Particle Size Breakup Apparatus BACKGROUND Technical Field [ 0001 ]
The present invention relates to the m xers of the so-called
rotor-stator type, and nore specifically to the m xer that includes a
stator having a plurality of openings (holes) and a rotor that is

di sposed on the inner siﬁ@l‘fd)tﬁlet&i@e retaduppAgpspaoesd by a particul ar
gap away fromthe stator. Description of the Prior Art [ 0002] As
shown in Fig. 1, it is general that the m xer of the so-called

rotor-stator type conprises a m i hat includes a stator 2
having a plurality of openi ngs%‘ﬁ@ﬁ%@ﬁdpﬁ a rotor 3 disposed on

t he inxer]%idﬁﬁfﬂ&he stator 2 and spaced by a particular gap 6 from
the stat : chm xer of the rotor-stator type is provided for
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shear stress nay be produced in the néi ghborhoo the gap bet ween
the st az6fing £ lakdletyobf r@bﬁ&ﬂ:g@ (RbleR) @hrds ReRAsr ahdttiBedishatdd of the
being fixed in position. This mxer is used for mxing or preparing

t he fl ahdensidd of thestdtbrund dyeiced pr agessealangdp hasayfiwindehe atagiry
of applications in which the foods, pharnaceutical nedicines,

chem cdlessrintion of dhel Brfier Arkke can be nmanufactured. [0003] The

m xers Zf thf rotor-stator_tyﬁe_nay be classed according to the t¥pe
of the &PPBAN s shovrdns Big-t hellf uganeral thah dheankgrpebtle sedcalleht
is, one e heing the externally circul ated m xer, in which_ the fluid
or |i qeiptfyfg%‘iagar 6?6%@99’&&1%35% o Boeh ol pdesAy @ty having a

i ndi cat ed t he arr.ow in\kig. .2, and.the other type being,th
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proposed. For exanple, the Japanese patent application No.
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nmet hod for formng the particle sizes, proposes the particle size
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which the m xer that includes the stator having a plurality of

openi ngtresighas)beapepdunsdriox Bre teigidwedood oftbeigarebebiern the shator 3
stator and fpafed by a particul ar, gap_away fromthe stator can be
used wcaBpbla al rotatieg gt ighy serpds anddhestiatong hetagphsedaransidan-
medi ci ges, nutrition pl enent foods, .ot her foods, .chem cal . i
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m xer of the rotor-stator type as descri bed above but also for al
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indicated by the arrow 5b in Fig. 2.




[ 0013] For the performance estimati on nethod and scal e-up net hod for
the m xers of the rotor-stator type according to the prior art, in
nost cases, the final resulting drop dianeters (nmaxi mum stable drop
di aneters) were obtained by using the small scal e device for each

i ndi vi dh800#] ¥er thadnixermiftthe mgtethsetadey itype t manyrdiffere nheohHggratioes
period, and were then estimated. More specifically, .in the prior art,
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resul ting drop di aneters._.that I e ined b sing the
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the rotor and stator nay largely affect the particle size breakup

ef f ect spacedllysafpaaidudar ghbesway fabirhohghtiderembe dded widélges that
can only be applied to the mxer in which the size or configuration
of the mpenfanjuging dields, tsvehstaat the nphataagehtical freetidihes,panutitien
size breakup effect or enulsification effect. For exanple, there are
no comsidRdement fopds.cethamigodsarchsmigphpireduets, taeemeiticsr andahentikene
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2005-506174 [0017] The follow ng publications, which are not rel ated
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the gap between the rotor and stator and by the openings (holes) on the



[ 0018] One object of the present invention is to provide a m xer of
the rotor-stator type that includes a stator having a plurality of
openings and rotor that is |located on the inner side of said stator
and spaced away fromsaid stator by a predeterm ned gap, wherein the
pr esentstitoredt itorondy opoxehadotipab vhkeinfoematicor dofferhfomnbavk diffeeent
that can provide the higher performance by inproving the shear stress
appl i edYP® DRIET| j qui d bei ng processed and by allow ng the shear
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t he rotagyrdingfthobisdy dases dn whidndhe pidee2dhgl agitsgennchdapsdhgof
the invention as defined in Claim2, The m xer as defined in Caiml,
wher ei iimpeof|thguingxeieinbhe obiesSed considerativm ehd bhose sisrdyapagesr areon
bet ween said stators _and said rotor which is |ocated on the inner
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plurality of stators has an inlet hole through which a fluid being

processatuds. | hhr giveed sfadpwasadby, stdP2phehdnierddd t b agpectnalyidie
invention as defined in daimb5, The m xer as defined in any one of
d ai nsthedimtoadly. 4, bei ng characterized by the fact that the opening
provi deg on each of said stators has a round shape. [0026] In a
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and configurations of the high performance mixers are not described



[0029] In the Equation 1, a Total energy dissipation rate (nR/s3)

Local shear stress in the gap between the rotor and stator (n2/s3) E

s Local energy dissipation rate in the stator (n2/s3) Np Nunber of

powers O Ngd : Nunber of flowrates (-) nr : Nunmber of rotor bl ades

(-) D speedmsdlt of rotor (m) b : Thickness of rotor blade tip (m 6

Gap bet n.totor and stator, (m. ng : er of statqor holes O
Xogd14

N d :
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liquid drop dianeters for t fluid being processed thus obtail ned

duri ng Hokeeval theylcahnat der applied i@ thHeBiixbss af théSrarious types having
the different configurations. Although there are the indices that can only be
applied to those mixers in which the gap between the rotor and stator will
largely affect the particle size breakup effect or there are the indices that
can only be applied to those mixers in which the opening portion (hole) of
the stator will affect the particle size breakup effect. The indices that can be
applied to those mixers that have all possible configurations are not
discussed specifically. That is, there are no indices that can be applied to the
mixers having all possible configurations.

[0012] As noted above, there are almost no study cases in which the
performance estimation method and scale-up method for those mixers of the
rotor-stator type have been defined. There are also no study cases in which
those methods can be applied to the mixers of the various types having the
different configurations, and the data on the results obtained by the
experiments on such study cases have not been arranged or organized
systematically into the graphical chart.

[0013]For the performance estimation method and scale-up method for the
mixers of the rotor-stator type according to the prior art, in most cases, the
final resulting drop diameters (maximum stable drop diameters) were
obtained by using the small scale device for each individual mixer and
permitting the device to run for the long time period, and were then
estimated. More specifically, in the prior art, there is no estimation method

that can be used to estimate the resulting drop diameters that would be



2r 2 tzi2cP(d + INftivd -p- ACd27-2 ). rift D 5(D + 8))+ 4N9dI ni
d2 + 45(D + 5)] =[(Np-A- 2 ) n] - [D3(Kg + K/ )1(1\141;t1") N .t.) =
KV ) Equation 1 [0031] In the Equation 1, E a Total energy
dissipation rate (3112/S3) E Local_ shear,6 stress in the gap between
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stator gﬁ /s$3) Np. Nunber owers{lj(i d n‘%gr of flowrates 0

: e‘Pl’EﬁlSr%ﬁ ¢ b’%’d’é&s 0SS a alirPéPé‘FUBﬂ it ﬂal(% s¢ple devilesnbss

of 1 t bl ade t bet d stat
Surbor S diE Gt i e (‘Ear%ﬁ RO, 3t stl%‘?wr%tﬁngﬁaogl%e’?ﬁ?%rﬁh%s

gf osvt ?;?‘B %%L%ggéwmgér#%tgeu aﬁ%&:&% é Sfﬁjtlltilég r%firt)ﬁﬂshal@ete(ls obtdinied
Conf i g ath P HieReREiRRial %ﬁTﬂlegsﬁﬁié) orl % processing or agitating time

required until such particular resulting drop diameters can be obtained.

[0014] Although there are indices that can only be applied to the mixer in
which the size of the gap between the rotor and stator may largely affect the
particle size breakup effect or emulsification effec or although there are the
indices that can only be applied to the mixer in which the size or
configuration of the opening (hole) of the stator may largely affect the
particle size breakup effect or emulsification effect. For example, there are
no comprehensive indices that can be applied to the mixers having the
various configurations (the theories on which the various types of mixers
can be compared or estimated comprehensively) were not discussed, and
there are no indices that take the above discussion into consideration.

[0015] The performance of the mixer was actually estimated on the error
and trial basis using the actual fluid or liquid being processed, therefore,
and the mixers ware then designed, developed and fabricated accordingly.

[0016] The following publication, which is the document related to the
patent application, is cited herein for reference:

Japanese Patent Application No. 2005—506174

[0017] 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
Dissipation Rates”, Chem. Eng. Sci., 40, 839-842 (1985) and David J. T'; “A
Physical Interpretation of Drop Sizes in Homogenizers;
(2) Davies, J. T.; “A Physical Interpretation of Drop Sizes in Homogenizers
and Agitated Tanks, Including the Dispersion of Viscous Qils”, Chem. Eng.



Kg : Configuration dependent termfor the entire mxer [0032] In a
ninth aspect of the invention as defined in Claim10, A nethod for
manuf acturing the foods, pharmaceutical nedicines or chem cal

products by using the nixer as defined in any one of Clains 1 through
7 to silied?, tllﬁ)'@lfl@'?@(b%?‘)g processed to the enul sification,
di sper rticl § si.ze bhﬁakup or mxi n rocessi n be| ng
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+41) Qj?l Dt( .5(DDiFb 5)) 4N "lin,: ce + 46(D + 5} V) =KA
r ?% nr4D3( K g+Ks)J (Nyr 4 m P14 KV ) Equation 1

(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. Hsu; “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

[0018] One object of the present invention is to provide a mixer of the
rotor-stator type that includes a stator having a plurality of openings and
rotor that is located on the inner side of said stator and spaced away from
said stator by a predetermined gap, wherein the present invention proposes
to provide the mixer of the above type that can provide the higher
performance by improving the shear stress applied to the liquid being
processed and by allowing the shear stress applied to the liquid being

processed to be changed and adjusted accordingly or by allowing the flow



[0033] In the Equation 1, E a Total energy dissipation rate (n2/s3) E

Local shear stress in the gap between the rotor and stator (n2/s3) E

s Local energy dissipation rate in the stator (n2/s3) Np : Nunber of

powers O Ngd : Number of flow rates (-) nr : Nunber of rotor bl ades

(-) rape afthelimfidhrise prepessed thhbekhasgedandoadrusteddeceridingly o

. Gap between.rotor and tator . Nunber of stator holes (-) d
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rotations (V

Conf i gGPRR'E e&%bveend)eeﬁ? Ig?ﬂ??n%uz:tatlon methoad1 th(at can Ype applied to

mixers having many different configurations and liquid circulation modes,
wherein such higher performance mixer of the rotor-stator type can be
designed by utilizing the comprehensive performance estimation method
and the design method that considers the running condition (processing
time) of the particular mixer.

[0020] Still another object of the present invention is to provide a
manufacturing method (particle size breakup method) whereby foods,
pharmaceutical medicines, chemical products and the like can be produced
by using the higher performance mixer of the rotor-stator type that can be
designed and provided by utilizing the performance estimation method and
the design method.

