such as the
enul si fhcati n, dispersion, particle size breakup and other sim| ar
processeQ10gkditpray be anpyselaipgl hoat ithasahong descipbiorahhdaéhe rilwg
fields,such as foods, pharnmaceut.i cal di ci.nes. and chemj cal product
since DREVG BERHSSFRy GAR: diF pﬁafwa&d ¢ AEreeHlde et tBFf dixet sihge. and

f i . 1101 .The f f .th i i h )
been doBEIE RS YR M Rrnl AR Rt PG FE AR P
m xersa%{dh%iggg{,%t(pﬁ{o%aetf@ ctﬁeggewhl ch are avail able on the commerci al

mar ket rformance o m xers can be estimated by sinply

operating the mxers using thegnss@DIWELRIT oWat er running) instead of
using the actual processing liquid. By review ng the water running
operati 0108 Ths teétfverhefartvle BBld NG akiGhop@MteM tddlepImethby using
éf’uitable m xer of the rotor-stator type that can neet each user's
-equi r ehentrathtions pagp sl nfoodls can offesel eby e IJIn NMISGNEY, QRP.
cost of selecting the m xer can be reduced, and the tinme for the

r evi ew(MMLAPg@EdbSrHaEéa‘rad{eMIkD.] (2) By adopting the

geonetri cal Zi ze that can maxim ze the configuration_dependi n% term
of the hBABEERRS sompPsingBs and physigal peongapiestidEd Brraditde ledhl-Be
enhanced, desi gned. and nufactured for the inventive and novel

m xer s 2&f Ptrﬁéeﬁ?@o%q@?]éﬂegfl' type, and the performance for the
conventional m xers that already exist can be inproved as well.
[0112] (3)ablkot NieiticarGoaditiont& FoaisdMBIBALADNCH HBt1A (Tradenpak) hat
ranges fromfh J. Sca o,the Targf scal e, tne]scale-up or

scal e- down opele-oal?l c‘ﬂl.LclO%ff!kgO!delﬁ%é' canbelachieved byl taking the
processi ng (pan®recguri ng) ti Bealequirefl forlGthose fri xers into

consi der ati on. ﬂg%}&l(@ V\hat[g]l s requifed tggobtaip the particle
size effect [drep—dianeter—that—canreet—eath—userH s requirenments is
only to estipat &ahe processi l# (agitat{ng) e refuired for that
purpose and [ o cpgfaialet hose Mgjxers with thegm ni mum runni ng

-

(processing) rtmEond such tmatTon—tn—tigs—way, the running
time required f 1e@ﬁ¥ﬁ‘h?ﬁrxer J@an he re ucedi- and the energy
fequi rement s| camshhus be savefg]l [0114]|(5) oI accofdance with the
present inve U QR L Ne M Xersp pf The To[or-grator Type t hat provide
the higher p } } sificationl effects and
hi gher qual i} yPrdpartytVadua ypi cal hi gh peffornmance (hjgh shear type)
rotor-stator|ty t nfoffe In the prior art can
be manuf actu cd%n?%i%%@s%h%)@ )—@?csgjafbgg & *h"{aﬁ?‘ esent invention, the
m xers of the r@t%r-@@é%)or[‘t]ype of f eredi by tﬁ@vpresant i nvention can
provide the hi ghggeoR@yt (R]°€) s{n;pa.tg! eakup andqgnul sification effects
and hi gher gprat iq y—tigmr—the \(-; givarent—mixers—of-fered by the prior
art, and thelpro ggidic ayithe ?‘cj}ﬁ)t s be red®I8d.  [0116] (7) For the
various mxers of the rotor-stator type that range fromthe snall
scale to the large scale, the scal e-up or scal e-down process can be
achi eved0n95{ ahkithg ¢iheept coebsdimeftre) ufvac ttypen@f mixers éons thed floe
t hose m xer into consideration.

capacity of 9 kiloliters and the other has the capacity of 400 liters) were

used, and the experiment was conducted by varying the rotating speed of
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What is clained 1. A mxer of the stator-rotor type conprising
a mxer unit that includes a stator having a plurality of openings
(holes) and a rotor disposed on the inner side of the stator and
spacedthY @tBAldd T Yharagakndkaing toMel MEh&deatRb. t5pRe M XBkehayrRotHde
construction that is designed by using the Equation 1 given below in
such asgamneas theamigepdr wWhich avadridsefodstaidiguhide® taetedbpalhbatl1asf
drop dianeter during the particular m xer running tine can be

obt ai neHe whrereat fiwdmdidrei ng processed is subjected to the

emul sification, dispersion, particle size breakup or m xing process
and by é8196htThe exneripaentad soaditivre anduihe naluesmd thechemegerizaltiamg
drop diageter_by using the Equation 1: N qd(N - _ir2 N qd)d

h- 8( g+dmdex7 HLL fhat were obtained wnggrithg »xpeximyntaleopditiensnane
l[Eg} Egipll—:'gggﬁge%ninl,raﬂela. Honogeni zati on I ndex [n21s3] p Concentration

Table 5 Experimental Conditions and Calculated Values (MEIBALACE HP 1.0)

HI
OkL 1050rpm 8.52E+04
1200rpm 1.43E+05
{'“ 400L 1500rpm 1.71E+05
e 2040rpm 9.76E+05
Time 450 Accun'mlate HI
[min] | [am] | OTime [m%e’]
[min]
40 1.013 40 3.41E+06
okl 0.771 45 3.84E-+06
1056rpm 0.742 50 4.26E+06
7 0.691 57 4.86E+06
15 0.619 72 6.14E+06
7 18.8 7 1.00E+06
5 2.37 12 1,72E+06
8 1.2 20 2.86E+06
9kL, 5 0.925 25 3.57E+06
{ 1200rpm 5 0.807 30 4.29E+06
5 0.751 35 5.00E+06
5 0.696 40 5.72E+06
10 0.642 50 7.16E+06
5.5 5.763 5.5 9.39E+05
400L 3 2.667 8.5 1.45E+06
1500rpm 4 1.884 12.5 2.13E+06
10 1.176 22.5 3.84E+06
5.5 0.68 5.5 5.37E+06
400L 3 0.617 8.5 8,30E+06
2020pm 4 0.593 12.5 1.22E+07
10 0.527 22.5 2.20E+07
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h: Vol une of the Gap [ne] Ph: Power Consunption [W Q: Flow Rate

[mMs} t. : Mxing Tine [s] V: Fluid being Processed [nB8] Np Nunber

of Powers [-] Ngd Nunmber of Flow Rates [-] h : Height of Stator [in]

d: D am@ﬂorh&l@él%tm‘ns@igwfv{ebﬂlth%;valgugq@ﬁﬁh@ﬂaoﬁmg@n%m%%a%
a: p

[-1 1: Thickness of Stator [in : et ween Rotor and Stator
N : NuEbgr thfusRebadinedsahd/ she Gy Quaaidierns Depe ntdisadtifier palteleGapze
[ nbl 2. The m xer as defined in Claiml, wherein the stator

and roboeakunp tacndnieprdsensed in &igaBner that they can be noving
closer to each and noving farther away from each other in the ]

di recti 6A108] Wihen thhexperimyntatesubfs weee oxgagrized ivimithe approprigte
The m xer as defined in daim1 or 2, wherein the m xer ingludes a
pl ur al tekubr denmeras ddeh valnendon tdief fonzpendraianeindard H-Lof@?ls?’]