[0021] In a first aspect of the invention as defined in Claim 1, A mixer of
the rotor-stator type comprising a mixer unit that includes a stator having a
plurality of openings and a rotor disposed on the inner side of the stator and
spaced by a predetermined gap away from the stator, wherein said stator
includes a plurality of stators each having a different peripheral diameter
and said rotor is disposed in such a manner that it is spaced by the
predetermined gap away from said plurality of stators; and said stators and
said rotor are arranged so that they can be brought closer to or farther away
from each other in the direction in which the rotary shaft of said rotor
extends.

[0022] In a second aspect of the invention as defined in Claim 2, The mixer
as defined in Claim 1, wherein the liquid being processed is introduced into
the gap portion between said stators and said rotor which is located on the
inner side of each of said stators and is spaced by the predetermined gap

away from each of said stators.



Ks Configuration dependent termin stator (n2) Ks : Configuration
dependent termfor the entire mxer [0034] In a eleventh aspect of
the invention as defined in Caim1ll, Foods, pharmaceutical nedicines
or chem cal products manufactured by using the nethod as defined in
daim 1(6002[380135]51 thardnaepett ethidheatvwaemtingess detfigeok ios Ehainm By dilte vrixer
provi des the m_xer of the rotor-stator type that includes the stator
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provides the conprehensive perfornmance estimation nmethod that can
appl i edaid® pyaling of stdRrydiadus Thiar hohathpgusBiyhddd fLITRED bein
configurations and liquid circul ati on nodes, wherein the m xer of t%e
r ot or - girategsetdyigda ntiwiuqedodowlas atriey. hi gher perfor mance can be
designed by utilizing the conprehensive perfornmance estination

net hod 4A825hEn adifthraspechoflthé invedien derdefiresl iniBhding 5c G mixer as
(processing tine) of thedsartlcular m xer. As a further

advant dgéinedhin E‘MSEW of 1@43180% t&iegghe%, Eweemhwec]éeweddrimhﬁcfact
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types which are offered by each of the m xer's conpanies and each

whi ch kestdrbeandnypdéddrey ®otre ¢hahi Z0% JfithOSobdldopSni@pakiae of runnl ng
in the particular circulation node may be cal cul ated i ndividually
fromt hgooaﬂjehl aesevwesh aspedieofeberenventibnsag etefamd inriaig FoVRhs
and flow rates for the rotor and stator in each individual m xer.
Then, mhixertsallefined iy adivsengaf (Baimatletlronghe§, wheexipr saidawtor has a
separately fro ration pendent term and runni ng

t he confj
Cﬁndutgwdéﬁfye%w@afw ; SEFtpn h&%@elhﬁi@@i%ltsdqemeegf}owlmu ng
E
AR (D1 k) éﬁ}ﬁf@%%ﬁafzé’{,fﬁ%ﬁaﬁeétﬁéﬁeosn&?%ﬂfget?@faﬁ BpEnd %%tieer
Lot e SBTAE HRSloNEShBR BEERAUIREAE o eBRER, B AHR°al PP

br eakugyf6egl 7 BT EBRUEY S arsu{ ﬁqﬂgp{&n 1[ﬁ%al

Wien each 1 hdividual nmixer is to be sc

total epesgimdts TheatdMiincatinke af EYdbaItal ﬁﬁhaﬂ%i r8SulkPMP R &Fbp

t he configuration dependent term and running condition dependent
term Hhasetéhe offither iy beingeprgnadedythisi 8gnt hosshtashed| didg the
val ues so that the total energy dissipation rate E a can agree with

t hose oalxeuvisatednusg teme (0% theBagedd upmp thenabere ofi twovhridebeing
descri bed above, it is found that the m xer that provides the higher
parti cmeoeesgedmaeahamté:mmd danmeﬁhe S?&lﬁwlabnnemwnnmtlmﬂewhen

convent|§£ m xers otnﬁéﬁeor ti and experinentally (the high
per f or ARHEBVHEL &5 ¥ped 4A J%@sﬁ %Bb@&saﬁ@tﬁﬁhaf%vlﬁ@eatmn
[ 0042] Accordlng) %%% |nvent|o t he .val ue range for the
hi gh p&rTRPRENEL H Laee}ﬁ%o THBPHEERTOCRESINET ues

nmeasured on the conflguratlon dependent terns (factors) that nay be



10045] Fig. 1 is a perspective view illustrating the m xer unit which
is included in the mxer of the rotor-stator type; Fig. 2is a
diagramillustrating the m xer of the rotor-stator type that runs in
the external circulation node (externally circulated m xer) and the
m xer of h_e_‘%oto -stator type that runs in the internal circulation
node (i nt'er nat# frculated mxer); Fig. 3illustrates the systemin

which the particle size breakup trend for tpezrsisult}]ng r.op,
di aneters cagi 1 pvesii gt i%. 14 il1Tgralés Hhe s (1Y
whi ch the experi‘rental ‘r é4ul { 50D+ qugtnxoﬂzl-hé(Deta)F taror)type
that runs in the external circulation node (the externalTy circul ated

m xer) may be used to estimate the performance of the m xer of the

rotor-stator (t pe that,yrunsriJy the i rapély cy rcul ati on node
(internal cf atlﬁ.gffm)x'é;])[l);tﬁggﬂ(ar}} pT-Esé’n s the rel ationship
(particle size breakup trend) between fhe”processing (mxing) time
and the resulting drop dianeters for the m xer of the rotor-stator

type; Fig. 6 rep(??e_nt the relationship (particle size breakup

trend) betweeg - tal energy dissi Rat im%&rate E a and the

resul ting drop‘dianpterk Tof fhé nixer®of the rotor-stator type, in
which the relationship’(particle size breakup trend) between the
processing (mxing) time and the resulting drop dianeters is
represented in Fig. 5, Fig. 7 represents the relationship (particle
si ze br QQ@BhtIrrbhhS Egatattdhli he total energy dissipation rate E a and

the resultj rop diaeters. for the mxer of the rotor-stator type
havi ng & ke’ igteﬂqee 24 1Sﬁ‘ip1a$’é:’rne’rﬁ‘tef grﬂ?‘%shat of the mixer of the

rotor-stater I Q. Whi ¢ e Jelat i p_(partiel i .zee bgeakup
trend) bét %88%}/ %alprgtol\gg%gllqﬁég(g%pxi)%&{??rhegééﬁ&t%%&ﬁ g%ts "t %‘13 jggop

di amet ef s: [$cHERR aﬁ%i}migﬁgﬁtéan tﬁia%'ta%xf eppegents the effect on

the gap between the’rotor an e stator; g. 9 represents the

ef fect pn: NRenbet 6f goweet € of the opening in the stator; Fig. 10
represents the effect on the nunber of holes (opening area ratio) in
t he opéiqdig Nohbeonfdlow betst@i or; Fig. 11 represents the effect on
t he perfornmance i nprovenent effect for the conventional m xer; Fig.
12 r epmesé¥embeefmeotet bbrddsi (o) bet ween the processing (nixing) tine
and the resulting liquid d{Jop di aneters for the particular small-size
m xer (babipgetesofeotire@lp trend) under the running condition as
presented_i.n Table, 5; Fiq. .13 represents the relationship between the
t ot al @ni@gka?%%%%oarbqaé?éw E“; and the resulting liquid drop

di anetegs. for the particul ar, | argevsikze m xer (particle size breakup
trend) ‘und ?pt%eev?(%ﬁh}%ar@&gdf%tgh(@g presented in Table 5; Fig. 14
represEth:Nﬁ%%e%edfasttgﬂﬂsmﬂ%st{e)t ween the total energy dissipation

t

rate: a an e resul'ting li'quid drop dianmeters (particle size
breakup tHendktd06f R6F Hodd ) Si ze m xers as presented in Table 5;

Fig. 16 is an expl oded perspective view illustrating one exanpl e of

the ml:tlistRAesLeRL&tbr €al)i on mechani smthat may be enployed in the
m xer of the rotor-stator type according to the present invention;

and FiNy: Nifmbkt oftrotdtesnd Klés)di rect injection systemthat may be
enpl oyed in the mxer of the rotor-stator type, in which (a)
r epr esént: Mixiplganme @V and (b) represents a side view

V : Flow rate (m3)

K, : Configuration dependent term (m2)

Ks Configuration dependent term in stator (m2)

K. : Configuration dependent term for the entire mixer

[0030] In a ninth aspect of the invention as defined in Claim 9, The mixer



Fig. 18 is a perspective view of the mxer of the rotor-stator type

in accordance wi th anot her enbodi nent of the present invention; Fig.
19 is an expl oded perspective view of the mxer as it is viewed

obl i quely and downwardly as shown in Fig. 15 although sone parts are
om tteds defiged2im amyusne aafe€laines rleshrewclott, aivhedeiny theemixest cay b
whi ch the, m xer of the grior art _and the m xer of the present

i nvent iS6Alafe e ¥oRpRleddlownobsrletatiag: B Atauateon dspelowy ve estimate
rel ati gnshi ps. between the mxing tine d the resul.ting average

| Caut o DARGdiaeY Snter Rpiaiag g ABd: Hicot SHETRLARIE b afae toye
the test] [ V\@ich the m xer of the prior grt. ancé# t he ngx r..of .the
present?] TOEnENeh GEPE BETsared MHOPREIES Raiiine PReif daghyrer
rel ati ﬂﬁth fgEween the mxing tinme and the standard deviation;

Fi g. 2% i uétrates the results obtained by the testing in which the

m xer of the prior art and the m xer of the present invention were
conpar ed &§n=ofder€f o represent the respective relationships between

the rotor's nunber of rotations and the resulting average |iquid drop
di anet ers; _F_i . 21:3_ i Izbus rat s phe nesul t,sz,,g’f@ﬂ@yme@) by &/t.es}ing
in which the=n¥%et Vo vifeh 5t mﬁ T REG5Ph - Tesen

i nvention were conpared in order to‘represent the respectirve

rel ati onshi ps between the rotor's nunber of rotations and the
standard deviation; Fig. 24 illustr ‘t-hre results obtained by the
testing in *VE{AChHWEMﬁ)Xﬁr- 3(@@@% E_Lt_am};d the m xer of the

e

present invention wWere’conpared?® n drter Vo reepresent (a) the

respective rel ati onshi ps between the rotor's nunber of rotations and
the flowrate, (b) the respective relationships between the rotor's
number of rot atifons’ dpd) the power and (c) the respective

rel ati onshi ps™bé V\_/e'th e rot or'=s snurber Fafetiont ati ons and the power
contributing to the emdl sification; Fig. 25 presents the estinmation
results obtained by analyzing the energy dissipation rate nunerically
for the m xer of the present invention versus the m xer of the prior

art; BESIOBDPHCEhENGURAYIONGI THE | NVENTI ON [ 0046] According to the
present invention, the total energy dissipation rate E a which can be

deri vede §r ofotdlentygntdissiphtipinveatebenysd)i s used to di scuss (compare
and estimate) the particle size breakup effect (particle size breakup
trend) fpr Lopel sheaw stgess ke thetgsn betavean thesotarrms ptawy) +(mkisPn
P gt e B 9.2

Np : Number of powers (-)

Ngqd : Number of flow rates (-)

n; : Number of rotor blades (-)

D : Diameter of rotor (m)

b : Thickness of rotor blade tip (m)

§ : Gap between rotor and stator (m)

ns : Number of stator holes (-)

d : Diameter of stator hole {m)

1 : Thickness of stator (m)

N : Number of rotations (l/s)

tm : Mixing time (s)

.10-



E a Total energy dissipation rate (n2/s3) E Local shear stress in the
gap between the rotor and stator (n2/s3) s Local energy dissipation
rate in the stator (n2/s3) Np ; Nunber of powers O Ngd : Nunber of
flowrates (-) : Nunber of rotor blades O D : Dianmeter of rotor (m

b Thi cRheFdowiratetlor) bl ade tip (m 6 : Gap between rotor and stator
(m ns_; Nunber of stator holes (-),d . Dianeter of stator hole (m
1: Thi éﬂmeé@ng‘g%ﬂ‘ﬁ@@r qugndent tRigFbERYof rotations (Vs) t. : M xing
time ( . Flow.rate ( Kg: Confi gurati dependent term (nR2) Ks
Cont i gt PRREHES AR et tar Sy StoReY Cont i gur at | on dependent
termf the entire mxer 0048 ing the.total energy dissipation
rate EXr deCePRbkhAaR lPendea? SBhm B e OB bkes of fect (parti ol o
Sl z€ brggb?gjtfﬂeg intRashbe: o irR/fentbﬁgl EQH%E‘n%H%&PCléﬁ&PSOPR%B od

di scuss conpared or esStinate Int conprehensi ve and consi st ent

manner foal bigudctiang e bBods| fshenagsehiicdNemBixGhe§ORE GHERiiLAD,
stator configuration, 'mxer running condition (processing tinme such

as thepFodubgs by ing $halBie Zefefinddtineahy bae ofl OR4RIs Azhdeagh ioas
above, the total energy dissipation rate E a nay be expressed in
terns elubjdu tthet Auid dendg eirotémsedotmathes benulsHicasen , Egpensibhe pgapicle
between the rotor and stator and |ocal energy dissipation rate E s
for theizst hregkup or mixing processing, being characterized by the fact that the
foods, pharmaceutical medicines or chemical products are manufactured by
using the Equation 1 below to estimate the particular mixer running time
and the resulting drop diameters for the fluid heing processed thus obtained

during the particular mixer running time:

£, =&, + &
3 2.2 43 4
“[v, -~ =*)n ) D D% ), __ am a; (d+4f) N,
S(D+6)) 4N ln, -d* +46(D+5)] v

=|(v, -~ 2*)n D, +K’)]'[N‘V.tm J

e [N, _
- ¢ V . LI T T S T ) Equatlonl

[0033] In the Equation 1,
¢ a - Total energy dissipation rate (m2/s3%)
e . - Local shear stress in the gap between the rotor and stator (m2/s3)
¢ s - Local energy dissipation rate in the stator (m2/s3)
Np : Number of powers (-)
Ngqd : Number of flow rates ()

nr : Number of rotor blades (-)

-11-



[ 0050 1 According to the present invention, the m xer performance is
estimated by estimating the magni tude of the values for the
configuration dependent termKs of the entire m xer which are
specific to each m xer and can be obtai ned by neasuring the sizes of
t he rotlr Diamefesodroted(md xer running powers and flow rates, which

are co ents of {he Equation rom which the total energy

di ssi pgfﬁgh‘ci‘&?%ﬁ E%ﬁ‘)‘i%ﬁﬂﬁée&& %Wéd [0051] As it is clear fromthe
Equation 1.0f the present invention for deriving the total energy
di'ssi pat i offaPaPEVEeen Toto 386#1?3&8? zlfni)on depending termKg (M) is

t he val ue f1. 1.S fi each mxer and is based on the gap 6
(m betnﬁéelgnﬁhbéelrooftssc%gﬁglnhglseisgt)or, the diameter D (m of the rotor,

and t hey t hi S . qf bl ade tip of the rotor. [0052] In
addi ti gln,blt1 erég%ln faﬁ%%?lg%é e%endi ng termKs (nR) for the rotor is
the valluergibRheks obBRGLEI(R)t 0 each m xer, and is based on the nunber
of flowrates No O, the nunber of stator holes ns, the hole dianeter
of the Mt Nwhbdemf rotdigohidilgkness of the stator 1 (m), the gap
between the rotor and stator 6 (m and the diameter of the rotor D
(m. [tRO9Ejxifgetioonfs)gur ati on dependent term Ke (nb) for the entire
m xer is the value that is specific to each mxer and i s based on the
nunber Vof Fhowmernse (|3 - ), the nunber of flowrates No (-), the nunber

of rotqr blades nr O, the djameter of the rotor D (n) and the
config&?@tp%ggglﬁéﬁﬂp HWJBFWQ&‘?)W the stator. [0054] Note
that t unper of. powers:. NP[-] and the nupgber of flowrates: No [-]
are thgidﬁﬂjgﬁgpbﬁlggs‘il%@&#ﬁi[tg ]ﬁ’a?tagf”eleﬁ‘eqﬁeral ly used in the
chemi cg} .eRQi . fiel g fhned faollows. [0055] Q= Nqd
N D3 i ¢%§/§§g%@,gnlée%ﬁur%§g tgif']%r% éc |oennst?ls%1:nq}r§1!ﬂxer di aneter) P=Np
p N3 00B4] d8N8 i1y rfﬂhé&i:l@%@ fehe 1R s d& g L AnEheR
Nanel y:ﬁt he ElurrberSa _ofe_flow r at gs a?ld tﬁ%_lﬁﬁ Se(%fg?@d[;gﬂmec(rié arel’F‘k?gdS’
di mensiphalreésscetidaiall ivh b @%ih dabr eRBmBaHpFd Meds TheAuFG ukt @ Wy déiee and
powers neasured on the experinental basis. [0056] Specifically, the
conf i gui@fHodnasdpfindtrig €Ckrim K6. for the entire mxer is the val ue
that is specific to each mxer and can be obtained by measuring the
si zes of00B&8] rbs oneafdhetagtvamtages.tthe posent amderdtiowprayvaleguhienyixde
m xer running tinme. [0057] By conpari n%wg estimati ng) the magnitude
of tho®é thel wekor-staéer tyne Yhatr srehudessthst stawrvhavie thexehwadidn of

estimat ed, . and t he er.f orma

ey ar BPehing anaolie: S0t that 15 heaged oTnERananAE Me chdhs adar and

i ti h i desgi d, b d th t.i 1 t hat
o b sfiaget Al Fin RSB BY M by SRRELIBER ety sy Yhe b
d i . .< in.. tal : i . [ :
2000 epEibstMStiod (D BRI ighdiP BB d Dublieb B B EPRA S 3RLR AL MLl ©
resul tichg SFRRAET HELEENer Potfdend A4, tair{w_tﬁboaqéﬂaixaglﬁie%?app%édl%nﬂm

that a dairy product is used to estimate its particle size breakup
trend, liydid Yifdgtdiate Sdeduéat B dhiaggdd Axd RIdgAsiRd hAamriaeslyryoMidadw
The liquid that is provided to sinmulate the dairy product contains
t he m khtepraft ¢ha hqoé@nbeialg profddf3ed THMR @lat dle rdbHangedotagidn)adjusted
rapeseed oil and water. Its conposition and ratio are presented in
Tabl e #ccaubhelyl Conposition Ratio of Sinmulated Liquid for M1k

Pr oduct Corngfi tionM | k Product Concentrate (MPC)8.0% Rape Seed
G4 50#036 ] As another advantage, the present invention provides the

comprehensive performance estimation method that can be applied to any
one of the various mixers having many different configurations and liquid
circulation modes, wherein the mixer of the rotor-stator type that provides

the higher performance can be designed by utilizing the comprehensive

.12.



Water7.5% i | bt aL100% Rati oProtein/ Wateral % QG | / Prot ei n56. 3% QO | / WAt er
Properti esDensityl1028 kg/ nB Viscosityl5 nPa s [0060] The m xer
performance was estimated by checking the particle size breakup trend
for the resulting drop dianeters on the experinmental basis. The unit
t hat emshtygnames estizratadn gneihddaandnthey designamethodrthiat deingideg swile
provi ded, and the resuylting plroP_ di,aneters was nmeasured on the mddle
way of 1'ﬂ1ﬁ'éﬂpgc$9¥1§1fp§&1tlzpweﬁ§mﬂg i ofdderrantiewlag minert ype particle

[ | ff db hi f [ .

Company} O0ST0bGA  nit0e: QURrARRvlis OReSRBheUBIE AT | B iR Hea
f i | i d..m i i,cul i d,

e anrph B JRallod R RET R B ot SO cr Y RR%8

resul g ol ATShEn R HOE G BRTL AL EeLAR BRGRKYRALISDN Blcdde

resul ting lameters IS 'examned on the experinen basi's an

the m x8ruPelf HdTRIEIS) PetdBMmadRbl ABtGdof fIF xbE-4tAkEF BRADE Yhat can be
circul atfed mxer, however, they are comon in that either of those

m xer s deefgiddead i@ vided byuiliziovhe€ hekftghuides hehsd alml tke davighy
the plurality of openings (holes) 1 and the stator which is di sposed
on themetlexd.si de of the status 2 and spaced by the particular gap 8
away fromthe stator 2, as shown in Fig. 1. Wen the performnce of
the i nt $PAEBI Yircthe prasent invemtiomsthendnlexcthnt wayi bareferredite asathe
done by using the results obtained by estimating the externally

ci rcul 59@3 erﬁ%z'sw,dlﬁ?@@rtl%éat@sgmrﬁa@paheahxbettﬁéa' PRYISPIRg ey Fated

ol (R BRI N AT ST

e O T S A

e { e S e 58P X6 8.6 cBe i SPREAL Gk

are gi ¢glculAte®@bh@vidualldtr 2 BIYeLIndMoX@bd on thb Roknckriead dizes
and running powers and flow rates for the rotor and stator in each
individual mixer. Then, the total energy dissipation rate ¢ » may be
expressed separately from the configuration dependent term and running
condition depending term for each of those mixers.

[0039] By using the index that may referred to as the total energy
dissipation rate ¢ », the values (magnitude) measured on the configuration
depending terms can be used when the performance for each of the mixers is
estimated or when the performance is estimated by the particle size
breakup trend for the resulting drop diameters, for example.

[0040] When each individual mixer is to be scaled up or scaled down, the
total energy dissipation rat ¢ , may he calculated as coupled with the
configuration dependent term and running condition dependent term. Thus,
the mixer may be designed by using those calculated values so that the total

energy dissipation rate ¢ ; can agree with those calculated values.

[0041] Based upon the above discoveries described above, it is found that

-13_



1VBxe-rk2 1.6L M xer B CL Stator No. 6 6 7 Rotor Dianmeter [mm] D 30
30 57 Maxi num Nunber of Rotations [rpn] Nmat 20000
the mixer that provides the higher particle size breakup effect and
emulsification effect than the conventional mixers both theoretically and
experimentally (the high performance mixers) can be designed, developed
and manufactured.