Dar L1 IR AR OS Bs PP ST CHI b GYag Gven Slon thy X phoringés, avas

defi i f _dai 1, th h .3 i he fluid, bei

or oces i SAAAZRE aBenge Thrb e hePul M h® BaeRels Sen et uiE oy
aR ed e a4 co h d e 184 1%y.20§10

the rot, %l&aﬁ o f NektiGnd 25, fﬁo% AhsfiRg Caﬁf S{s. Orﬂ@ﬁ&[ ap %e

spaced _ Icular gap away omsalrd e _
m xer g%, defdaed ihDe AAY RS B4 aﬁbﬁbpﬁm%hwa%&@s ﬁdﬂ%tgiaq:qﬂem@esdcﬁtaﬁg

includes a plurality of agitating blades extending radially fromthe
center tht sRLAbIfRAtion, dispe®sioh, "Bhfigelel @iz PreaRubnAndhetREF f TR
of a mxer of the rotor-stator type conprising a mxer unit that

tncl udesoeesseat Bxahgplien pfahpke raalpliontimsopebhidgshé hahasfamodie: Heldy
di sposed on the inner side of the stator and spaced by a particul ar
gap awaychraomfodrss, plaamnacewieeadi madheinest iod dhesticdbprofivcist spseothe
using the Equation 1 given below to_obtain the values for the
honogeBesg o vepdisa: PEpYides phgaxceHgnt wéfeebhpuadinstionsi ncl uded in

t he Equat.i ,mSuch as the respectivye size of .t rotor angd statar
bna tho tDOTE) TRS irs Biveiic CRoDTISGH: nay BR G Tk eV RAR LTINS ofo
the m xer, estimtin the1 magni tude (snall ness or greatness) of the
val ues ?blar? KSR &r%et Lon dependent termin the gap that is

speci fi(¢) F8r 4R Behticild KRl IRiritRd 1RE:-REL o BRCE AN LIS athNgbie

on the commercial market, the performance of those mixers can be
estimated by simply operating the mixers using the usual water (water
running) instead of using the actual processing liquid. By reviewing the

P water running operation that is convenient for making such review, the
most suitable mixer of the rotor-stator type that can meet each user’s
requirements for using the mixer can be selected. In this way, the cost of
selecting the mixer can be reduced, and the time for the review can also be
decreased.

[0111] (2) By adopting the geometrical size that can maximize the
configuration depending term of the homogenization index: H.I. in the gap,
the performance can be enhanced, designed and manufactured for the
inventive and novel mixers of the rotor-stator type, and the performance for

the conventional mixers that already exist can be improved as well.

-86-



pvh V

Ngd (Np - A-2 N qd)C18 thetVd -t. h S(.5 +

d)+-n,d1lV 4 =Ch(Nd m

& 6«.»5'»»_\

[0112] (3) For the various mixers of the rotor-stator type that ranges from
the small scale to the large scale, the scale-up or scale-down operations
efficiency can be achieved by taking the processing (manufacturing) time
required for those mixers into consideration.

[0113](4) What is required to obtain the particle size effect (drop diameter)
that can meet each user’s requirements is only to estimate the processing
(agitating) time required for that purpose and to operate those mixers with
the minimum running (processing) time under such estimation. In this way,
the running time required for such mixers can be reduced, and the enexrgy
requirements can thus be saved.

[0114] (5) In accordance with the present invention, the mixers of the
rotor-stator type that provide the higher particle size breakup and
emulsification effects and higher quality than the typical high performance
(high shear type) rotor-stator type mixers that have been offered in the
prior art can be manufactured.

[0115] (6) According to the present invention, the mixers of the rotor-stator
type offered by the present invention can provide the higher particle size
breakup and emulsification effects and higher quality than the equivalent
mixers offered by the prior art, and the processing time can thus be reduced.