[0042] According to the present invention, the value range for the high
performance mixer can be specified in terms of the values measured on the
configuration dependent terms (factors) that may be applied to the
performance estimation method for each individual mixer. More specifically,
the value range that was not covered by the conventional mixers can now be
specified in terms of the values for the configuration dependent term
(factor) by using the index called as the total energy dissipation rate ¢ , or
the value range that could not be calculated easily by using the
conventional index (theory) or would be difficult to be calculated unless it is
measured actually can now be specified in terms of the values for the
configuration term (factor) by using the index called as the total energy
dissipation rate ¢ _.

[ 00483 ] According to the method for manufacturing the foods,
pharmaceutical medicines, chemical products or the like by subjecting the
fluid or liquid being processed to the emulsification, dispersion, particle size
breakup, mixing or any other similar process that occurs by using the mixer
of the rotor-stator type, the particular mixer running time and the resulting
drop diameters thus obtained during the particular running time can be
estimated by the total energy dissipation rate ¢ ,, and the foods (such as the
dairy goods, beverage, etc.), pharmaceutical medicines (such as the
non-medical goods, etc.), chemical products (such as the cosmetic articles,
etc.) or the like having the desired resulting drop diameters can thus be
manufactured.

[0044] Note, however, that when the nutritious compositions (which are

equivalent to the compositions of the liquid foods, the powdered milks

-14-



20000 6400 Maxi mum Motor Driving Power [KW Pito" 0.9 0.9 1.5 Nunber
of Openings [1 n" j3 05 Size of Gap (nm 6 0.16 0.26 0.25

conditioned for babies and the like) are manufactured by using the present
invention, they will have the good flavors, tastes, physical properties,
qualities, etc., and the present invention can be performed in the hygienic
or workable environment. Preferably, the present invention can be applied
to the manufacture of the foods or pharmaceutical medicines. More
preferably, the present invention can be applied to the manufacture of the
foods in particular. Much more preferably, the present invention can be
applied to the manufacture of the nutritious compositions or dairy milks.
Most preferably, the present invention can be applied to the manufacture of
the nutritious compositions or dairy milks that contain the highly
concentrated composition.
BRIEF DESCRIPTION OF THE DRAWINGS

[0045] Fig. 1 is a perspective view illustrating the mixer unit which is
included in the mixer of the rotor-stator type;

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

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

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

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

Fig. 6 represents the relationship (particle size breakup trend) between

-15-



Vol ume of Gap [ina] vs 3.56%40-8 5.90x10 -8 2.70x10" Nunber of
Rotor's Blades nr: 4 [0063] The m xers A-1 and k2 are offered from
the same manufacturer, and have the sane capacity of 1.5 although

they have the different sizes. [0064] In Table 2, ther‘?ap vol une V g

cor r espbadetalendrgyvdisarpatyin rhate parnd idfe rasalyag doprdipimeters for the

[ 0065] The nunber of the agitating blades for the rotor 3 that_is.
i ncl udeddes ehdieorotarastatei rypa. 1inafehisho the sxdlatisvshtp (hartislesize

of 1.5.liters and avi ng, t he capaci . of liters) jis four. for the
m xer k.l'faﬁvsﬁevéfbéﬂvae?ﬁ ¢ DROGE Hag?%amrgirmpﬁ@ fag rﬁuﬂt{r@o%%qp

The experinental conditipns.a the cal cul ated val ues of the total
ener gy df‘g’s%ﬁﬁlaﬁ ]rsoheq’lgtg%ngeafg} g(ii%l ‘%}en in Table 3.

Fig. 7 represents the relationship (particle size breakup trend) between
the total energy dissipation rate ¢ 2 and the resulting drop diameters for the
mixer of the rotor-stator type having the scale (size) different from that of
the mixer of the rotor-stator type, in which the relationship (particle size
breakup trend) between the processing (mixing) time and the resulting drop
diameters is represented in Fig. 5;

Fig. 8 represents the effect on the gap between the rotor and the stator;

Fig. 9 represents the effect on the hole diameter of the opening in the
stator;

Fig. 10 represents the effect on the number of holes (opening area ratio) in
the opening portion of the stator;

Fig. 11 represents the effect on the performance improvement effect for the
conventional mixer;

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

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

Fig. 14 represents the relationship between the total energy dissipation
rate: ¢ , and the resulting liquid drop diameters (particle size breakup
trend) for other large-size mixers as presented in Table 5;

Fig. 16 is an exploded perspective view illustrating one example of the

-16-



10 It 10 -1 CSDCOO00 CO N CO,--1-1000 ci 6 CC... Nt O 1 DO CO CO
CO 7?4 6 6 0x xxcr>-04o0 [0067] In Table 3, since the val ue of
Kg / (Kg +Ks) is equal to nore than 0.5, Kg that is the configuration
dependent _termfor the gap is greater than the configuration
dependénultisiage legnﬂlﬂiﬁm‘@ogtme%nanm shahagabe icarploged antheamiger of
effects, for the gap and openjng (hole) portion 1.in the stator 2 are
t hen c@hﬁéfpé‘éﬂ'sﬁat of &ype@seotdiag fpﬁiemﬁﬁéng‘?%@%r 8BRup effect for

he ot |ig3ﬁ2#@yi§ia$é$3_§§{daﬁe”_ a%ii“cé?oi{ %}?%@gﬁ&ﬁ% %{ég{%ﬁ ool e
S D S g Tt (R C R S e O

for th I,Saq . [0069] For the mxer A-1 and mxer A-2 in
Tabl e %?ﬁ% eq{tglaaﬁlig%ﬁ? ﬁro (the particle size breakup trend) between
the praggssiggs (M péRQectivevitipesst the MixeF & BRE i@ AEafdNBIPY in
conditions and the resulting drop dianmeters is then presented 1'n Fig.
5. [ 08¢6¢rddndesw alhsonétdierckrhbadinh éet phitlid phesaitzigveneloup ef f ect
(particle size breakup performance) will becone higher if it shows

t he sandigr d9diasan hexpdededepaspeativesvievhed ehe caixamlasest) isbtiaiwesd
by the total energy dissipation rate E a_is shown and if the gap Sin
t he mi wbhiduslysmaid dosinwaedlyuapethayin dinl Figt 46 dtboughogmy pats, are
however, that when the experinental results are arranged or organized
into tﬁ@’(ﬁ? hical chart with the processing (mxing) tinme being

R BT N T G L T
R e R R e

size breakipedditnle PSIYRSHR ! ﬁﬂah%%giﬁﬁéwe%? %ﬁ%%&%@g ’gﬂfeeaﬁdath%.s

proposed by the present” i nvention an e resulting lameters is
presentesultindhgerdze Mam Ubep xppiteRNt al results are arranged or
organi zed into the graphical chart with the total energy dissipation
rate E &Fipe2hilpstobtedtlat oagulthebtwinieddst the (eting o v izhahaxmnsyer of
however, it may be found that the change in the resulting drop

di amet ¢he i petrand the shizeriwfdhkyresenh i vesnohevaremosssackd in order
(estimated) in the _conprehensive manner. [0073% Specifically, it is
found thatrephesqrdsthie Ferpedriap @latiershinsdatmaen thremiring time paddthe
that is tgelﬁgﬁsu.l ting drop dianeter will becone smaller, regardl ess
of wheSHRAIHLABIAIO e any differences in the running condition (the

LA T R R M e RO
£i ‘ I . ..

ndex 157 FEid attifd Che mBREPAC DAL LV ALE oea? RSN Bl

the ruRpi RgreoaH &h@nr@%@cﬁq_afmﬁm&ﬂsalﬂ;gé YetWrB8nM KE 108’5 Number of

rotor-stator type are taken into account consistently. [0075] For

the m xetatfondanalthe sdsultifigrBleahboMENiil dioprdiagdstegsze breakup
trend) between the total energy dissipation rate e a proposed by the

pr esent Figivahillesirabes thdeesidssibbtaigedrioptlé sestieg $n ivshiphahenheder of
Fig. 7. Fromthis relationship, it is found that the resulting drop
di anet éhe pepunay drd ghe ymixeswitthe present itveanon wiep wmpaned vt arder
energy dissipation rate E a regard] ess_of the difference in the
mi xer' §0 skepresewy thy respective relationships between the rotor’s number of
rotations and the standard deviation;
Fig. 24 illustrates the results obtained by the testing in which the mixer of
the prior art and the mixer of the present invention were compared in order

to represent {a) the respective relationships between the rotor’s number of
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[0076] )FromFig. 6 and Fig. 7, it may al so be found that the
particle size breakup effect will exhibit the simlar trend

regardl ess of the difference in the mxer's scale. [0077] <The
estimation of mxers using the total energy dissipation rate E a>
Now, t Wetadensretidtheffloweratexdb) dhet trspestive- selationshyps beswagnt e
Equation 1 of the present invention for deriving the SOt al energy.

di ssi pdPYns r BUEIET,, Oforratabiensarmduthe | POVRE @1 el | Bhe oresprdiive

m xers th the partjcle si,ze breakup effect (the particl ize
br sakuplatenteS; Rgbtesn HES TRSOr AABEATT Gfo * GRS TR Bty power

[0078] .ln.the.c ere tthere . are any differences in the size of the
gap bé:f)\%lelﬁggﬂyfoo%% °tH S@ica?ttborn,’ the size (hole dianeter) or

configu i : t he, i : t.af.0 [
Tho 1 ke A2 ipef MITREbuRebISARER DOy Shalipd BHeboer
upon t esdighiRnTRNeEn Aindri@lN #10th@imidee f ¥R pheSeReBNV o¥eldd vefkus
(estimated). The information regarding the m xer using that

verifi ¢htimixdpragtihaggionhrt;s sumari zed in Table 4. [0079] Note,
however, that in estimating the performance of the actual m xer, the
val ue of K, / KeBEATtM&DEAYFHIEMBO B ING BYHEoINEENTHQN he
configuration dependent termK e with [c of Stator No. 3 (the

st andar 408464 dcyondingdedbe rresenimentitmtthero tabe nengyediss s thyre akisp
effect will beconme higher (érhat is, the high performance m xer wl|

be achi evddicAsanhe doargd from ike Earatianed giver belaws upapite discuss
gjmr %OIEP%%} g)&d Tg'%tir%a g? tt%re Opfar%ﬁ?g ! snl%e' bﬁaaa Oul? fe eé:fl l(}‘)arlllgtiﬁ%p size

breakup trend) for the mixer of the rotor-stator type:

£, =&, + £,
:[(N —N ﬂz)_n - D% . ﬂ,zns2d3(d+4f) N4.t.-u
o~ Naa® )0 5(D+8)) 4N ln, -d*+45(D+0)||[\ ¥

=¥, - v} n LD, +Ks)]-(N4 'fmJ

4

=K, -[N;t”' J « ¢ +» « o o o« Equationl
[0047] In the Equation I,

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

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

Np : Number of powers ()

Nqd : Number of flow rates (-)

n; : Number of rotor blades (-)

D : Diameter of rotor (m)
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b : Thickness of rotor blade tip (m)

§ : Gap between rotor and stator (m)

ns : Number of stator holes ()

d : Diameter of stator hole (m)

I : Thickness of stator (m)

N : Number of rotations (I/s)

tm : Mixing time (s)

V : Flow rate (m3)

K; : Configuration dependent term (m?)

K Configuration dependent term in stator (m2)

K. : Configuration dependent term for the entire mixer

[0048] Using the total energy dissipation rate e » described above, the
particle size breakup effect (particle size breakup trend) for the mixer of the
rotor-stator type can be discussed (compared or estimated) in the
comprehensive and consistent manner, although there may be differences in
the mixer configuration, stator configuration, mixer running condition
(processing time such as the mixing time), scale (size) and the like.

[0049] As described above, the total energy dissipation rate ¢ » may be
expressed in terms of the total (sum) of the local shear stress ¢ zin the gap
between the rotor and stator and local energy dissipation rate ¢ s for the
stator.

[0050] According to the present invention, the mixer performance is
estimated by estimating the magnitude of the values for the configuration
dependent term K. of the entire mixer which are specific to each mixer and
can be obtained by measuring the sizes of the rotor and stator and mixer
running powers and flow rates, which are components of the Equation 1
from which the total energy dissipation rate ¢ » can be derived.

[0051] As it is clear from the Equation 1 of the present invention for

deriving the total energy dissipation rate ¢ », the configuration depending
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term K (m?2) is the value that is specific to each mixer and is based on the
gap & (m) between the rotor and stator, the diameter D (m) of the rotor, and
the thickness b (m) of the blade tip of the rotor.

[0052] In addition, the configuration depending term Ks (m?2) for the rotor
1s the value that is specific to each mixer, and is based on the number of flow
rates Ngd (+), the number of stator holes ns, the hole diameter of the stator
d(m), the thickness of the stator 1 (m), the gap between the rotor and stator
§ (m) and the diameter of the rotor D (m).

[0053] The configuration dependent term K. (h15) for the entire mixer is the
value that is specific to each mixer and is based on the number of powers Np
(-}, the number of flow rates Nqa (-), the number of rotor blades n, (), the
diameter of the rotor D (m) and the configuration depending term Kg (m2)
for the stator.

[0054] Note that the number of powers: NP[-] and the number of flow
rates: Nqa [-] are the dimensionless quantities that are generally used in the
chemical engineering field and are defined as follows.

[0055] Q= Nga * N - D3 (Q: flow rate, N: number of rotations, D: mixer
diameter)

P=N; * o * N3 . D5(p :density, N: number of rotations, D: mixer diameter)

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

[0056] Specifically, the configuration depending term K. for the entire
mixer is the value that is specific to each mixer and can be obtained by
measuring the sizes of the rotor and stator and the power and flow rate
during the mixer running time.

[0057] By comparing (estimating) the magnitude of those values, then, the
performances of the various mixers can be estimated, and the high

performance mixer can also be designed (developed and fabricated).
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0.5 4 24 8 2 D ameter of Rotor 198nm Nunber of Rotor's
Bl ades : 6 [0080] (Effect of the Gap between Rotor and Stator) The
effect of the gap between the rotor and stator has been verified
(estim ed%, the results of which are shown in Fig. 8. [008111 VWhen
t he par {108b81sAgeordinakiopths frnesent Havpativne thesmsehrodakbp desigdpd,
was cal cul ated by using the Equation 1 of the present invention for
deri vi MgseAeup o dihee Fargfian dsthak imoay rha aised o Rerive, the takal paeray
that i tdissipation rate ¢ 5 as described above.

[0059] <Change in the total energy dissipation rate ¢ » versus the resulting
change (particle size breakup trend for the resulting drop diameter) in the
resulting drop diameter>

Assuming that a dairy product is used to estimate its particle size breakup
trend, a liquid that simulates the dairy product has been provided. The
liquid that is provided to simulate the dairy product contains the milk
protein concentration (MPC, TMP (total milk protein)), rapeseed oil and

water. Its composition and ratio are presented in Table 1.

Table 1 Composition Ratio of Simulated Liquid for Milk Product

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

Water 87.5%

Total, 100%

Ratio Protein/Water 9.1%
Oil/Protein 56.3%

OglfWater 6.1%

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

[0060] The mixer performance was estimated by checking the particle size
breakup trend for the resulting drop diameters on the experimental basis.
The unit that employs the external circulation system as shown in Fig. 3
was provided, and the resulting drop diameters was measured on the
middle way of the liquid path by using the laser diffraction-type particle
size analyzer (SALD-2000 as offered by Shimazu Manufacturing Company).

[0061] In the present invention, however, it is found that as far as the

internally circulated mixer in particular is concerned, it is difficult to grasp
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- could be estimated that the value for Ke / Kc_sta (theoretical

val ue) woul d becone greater as the gap between the rotor and stator
was smaller. [0082] Wen the particle size breakup effect of the

m xer was cal cul ated on the basis of the actual experinmental results,
on t he thehertidadizé breskupurendHar thiserasalltiogofrage diametensawhaot thd
measur ed val ue) uld becone greater as the gap_was smaller. [0Q83]
For t h@arEicif sHeshias ke wead %ﬁé%galﬁsyiﬁlmgé#wr@aﬁw@rs i axamaned oy ¢

has begp confirmed %Pate t he &Cﬁ}hgal .measur ed val ue. and the ret][[c |
val ue &feEXRerRRent SRR Hi5i ¥ Re PEFATILA G Bh HLCHGE R R 1€ Gng'sO?

proved I Ly a xperimgntal |y that the perfor ce of, the

o vor ABaAEhAR o B X BT oMt W b Bo R 4T YRR ipd
Hol e Di -.af. I oy f i

of ¢ ho (20t Sfks R P ak o b8 Suficpiel Wod O BOLSr D RRPHRY,
[ 0085] tWbgiurBRtPFldpenenss {RolREPAKARG GhbesiatbPHich! i@ FikpEsdd Baki

trend) was cal cul ated by using the Equation 1 of the present

i nvent innef eidelef tivé Bfatiuse2 aaidadp aiedr By tHe SRirpRiul &N ghptéeakaq, frof the

could be estimated that the val ue of /| Ke_sta (theoretical val ue)
woul d Isézimre 2grantsdoss tine Figl 6. dMmat dheopetfoenstateonf ide snedinadly

[0086] When the particle size breakup effect of the m xer was

cal cul gtusglated meixegswesotharhdodbe wsitiveaped.i thist wlasr den¢ thy, wang e

other hand, it was found that the value of K/ Ke sta (actual

measur E8SWHE RDtaiesd dypesdmatirg dherexdernply ngrenlgtedranireropndeg the

t at | 1er.. [0087] Fqr the rel ationship bet th .

bet vecASEREHLIL LAk Abe ARtorallt Cgelaisn ieHeh COR PRa el ixer
val : i cal, val f 4/ K L d_exhisbi,t, th

i art S nletARRL AR ey iTadad BP0 SRR Uebeds"®

experi P&, - : : [
s the CRol -yt e LERPRIRBITIRD, LORAPLIStipHOHLS o PERPLF; Ssa
that tket@ifA0 cRbuldiedhateddARRN i9f Fideg stator is greater than
the effect of the gap between the rotor and stator. [0089] (Effect of
Hol e Nufbe629¢f Theat dihes r&estitive pEpforintagn drse af Rilokse) )hrEhenské s tweofe
t he hol e nunber of the stator (the opening area ratio) has been
veri fi edmpavedr €Blut tspegifigdticns aofe thbeavmixerki ghidd. wef@® 09 d henthehe
particle size hreakup effect (particle size breakup trend) of the
ni xer RAEPEsE etithisepraparigenisasigiven innkaldguati on 1 of the present
invention for deriving the total energy dissipation rate e a, it was
found that it could be estimted that the value of Ke / Ke sta
(theoretical value) woul d b@eosrangyaater as the hol e nunber of the
stator was greater. [OUYI] Wien [the parTi¢re gz breagnp effect was
cal cul ated on the basis of the adtual gxperi meptal resurmjf?é, on the
ot her hand, sddniasS found that thg vat gg of iKe 7 Re_std{actuat
neasur ed yalue) Woul'd bgrgme por egrer g tighotg—numrper—gf—tte stator
was greafer. OQ‘%& ﬁqu;pu;]heNrsl gtiogghi p hetwgen the ho4 nunber and
particl eysize,breakiln effgct pfor lthe sfaton, it was tonfi Led that
the act ugly 4 val ug;and the theqreti gal val ue fwoul d°exhibit the
simlar grLead. en, itgvgs pioved tt11e1§r etijcal |y and expg"ai mental |y
t hat thevpesfey mance of [t“}je m xer! woul d_becone hi gher as 't h

. LA ENLC S S 2 - [ P -3 U e A % aYe Yo i
nunber (Upelll Mg —arca rattroj—0or A\ qBLB\];é ngS—gttater— IRCASA~A-a N It 1s
found that the effect of the hol'e nunber-of ‘the stator was greater
than the effect of the gap between the rotor and stator. [ 0094]
(Effect of Inproved Performance of the existing (commercially
avai |l abl e) M xer)

{0063] The mixers A-1 and A-2 are offered from the same manufacturer,
and have the same capacity of 1.5 although they have the different sizes.

[0064] In Table 2, the gap volume v ¢ corresponds to the volume of the part
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The performances of the m xers that are comercially available from
Conmpany S and from Conpany A were conpared on the basis of the
Equation 1 of the present invention for deriving the total energy
dissipation rate E_a, the results of which are shown in Fig. 11. The
est i matoddho Aaped 1w¥tigi hed by estinmating the perfornance that can be

et A b N R T

[ [ . ' . in Fig.11. F

{he: m ABRE e e s AP & g e E Ae DR ity 5 Wi e
f . ' |y .1 ndex, f

P espoct s BeRE PR RO R Bl A R b B WM e B S e

are di if gl -of £ QINERE Pt fyixet B095] For the mi xer of Conpany S
(havi ng ?ﬁ% r ot or éﬁgnefér D 5?94 0 my, for exanple, it can be

t hought [pbeB] t' ke R&pbLiThentd1Zndifaky Rl f1RCtalehl£10dl $aTuleg &fithR total
ef fect (performance) can be expected to be inproved by about 3.5

ti nes kyergyddisgigatioe gap «Saleegiveanin Tebleo8.or and stator from 2 nm
to 0,5 mm increasing the hole nunber (opening area ratio) ns of the
stator from1l2 %to 40 % and reducing the stator's hole dianeter d
form4 mmto 3 mm This neans that the processing (running) tinme can
be reduced remarkably by about 30 % of the currently availale tine.