[0116] (7) For the various mixers of the rotor-stator type that range from
the small scale to the large scale, the scale-up or scale-down process can be
achieved by tanking the processing (manufacturing) time required for those

mixer into consideration.
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the Equation 1 In the Equation 1, H | : Honobgeni zation | ndex
[m2/ s3] p Concentration [kg/m v h: Volune of the Gap [ns] Ph: Power
Consunmption [W Q: Flow Rate [nB/s] t.: Mxing Tinme [s] : Fluid
bei ng Processed [nme] Np : Nunber of Powers [-] Ngd : Nunmber of Flow
Rates [-] : Height of Stator [n] d : Diameter of Hole of Stator [n]
ns : Nyyhef ikl shlegsisof Stator El 1: Thickness of Stator [in] a Gap
between Rotor and Stator [m : Nunber of Rotations [1/Ss]

Conf i gur ati of. Repehadirngf Taemifador-Catoy bpe comprisihg A mekbodufinr that
scaling up or scaling down a m xer of the rotor-stator type

conpr i snelgdasm setonhiavinpat pliurelitged opesiagofhdlas) agda ptor alispysest
openi ngs (holes) and a rotor disposed on the inner side of the stator
and spasddiebyprerpade o€ thastaiy anvhypaeahby wepartaewar saverwpy frpm the
met hod i ncludes the steps of. using the Equatiqn gi ven bel ow to
obt ai nStHETy &haemarer ¢ 1H8n‘3§jfeﬁPE§‘il‘|U6FﬂoinnH€%? iy, fi@:szgﬁe Hy using the

experi ntal m._xer installation,and/or th jlot plant m xer .

| nst al ISEAHET TagWAReIONe 18 FUShobTBRBE! JaRhAsPFHicqs mixer running

honogenj zation index.. H.| 4. nst . the.v. for., nj, i 0

ooon AR AR < RaReyttn arRRi RNk Rt RRe il RATRES LB

val ues.ta f j t L b val :scaki; r

Cenl nifiBg con ol Bothbitd Wheid Blufd beiie itRes Bl if "EniilgclP t6 the
emulsification, dispersion, particle size breakup or mixing process and by

£

estimating the particular mixer running time and the resulting drop

diameter by using the Equation 1-

RinY

_{m

oV

HlI =

= qu(NP —”2 .quks N4 .tm]
ﬂ-h-§(5+d)+~§~nsdl 4

N*.1
= C‘{ - ”’) ----- the Equation 1

In the Equation 1,

H.I : Homogenization Index [m2/s?]
p : Concentration [kg/m?l

v h: Volume of the Gap [m3]

Ph: Power Consumption [W]

Q : Flow Rate [m3/s]

tm : Mixing Time [s]

V : Fluid being Processed [m?]

N, : Number of Powers [-]
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7r

h 8(5 + d)+-ndl 4 s Ch(Nd tm V the Equation 1 In

the Equation 1, H. 1 : Honogenization Index [nmR2/s3] p Concentration
[kg/nBl v h : Volune of the Gap [nBl Ph: Power Consunption [W Q:

Fl ow Rat g : Nyl 6frFlovJVR>&t£§J[T' me [s] V:

Fluid being Processed [ n8l

Np Nunber of Powers - Nunber of Flow Rates [-]

Wt

h : Height of Stat01 [m]

d : Diameter of Hole of Stator [m]

ns : Number of Holes of Stator [-]

1 : Thickness of Stator [m]

¢ : Gap between Rotor and Stator [m]

N : Number of Rotations [1/s]

Cn : Configuration Depending Term for Gap [m5]

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

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

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

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

6. A method for estimating the performance of a mixer of the
rotor-stator type comprising a mixer unit that includes a stator having a
plurality of openings (holes) and a rotor disposed on the inner side of the
stator and spaced by a particular gap away from the stator, wherein the
method includes the steps of: using the Equation 1 given below to obtain the

values for the homogenization index: H.I., measuring the components
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h : Height of Stator [in] d : Dianeter of Hole of Stator [m ns :
Nunmber of Holes of Stator [-] 1: Thickness of Stator [in] Gap between
Rotor and Stator [in] N : Nunber of Rotations [1/s] Configuration
Dependepdlu iUl e EgRatlivhll, such as tBe 150pE&: v BRIl I%at a RBALGEAES
or chem cal products which are manufactured by subjecting a fluid