[ 0096] For the m xer of Conpany A (having the rotor dianeter D of 350
mm), on the other hand, it can be thought that the particle size
breakup effect or enulsification effect (performance) can be expected
to be inproved by about 2.0 tines by reducing the gap 5 between the
rotor and stator fromO0.7 mmto 0,5 mm increasing the hole nunber
(opening area ratio) ns of the stator from25 %to 40 % and reducing
the stator's hole dianeter d form4 mmto 3 mm This neans that the
processing (running) tinme can be reduced remarkably by half the
currently available tinme. [0097] (Configuration and Design of Hi gh
Per f ormance M xer) For the high performance m xer of the
present invention, there is a mxing section that will be forned as
the rotor is driven for rotation. The m xing section consists of
several m xing stages (at |east one or nore mxing stages) such as
one m xing stage located on the radially inner side and anot her

m xi ng stage located on the radially outer side. The m xi ng section
such as the one described here can provide the high perfornmance m xer
by inmproving the shear stress applied to the liquid being processed.

[ 0098 | For the high performance m xer of the present invention,
furthernore, the stators and the rotor are provided so that they can
be noved relative to each other in the direction in which the rotary
shaft of the rotor extends. Thus, the gap between the stators and the
rotor can be changed and adj usted accordingly while the rotor is
being rotated. This permts the shear stress applied to the liquid
bei ng processed to be changed and adj usted accordingly, and al so
permts the flowrate of the |iquid being processed to be changed and
adj usted accordingly. [0099] In addition, the high performance m xer
of the present invention includes a nmechanismthat allows the liquid
bei ng processed to be delivered (added) directly into the nulti-stage
m xi ng section descri bed above. Thus, the high perfornmance m xer can
be provided by allow ng this nechanismto cooperate with the

mul ti-stage m xing section. [0100] The configuration and structure
of the high performance m xer proposed by the present invention as
descri bed above nay be defined by using the m xer's perfornmance
estimation based on the total energy dissipation rate: a derived
fromthe Equation of the present invention as the index and by
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[0105] Specifically, the local energy dissipation rate E 1 and the
shear frequency f s.h are defined as follows: [0106] Local energy
dissipation rate E1: E1 [M/S31 = Fa U p v a Fa: Average Power
[Ni U Blade Tip Speed [nfs] p Density [kg/nR] Va: Emulsification
Contri butory Volune [1323] Average Power: Fa [N] =z a Sa z a:

Aver age Shear Power [N nR1l Sa: Shear Area [nR] Average Shear Power:=
Ph/ Q Ph: Emul sj fjcation Contributory Power [kW Q |Flow Rate [ne/hi
Emul si ficationmowes i ssipation: PR LkW =<Ph Pp An: Net Power [kW

Pp: Punp Powver| §kWS S8ear Fgeguency2f s, h [¥SIX= ngd n, Nn, ns:

Nurmber of Stat|@®| s ®ioPes n r Nunber "of Rotof} & Bl ades [ Bl ades) N
Nunmber of Rotaltifons El/s] =
o3
<% 1w g
5 8288 293 zegy 8¥Yy
§ SR3 Ju= SoSs XXX
% = r I~ S e
3
=
§H
=% 888 233 8%k 223
=R g T S oo 3 X%
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fly: Volune of Stator's Hole [nB] Shear Area: Sa [n2] = Sa + Si Sa:

Hol e Cross Section Si: Hole Side Area [nm2] Hole Cross Section: Sa

[mM2] =it /4 d2 d: Stator's Hole D aneter Hole Side Area: Si [nR] = c

d11: Stator Thickness [n gDi rect Injection (Adding Mechani sm for

Di rect i dROBH]l elnt Tohlergpeipre the omlueef Eég%éKgs‘ i$ eqwahtemeweitian GA,
ng the total energy tion rate E a derived

h b i di ssi
1E r gtn ? rc{gaut&tsﬂ}a{si '515%; @qnﬁ%@%%éﬁpendeéhﬁégg §§ thigezam e Eredi@ s them thee
| t tai ned b i.fyjng th i mation, it.h
Loen' | Sandemnatiopndepanirat dlein Ky fBEithe' Srttot: VoheR e Particld duze

f b fected mainly by t | e di anet. nb f
P o TR R e oL TRE s Bhfl oheltpb Bl sl T 1 s MR o

[ 0107] el sif ' j r.Sd; .
i ect Rarrop P EeLH B GRLYR (i SR ARALIATLEADAA BELL ROTRA: AEEE
conponenss & gtdifel i@l QbmeRhitingl Nto the mxing section (m xer

porti o%a. Particularly, the errulgsi fication or dispersion nay be

per f or nf00p8¢! Framathiel walbys bfitke tofid drrege d@@srpaﬂi@htl&taisragﬁtelsyntd& th
the first-stage stator (the stator which is |located i nwardly

radi al ITahle dndt taeresthmateditlsaf tleapboticler side dpeakupreffory voenlddsdconned
on the full scale basis on the second-stage stator (the_ stator which
i s | ocdtigbenaswhediap 0 o tbe|m @ik npirawiesrart apithh munber pémetations
St at or) From the performance estimation of the m xer in which the
total dpetly stri9silsarPaletate e a is used as the index and fromthe

et i mat KDHES] FPs 256 TFER 401 KR R A o R e e A P @<bi e
e AR e e TR BPTRE LRG0 O i I thTintl (R TR g 3

th ) . | . J i X i . Lt i
2l 0t BhAgChEr hae in AR b nd AR TR PR AR Mifmet bt B

of thethehQireseRtalas Fig. greater. [0109] Although it has been
descri bed above that the particle size breakup or enulsification

per f or mi6080] efitf wcialsovolindbgh stntienpadtiake tire lnap kgt vifert (frarticdé @ize

and stator is smaller, it is found fromthe current verification test
t hat t feephnpimiromnancdr walt bpcomeehighsirfif dhshow spref sammanrendefs Hog )
will be affected | ess by the hole dianeter or hole nunber of the

st at or estipgateg) F@Jtllﬁzér,(theonestxl@llsofaflbg;}d qhtaineheby itdhet hwtal sknerg
the rotor .and. the statqor will en each ather if the gap i

smal | erISSARBROPNER TR 4 g SOty AN HcHh BaR0 10 BhImaied, 15 $malhforathe
the stator,to ST e]g along the rotary shaft of the rotor while the
m xer insuI?B?th 8 (’6%3 1zgflisng). Thus, the gap (cl earance) between the

1011 207 i L AR L5, UL
the gap,gheiled AL e LEShibARBhArOWHA the processing (mixing) time being
plotted along the horizontal (X) coordinate axis, it is found that the change
in the resulting drop diameter (particle size breakup trend) cannot be
expressed (estimated) in the consistent manner.
[0072] Now, for the mixers A-1 and A-2, the relationship (particle size
breakup trend) between the total energy dissipation rate ¢ , as proposed by
the present invention and the resulting drop diameters is presented in Fig.
6. When the experimental results are arranged or organized into the

graphical chart with the total energy dissipation rate ¢ , being plotted along
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[0111] In the current verification test, it is found that there is
the risk that the powdery raw material or the like wll cause
clogging if the hole dianeter of the stator is less than 2 nm Wen
the powdery raw material or the like is to be enulsified while it is
to be dhedinizental{X) sopatingte ants, hoveeves) ¥ miaarhst foursk thatethet chamgd s

about 2 to 4 pm 0112] Althoygh the shearing frequency wll
becgme 1ﬁr§rﬁrrea§1fmg fﬁf&ﬂﬂe dllﬁwéer R&p@rﬂ%m&? eHZ@ grtlie@i&%@f tt%@)s@% dre
is greater %}E&e r obl )i.s he strength .of the opening portion of the
st at or BXPReE {ﬁ%it’d?agq’ra 0 e GPBRT AL AT EE ARPB i n npst cases is
eneral | : % - current verification.test, h ver,. it
o oundOPR A SPREARLEG it B SR IR A5l ihE bR it F e SE BB e
refer boy, 0:1% Bor 8 0 9 .
D1 of or by Ao S o By BreRLEHERL IR SRSt UL BepRippspmalien
(Opt i mak ghiod 1R s KO 134 HAY 'tﬁ@r@?naé}aﬁé %‘)&1@5@%@%@&1 the LEARGES cbRd B

D aneter and Sane Qpening Area tio is better that the stator's

hol e slithd dumelber bheotaaivits sAAftheumakingntined)haid thamihe cafidweition
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It go. 0 t+&90between the total energy dissipation rate ¢ , proposed by the present

invention and .the resulting drop diameters is presented in Fig. 7. From
this relationship, it is found that the resulting drop diameter depends
largely upon the values (magnitude) of the total energy dissipation rate ¢ ,
regardless of the difference in the mixer’s scale (size).

[0076] )From Fig. 6 and Fig. 7, it may also be found that the particle size
breakup effect will exhibit the similar trend regardless of the difference in
the mixer’s scale.

[0077] <The estimation of mixers using the total energy dissipation rate

£ 2

Now, the estimation of the mixer of the rotor-stator type using the
Equation 1 of the present invention for deriving the total energy dissipation
rate ¢ ,, or more particularly the estimation of such mixers with the particle
size breakup effect (the particle size breakup trend) being used as the index
will be described below.

[0078] In the case where there are any differences in the size of the gap
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between the rotor and stator, the size (hole diameter) or configuration (hole
number) of the opening (hole) of the stator or the like, the effect that each
respective factor (each item) may have upon the performance of the stator of
the mixer has been verified (estimated). The information regarding the
mixer using that verification (estimation) is summarized in Table 4.

[0079] Note, however, that in estimating the performance of the actual
mixer, the value of K. / K¢ _sa that may be obtained by normalizing the
configuration dependent term K. with K. of Stator No. 3 (the standard
stator) was used. This means that the particle size breakup effect will
become higher (that is, the high performance mixer will be achieved) as this

value for K. / K¢ _steq s greater.

Table4d Summary of Stator

No | Oy [RatoofOpening  Gap
. [mm] [%] (mm]
1 1.5
2 2
24 1
3 4
4 6
5 12
4 1
6 35
7 0.
4 24 0-5
8 2

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

[0080] (Effect of the Gap between Rotor and Stator)

The effect of the gap between the rotor and stator has been verified
(estimated), the results of which are shown in Fig. 8.

[0081] When the particle size breakup effect (the particle size breakup
trend) was calculated by using the Equation 1 of the present invention for

deriving the total energy dissipation rate K. / K. sta, it was found that it

-27-



| go-aon Itgn | 90-HOM | two 1000'1 Round Cross Section
90- 29W 0091 90-a0Vt O 400 0001 T

could be estimated that the value for K. / Ke sta (theoretical value) would
become greater as the gap between the rotor and stator was smaller.

[0082] When the particle size breakup effect of the mixer was calculated on
the basis of the actual experimental results, on the other hand, it is found
that the value of K. / Kc_sta (actual measured value) would become greater as
the gap was smaller.

[0083] For the relationship between the gap between the rotor and stator,
it has been confirmed that the actual measured value and theoretical value
of K¢ / Kcsta would exhibit the similar trend. Then, it was proved
theoretically and experimentally that the performance of the mixer would
become higher as the gap was smaller.

[0084] (Effect of Hole Diameter of Opening of Stator)

The effect of the hole diameter of the stator was verified, the results of
which are shown in Fig. 9.