bei ng phacHss pdwier tdigitdmbatd hadt flow, raies@erisigothe panhhigg @i18kZe the
breakup or m xing process that occurs using the mxer of the

st at or niixeoy estypetwig che coapnitsds (@nmdlkessumi grédtatesshof tesaiust &or
having a plurality of openings (holes) and a rotor disposed on the

i nner shdeopffighatmmatependent pewadnbihe gear thatuinepesificaiathé meimerhe
stator, wherein the foods, pharmaceutical medicines or chem cal

pr oduc s dagimatinathe pesopipantef twemERRiti on 1 gi ven bel ow
,estimating the m xer running time and the drop dianeters thus

obt ai ned gﬂi_ng’,,m? m xer running tine for the fluid being processed,

and subje n_gEhE ] uid being processed to the enulsification,
di spersion, particle size breakup or m xi hg process that occurs using
the mxer: Ph, Q -t pvh V41" N gd(N pN qd)=18N4 -t.) dl trVv g h
- ? i
.5(r5 + d)+ i N‘}a(ﬂé’—ﬁ‘f\’w st tAP@_tmEjuatlon 1V
x-h'5(5+d)+%nsdl 4
N*.q
:C{ > ”’] ----- the Equation 1

In the Equation 1,

H.I : Homogenization Index [m2/s8]
o - Concentration [kg/m?]

v h: Volume of the Gap [m3]

Py : Power Consumption [W]

Q : Flow Rate [m?3/s]

tm : Mixing Time [s]

V : Fluid being Processed [m?]

N, : Number of Powers [-]

Nga : Number of Flow Rates [-]

z’lfw\

h : Height of Stator [ml]

d : Diameter of Hole of Stator [m]

ns : Number of Holes of Stator [-]

1 : Thickness of Stator [m]

o : Gap between Rotor and Stator [m]

N : Number of Rotations [1/s]
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In the Equation 1, H. I : Honobgeni zation Index [n2/s3] p
Concentration [kg/nBi v h : Volune of the Gap [ Ph: Power
Consunption [W Q: Flow Rate [nB/s] tm:Mxing Time is] : Fluid

Fei ng_@ﬁg?@&%ﬁgu{'ﬂioﬁ‘mé\fﬁ?ﬁ%g@eﬁ?‘f@fGa[p‘gmﬂo . Number of Flow Rates

i ght of Stator : Diameter of Hole of Stator [nil ns :
Nurmber of Hol7ea mbtI@AIAT sdalinglup BRisekiagsd®bn St aiesr bfiharstotapator
between Rotor and Stator [m : Nunber of Rotations [1/s] C :

Conf i gtiyaé icomepierzdenimider mmfiothGapnfiides a stat@ hAvied Bodldality of
manuf act uri ng foods, pharmaceuti cal nedicines or chem cal products by
subj ecbpagings (wldshendgaprodorskepogsest bhetheminses istde obrihedsteper sineh,
drop breakup or m xi ng pl)rocess using a m xer of the stator-rotor type
whi ch €BAfed o5 % hATkEUlanigan Havay nepmddbeasttaroragimgthe metho

Ty RS T Sh ) RO 020, B RRoRe DR ot
t hod i t he ste f: j t he Equati.on 1 gi bel d

et o Delutes, e SLERS, lieUSi ANREAUSLLSN, 13T XsD, belouand,
duri ng L8 MREpi1o DA NPrdikBF 1 Kallaford, ' HAELHIS LS PGS e d values
for the homogenization index: H.I. against the values for the

homogenization index: H.I. on the actual mixer installation so that the

£
{ 1

former H.I. values can conform with the latter H.I. values, and scaling up or

scaling down the mixer accordingly:

LY

_l‘m

vV

NN, —7% N, [N"-tm]

x»h.5(5+d)+i;-nsdz 4

Nt
= C{ ” o J ----- the Equation 1

Pl

In the Equation 1,

H.I : Homogenization Index [m2/s3]
p : Concentration [kg/m3]

v h: Volume of the Gap [m3]

Ph: Power Consumption [W]

Q : Flow Rate [m3/s]

tm : Mixing Time [s]

V : Fluid being Processed [m3]

Np : Number of Powers [-]
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QH .= 13,-t PVh m( N'(Np-7r2kls i N4 .t.) 7r h'5(5+d)+ndl V Cht

(

the Equation 1 In the Equation 1, H | : Honobgeni zation | ndex

[m2/s31 p Concentration [kg/nBl v h : Volune of the Gap [nB] Ph:

Power Gpnsuimiiy dMF1oQR Eda%"s Iﬁqte [mB/s] t. : Mxing Time [s]
Fluid bel ng Processed [insl Np : Nunmber of Powers [-1 No : Nunber of

Fl ow Rat eBleidht of Bed@ht[nof Stator [in] d : Diameter of Hole of Stator

£

d : Diameter of Hole of Stator [m]

ns : Number of Holes of Stator [-]

1 : Thickness of Stator [m]

o : Gap between Rotor and Stator [ml

N : Number of Rotations [1/s]

Cn : Configuration Dependent Term for Gap [m5]

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

process that occurs using the mixer:

HI=-22 2

v

I

NN, > N, [N:'.tmj
%

ﬂ-h-5{5+d)+~g~nsdl

N*-t
= C{ - ] ----- the Equation 1

In the Equation 1,
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Nunmber
Rot or

of Holes of Stator [-] 1 Thickness of Stator
and Stator [in] : Nunber of Rotations [1/sl

Dependent Term for Gap [ nb]

-

o)
{

H.I : Homogenization Index [m2/s8]
p : Concentration [kg/m?]

v h: Volume of the Gap [m3]

Pr: Power Consumption [W]

Q : Flow Rate [m3/s]

tm : Mixing Time [s]

V : Fluid being Processed [m?3]

N; : Number of Powers [-]

Nqd : Number of Flow Rates [-]

h : Height of Stator [m]

d : Diameter of Hole of Stator [m]
ns : Number of Holes of Stator [-]

1 : Thickness of Stator [m]

o : Gap between Rotor and Stator [m]
N : Number of Rotations [1/s]

Cn : Configuration Dependent Term for Gap [m5]

[
C.

Gap between
Confi guration

9. A method for manufacturing foods, pharmaceutical medicines or

chemical products by subjecting a fluid being processed to the

emulsification, dispersion, drop breakup or mixing process using a mixer of

the stator-rotor type which comprises a mixer unit that includes a stator

having a plurality of openings (holes) and a rotor disposed inside the stator

and spaced by a particular gap away from the stator, wherein the method

includes the steps of: using the Equation 1 given below, and estimating the

mixer running time and the drop diameter thus obtained during the mixer

running time for the fluid being processed:
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a

= qu(Nﬂ_ﬂz'qu)dS [N4‘fmJ

ﬂ»h-5(§+d)+§nsdl 4

=C{ N;f’"} ----- the Equation 1
In the Equation 1,

H.I : Homogenization Index [m2/s3]

o : Concentration [kg/m3]

v h: Volume of the Gap [m3]

Ph: Power Consumption [W]

Q : Flow Rate [m%s]

tm : Mixing Time [s]

V : Fluid being Processed [m3]

Np : Number of Powers [-]

Nga : Number of Flow Rates [-]

h : Height of Stator [m]

d : Diameter of Hole of Stator [m]

ns | Number of Holes of Stator [-]

1 : Thickness of Stator [m]

o : Gap between Rotor and Stator [m]
N : Number of Rotations [1/s]

Cn : Configuration Dependent Term for Gap [m5]
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