[0085] When the particle size breakup effect (particle size breakup trend)
was calculated by using the Equation 1 of the present invention for deriving
the total energy dissipation rate ¢ ,, it could be estimated that the value of
Ke/ Kesta (theoretical value) would become greateras the hole diameter of
the stator was smaller.

[0086] When the particle size breakup effect of the mixer was calculated on
the basis of the actual experimental results, on the other hand, it was found
that the value of K¢ / Kc_sta (actual measured value) would become greater as
the hole diameter of the stator was smaller.

[0087] For the relationship between the gap between the rotor and stator,
it was confirmed that the actual measured value and theoretical value of K,
! Kc sta would exhibit the similar trend. Then, it was proved both and
theoretically and experimentally that the performance of the mixer would
become higher as the hole diameter of the stator was smaller.

[0088] It is found that the effect of the hole diameter of the stator is
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greater than the effect of the gap between the rotor and stator.
[0089] (Effect of Hole Number of Stator’s Opening (Opening Area Ratio))
The effect of the hole number of the stator (the opening area ratio) has
been verified, the results of which are shown in Fig. 10.

[0090] When the particle size breakup effect (particle size breakup trend)
of the mixer was calculated on the basis of the Equation 1 of the present
invention for deriving the total energy dissipation rate ¢ ,, it was found that
it could be estimated that the value of K¢ / K¢ sta (theoretical value) would
become greater as the hole number of the stator was greater.

[0091] When the particle size breakup effect was calculated on the basis of
the actual experimental results, on the other hand, it was found that the
value of K¢ / K¢_std (actual measured value) would become greater as the hole
number of the stator was greater.

[0092] For the relationship between the hole number and particle size
breakup effect for the stator, it was confirmed that the actual measured
value and the theoretical value would exhibit the similar trend. Then, it
was proved theoretically and experimentally that the performance of the
mixer would become higher as the hole number (opening area ratio) of the
stator was greater.

[0093] It is found that the effect of the hole number of the stator was
greater than the effect of the gap between the rotor and stator.

[0094] (Effect of Improved Performance of the existing (commercially
available) Mixer)

The performances of the mixers that are commercially available from
Company S and from Company A were compared on the basis of the
Equation 1 of the present invention for deriving the total energy dissipation
rate ¢ a, the results of which are shown in Fig. 11. The estimated values
obtained by estimating the performance that can be expected to be improved

when the configuration of the mixer of the present invention is modified on
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[0095] For the mixer of Company S (having the rotor diameter D of 400
mm), for example, it can be thought that the particle size breakup effect or
emulsification effect (performance) can be expected to be improved by about
3.5 times by reducing the gap § between the rotor and stator from 2 mm to
0,5 mm, increasing the hole number (opening area ratio) ns of the stator
from 12 % to 40 %, and reducing the stator’s hole diameter d form 4 mm to 3
mm. This means that the processing (running) time can be reduced
remarkably by about 30 % of the currently availale time.
[0096] For the mixer of Company A (having the rotor diameter D of 350
mm), on the other hand, it can be thought that the particle size breakup
effect or emulsification effect (performance) can be expected to be improved
by about 2.0 times by reducing the gap 6 between the rotor and stator from
0.7 mm to 0,5 mm, increasing the hole number (opening area ratio) nsof the
stator from 25 % to 40 %, and reducing the stator’s hole diameter d form 4
mm to 3 mm. This means that the processing (running) time can be reduced
remarkably by half the currently available time.
[0097] (Configuration and Design of High Performance Mixer)

For the high performance mixer of the present invention, there is a
mixing section that will be formed as the rotor is driven for rotation. The
mixing section consists of several mixing stages (at least one or more mixing
stages) such as one mixing stage located on the radially inner side and
another mixing stage located on the radially outer side. The mixing section

such as the one described here can provide the high performance mixer by

improving the shear stress applied to the liquid being processed.
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[0116] Fromthe conparison of the configuration factors in Table 5,
it is clear that the performance is equal both for the square and
round configurations. For the square configuration, however, nore
time and | abor would be involved when it is worked. Thus, it may be
t hought [tOR8 { h&orothe beglti pexfarivemoni Ithixerowif dehe hpregsmitmahvention,
particle size breakup or emul sjfication perfornmance and workability.
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[0100] The configuration and structure of the high performance mixer
proposed by the present invention as described above may be defined by
using the mixer’s performance estimation based on the total energy
dissipation rate: ¢ 5 derived from the Equation of the present invention as
the index and by referencing the estimation results that may be obtained by
mixer’s performance estimation. The summary of the high performance
mixer that may be designed by using the above definition is presented in
Figs. 12 through 16.

[0101] (Moving Stator (Movable Fixed Stator))

When the emulsified products are manufactured by dissolving (mixing) the
powdery raw material or liquid raw material with the mixer of the
rotor-stator type, and if the powdery raw material is processed by the mixer
as the air that has been drawn with the powdery raw material remains not
separated from the powdery raw material, fine air bubbles will be mixed

(produced) into the mixed liquid. If the mixed liquid is emulsified as it

contains those fine air bubbles, it has been known that the particle size
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breakup or emulsification performance (effect) will become worse as
compared with the case where the mixed liquid that contains no such fine
air bubbles is emulsified.

[0102] In order to prevent the fine air bubbles being produced at the initial
stage of dissolving the powdery raw material, it is desirable that the mixer
should be equipped with a moving stator mechanism. When the emulsified
product that is easy to produce the fine air bubbles in particular, it is
desirable that the mixer should be equipped with the moving stator
mechanism. By moving the stator away from the rotor at the initial stage of
dissolving the powdery raw material, the powdery raw material can be
diffused into the mixed liquid quickly without causing the high energy to be
dissipated. By bringing the stator closer to the rotor after then, the
dissolving, particle size breaking up and emulsifying process can occur
smoothly.

[0103] (Multistage Homogenizer (Multistage Emulsifying Mechanism)

As described above, it is confirmed that the particle size breakup or
emulsifying performance (effect) can become better as the value of the total
energy dissipation rate ¢ 5 derived from the Equation 1 of the present
invention is greater.

[0104] Here, the total energy dissipation rate ¢ acan be expressed in terms
of the product of the local energy dissipation rate ¢ 1 and shear frequency f
s,h. In order to enhance the shear frequency f s, it can be thought that it is
effective that the stator has the multistage configuration when the particle
size breakup or emulsification occurs. Specifically, the high performance
mixer can be implemented when the two-stage or multistage stator is
provided.

[0105] Specifically, the local energy dissipation rate ¢ 1 and the shear
frequency f s n are defined as follows:

[0106] Local energy dissipation rate ¢ 1: ¢ 1[m2/s3]1 =F,Ul/p va
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F.: Average Power [N]
U: Blade Tip Speed [m/s]
o : Density [kg/m?2]
Va: Emulsification Contributory Volume [m3]
Average Power: Fo [Nl = ©.8.
1, Average Shear Power [N/m?]
Sa: Shear Area [m?]
Average Shear Power: t,= Pw/Q
Py Emulsification Contributory Power [kW]
Q: Flow Rate [m3/h]
Emulsification Power Dissipation: Pn [kW] =P,- P
Pn: Net Power [kW]
Py: Pump Power [kW]

hel

Shear Frequency fsn [1/s] = na nr N/n;
ns: Number of Stator’s Holes
n ,: Number of Rotor’s Blades [Blades)
N: Number of Rotations [1/s]
nv' Volume of Stator’s Hole [m?]
Shear Area: S, [m2] = Sq + S;
Sa: Hole Cross Section
S1: Hole Side Area [m?]
Hole Cross Section: Sq [m2] = = /4 d2
d: Stator’s Hole Diameter
Hole Side Area: S; [m?]= =d 1
1: Stator Thickness [m]
(Direct Injection (Adding Mechanism for Direction Injection Type))
From the mixer’s performance estimation that occurs by using the total
energy dissipation rate ¢ . derived from the Equation of the present

invention as the index and from the results obtained by verifying that
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[0107]

Thus, the emulsification or dispersion can be performed more effectively by
injecting {(adding) fats, insoluble components, trace components or the like
directly into the mixing section (mixer portion). Particularly, the
emulsification or dispersion may be performed preliminarily by injecting
those components directly into the first-stage stator (the stator which is
located inwardly radially), and then the emulsification or dispersion may be
performed on the full scale basis on the second-stage stator (the stator
which is located outwardly.

[0108] (Configuration of High Performance Stator)

From the performance estimation of the mixer in which the total energy
dissipation rate ¢ , is used as the index and from the results that are
obtained by verifying the above performance estimation, it is found that the
mixer’s performance will be enhanced when the hole diameter of the
opening portion (hole) of the stator is as small as possible, the number of
holes is as many as possible, and the gap between the rotor and stator is as
small as possible. It is also found that the shear frequency will become
higher as the number of the rotor’s blades is greater.

[0109] Although it has been described above that the particle size breakup
or emulsification performance (effect) will be enhanced as the gap hetween
the rotor and stator is smaller, it is found from the current verification test
that the particle size breakup or emulsification performance (effect) will be
affected less by the hole diameter or hole number of the stator.

[0110] Rather, it is also found that there is the risk that the rotor and the

stator will engage each other if the gap is smaller. When the moving stator
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[ 0121] The results that were obtained by exam ning the relationship
between the total energy dissipation rate: E a derived fromthe
Equati on of the present invention as described above and the
resulting liquid drop diameters (the Earti cle size breakup trend) are
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0 O 1- hy6R0rathd HPChoSt Coised id gchdi@DycagLp {£)36-R. In the current
verification test, however, it is found that the opening area ratio should be
equal to above 15%, preferably above 20 %, more preferably above 30 %,
much more preferably above 40 % or most preferably 40 % to 50 %.

[0113] (Optimal Hole Configuration of Stator as Compared in respect to
Same Diameter and Same Opening Area Ratio)

It 1s better that the stator’s hole should have the round configuration
rather than the saw teeth configuration. It is known that the local energy
dissipation rate ¢ a is in proportion to the shear area S,. Given the identical
sectional area, therefore, the shear sectional area S, for the round
configuration becomes the greatest. It can be thought that the particle size
breakup effect or emulsification performance will be performed more
effectively for the round configuration than for the saw teeth configuration.

[0114] The total energy dissipation rate ¢ » has been calculated for the

mixer in which the opening formed in the stator has the different

configurations such as the round, square and rectangular with the other
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[0115] More specifically, the number of holes will become greater and the
shear cross sectional area will also become larger for the round or square

configuration than for the saw teeth configuration (rectangular cross
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sectional area), provided that those configurations have the same hole
diameter and opening portion area. Thus, the total energy dissipation rate

£ a will also become higher, and the particle size breakup or emulsification
performance for the mixer will become better for the round or square
configuration of the opening portion.

[0116] From the comparison of the configuration factors in Table 5, it is
clear that the performance is equal both for the square and round
configurations. For the square configuration, however, more time and labor
would be involved when it is worked. Thus, it may be thought that the
round configuration will provide the optimal particle size breakup or
emulsification performance and workability.

[0117] (Number of Rotor’s Agitating Blades)

From the aspect of the higher shear frequency, the rotor’s agitating blades
will become better as its number is greater. If the outlet flow rate is
decreased, however, the number of flow circulations through the tank will
be reduced. As a result, the particle size breakup effect or emulsification
performance can become lower. From the theoretical equation as defined
previously, it may be understood that the total energy dissipation rate ¢ 4
will become higher as the number of the rotor’s blades is greater. Generally,
the rotor includes six blades, but it is clear that the particle size breakup or
emulsification performance (effect) may be increased by about 1.3 times
simply by providing eight blades for the rotor.

[0118] (Scaling up the Mixer)

The scale up method may be utilized by performing the verification test
while using the index (theory) as proposed by the present invention.
Particularly, the scale up method will be useful if the processing (mixing)
time is taken into consideration.

[0119] (Comparison between the existing mixer and the inventive novel

mixer)
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- chart with the processing (mxing) time being plotted along the X
coordinate axis, it is found that the change in the drop dianeters
(particle size breakup trend for the drop di anmeters) cannot be
expressed gesti mat ed) consistently. [0133] Now, for the mixer C
(Stator [R320] tAt sresent, Nbe Blixen thaplinclndeshider &atuires i ‘he papving e
si ze breakup trend) between the total energy dissjpation rate E a to
be obt &#ed Bsatwe, Eeariudhistagr homogeadiar iangl/ox diheidiavpet argciian” is

B T angt v sile: SEanekils hEYErAMH IRt ARar BIRF KL g ueopFige]
rangef VU Zedphe it Ch S hdsr Bes

har o RS Rl 1 SRB bR pBPRIS AR sy aml e pbRH

et i 27505 SPEIRREK Glou A Ry R TORRE AT HNRE SPiaBRRRoLRL e,

f ol | oWgpnfhi8ved Binh @¥sifiéA56n 3 bérﬂa%rsﬁgé ibygak@;;f%rmwgﬂcé gﬁre%tﬁr e

differences in the mxer's running condition (the nunber o

rotati ofi9l2m)xThg iédls amditt hers ostitagusdt b rex@imitiasntXe relg8bnship
stator's hole dianeter, stator's opening area ratio). [0135] That
is, itbetwebndmecinibl emedgy Idassiphtionatatk: enedgyved {simathcoRquat®nbof
that can be obtained by the Equation 1 of the present invention may
serve &betpresendednvemitorcas descsbadt abest iamak ¢he heesvilidag biguithedrop
rotor-stator type in particular, when the differences in the mxer's
runni n§1RBGERES &hewt%ﬁﬁi@bmﬂlﬁw srend g gigpadalewsi st ent | .

[ 0136] jxers Dand.E in Table 7, the relationship article
si ze brgﬁig%ilt ihis %@mw@?ﬁlqmé%@ﬁgﬁeéﬂe?wf HhS BHFST MeRFeconapared in
t hat can_be.o i ned by the Equation of e present, ipvention a t he
ooul ¢ PR ol Alelf Sedlediie FARIRh, TAF AR e AL {iRpsr e
t he dr i ( Liude) . f t I

ener gy res TRy Fap ORENEE O MoK MAA BRI ks gRlal (0" T such,,
may hayg tshe odid fienment ferraghpleUahdathe@atidr Z00d it Bfsat ANRHYOPF
di anmeter has the simlar trend even though the scale (Size) of the
m xer opediddeliarits) 1 ({1 a0mb®r of bgemingsr:snof 20heuthtr nstaDio 5POE
in which the gap id between the rotor 3 and stator 2 is larger (8 >
| nm efer eSamp2eto | Om), and the number of openings (holes) 1 for

t he staior 2_.is larger (ns > 20, eﬁ%. us = 50 to 5008%#5 it can be
t hought L9133 tIme the @rammatiom sescribrdrabevn i5eshsudde moteg thgteldiong

g o T bt Ao b B2 8l bk °
D) ConS e R ek e B S R P R AP
oDp 203, L BIB9S IVIFEDY g
1 qui a e bart R e R Blls RluagSePARARRL RAUMATARICQIE ETrow

(eval uasedlt Ptheatidded wayl st Botwopath QReE e 86 SHPBY W@ng 3h8lafe@
being plotted along the horizontal axis. [0139] By the above

exanm ndiffonctandiypiee gabyicidh esizavemilgrzeof (IAED 2 @3@ iffapd ibyaShomazt
has been recogni zed that there is a nearly linear relationship

bet weeMamefactuzinge forpgyratiss), pand dher paeticlE aizehhreadarp Heendtfai ndad
by the Equation of the present invention as described and the

resul t regaltingiilinwidogrer ahemeeters yossojamieelide prders tai éstimate the
derive the, experinental equation that can be trusted statistically,
the est¥¥Rflion of the liquid drop dianeters has been nmade by using

exper | nhR ATy e R Bt Y 55e 88 opaPPaI e S ER B EER haeineny
the Eayal i ey BY SUCPIRRbe), MEH A0 e LA TR 0864 U5 B00VS: 107

kiloliters) ware used in this embodiment, and the summary for those three
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[0146] Now, the high performance m xer will be described in general

terns by using Figs. 15 to 19, wherein the total energy dissipation
rate E a that may be derived fromthe Equation 1 as proposed by the
present invention is may be used as the index, the performance

est i matmixersdy peeseaded by Wsbley 7t HEhose tbree mixers e offered fiven the
hi gh- performance_ m xer's caonfiguration may be defined by the

verifi catiomanigctaras, rd e ﬁﬁa#ﬁhlﬁe0@§¥xﬁmmm;'cwddnanbet- For the

hi gh- perf ormance m xer be.desj gned on .t he_basi f that, .

defi ni CRBRY C. R FAOThSTATOEN G| Fhath GFaNO<Daearh ) s inrdifiasent
by the.present i ntion nmay .be characteri zed by.the fact t.hat, it
compr | ABHE s of Ve R 4B A ST o BB LR G ARG 1 1y
of opening portions (holes) and a rotor disposed on the inner side of
the stator and spaced by a particular gap away fromthe stator. The
ot her conponents are the sane as those included in the conventional

m xer of the rotor-stator type. In the foll ow ng description, one
typi cal exanple of the m xer unit 14 of the m xer according to the
present invention is provided. [0148] The m xer unit 14 in the m xer
of the rotor-stator type according to the present invention includes
the rotor 13 and stators 12, 22 each having the construction as shown
in Fig. 15 and Fig. 16. [0149] Each of the stators 12, 22 has a
plurality of round-shape opening portions 1la, Ilb like the stator 2
in the conventional m xer unit 14. [0150] The stators 12, 22, the
stator 22 of which is dianetrically greater then the stator 22, may
be arranged co-centrically around the m xer unit 14 as shown in Fig.
17 (a). [0151] The rotor 13 which is disposed on the inner side of
the stators 12, 22 and spaced by the particular gap away fromthe
stators 12, 22 has a plurality of agitating blades extending radially
fromthe rotary shaft 17 around which the rotor 13 rotates. In the
enbodi mrent shown, eight agitating blades 13a, 13b, 13c, 13d, 13e,

13f, 13g, 13h are provided. [0152] Each of the agitating bl ades 13a
to 13h has a |l ongitudinal groove 15 that has the sane dianeter

bet ween the center and the outernost end 16 in the radial direction
thereof. [0153] Wen the m xer unit 14 is to be forned as shown in
Figs. 17 (a) and (b), the stator may be fitted into the |ongitudinal
groove 15 on each of the agitating blades 13a to 13h. Then, the gap
6 2 may be forned between the wall surface 16a on the radially
outernost end 16 of each of the agitating blades 13a to 13h and the

i nner peripheral wall surface 22a of the stator 22. Gaps may al so be
formed between the outer circunferential surface 15a in the

| ongi tudi nal groove 15 of each of the agitating blades 13a to 13h and
the inner peripheral wall surface 12a of the stator, and between the
inner circunferential surface 15b in the |ongitudinal groove 15 of
each of the agitating blades 13a to 13h and the outer peripheral wall
surface 12b of the stator 12. [0154] It may be understood fromthe
above that the mxer unit 14 in the m xer of the rotor-stator type
according to the present invention has the construction in which the
rotor is disposed on the inner side of each of the plurality of
stators each having a different dianmeter and spaced by the particul ar
gap fromeach of the stators. [0155] Wen the rotor 13 is rotated
about the center of the rotary shaft 17 as indicated by the arrow 20,
the two - stage m xing sections including the mxing section |ocated
inwardly radially and the m xing section |ocated outwardly radially.
This multistage m xing structure can provide the high performance

m xer. Mre specifically, the shear stress that is applied to the

| i qui d bei ng processed can be inproved by providing the nmulti-stage
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[0160] After the above step,
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Manuf acturi ng Corporation), and the particle size breakup trend of
the resulting liquid drop diameters was exam ned. [ 0174] As used
for the testing purpose, the dianeter of the stator 2 included in the
prior art mxer and the diameter of the stators 22 included in the

m xer oft 4138 hdasdable ket ilonnafes bek oy mpening awier rabioodc is rdwe
by usi the butter emulsified |iquid having the conpgsition ratio
shown iRmERsienlesy qUARLLLY HappbsmaasHreRdn; ermg O%@h@oﬁlx PRANINZaATeE v

gé\-BI-OSNE'a 1%5 =t(§r$er hglege?rezag)%SnuA'rhggr gf 9131955') %tapgalpseggr a%ié Iarlr']eg/’l’ .l k'5.16

[0126] The experimental conditions and the values calculated for the total
energy dissipation rate ¢ , under the running condition are presented in

Table 8.
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[0175] The results obtained by the testing are presented in Tables 10
and 11, and in Figs. 20 through 25. It may be appreciated from Fig.
20 that the particle size breakup trend provided by the m xer of the
present invention is equivalent to that provided by the prior art

m xer but can be achieved in the tine as half as the prior art m xer.
It may al so be Eppreciated froﬁ1Fig. 21 that the m xer of the present
invention provifles &he liquid ¢drop dianeters that have |ess

vari ations than thegprigg agt pixer, and it may al so be appreciated
fromFig. 24 (c)®that tkBe nmXxef of the present invention provides the
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pass Particle Size to in) Tine Mean Particle Size standard DecoMh
Medi an Dianmeter m*ls Dianmeter [see] PriorArt 5 5.880 0.334 7.142
9.219 19.8

[0127] Since the values for Kg / (K; + Ks) range between 0.1 and 0.3 as
seen from Table 8, the configuration dependent term K, for the stator will be
greater than the configuration dependent term K, for the gap. For the mixer
C in Table 7, therefore, it is found that the particle size breakup effect for
the opening portion 1 on the stator 2 is greater and more dominating.

[0128] As it is clear from the value for K./ K¢ _sta which is normalized by Ke
for the stator No. 4 in Table 8, it can he estimated that the particle size
breakup effect will become higher as the number of the stator is greater.

[0129] For the mixer C (Stator No. 1 — Stator No. 5), the relationship
(particle size breakup trend) between the processing (mixing) time and the
resulting drop diameters under the mixer running condition in Table 8 is
shown in Fig. 12.

[0130] It is found that the particle size breakup effect (particle size
breakup performance) exhibits the same trend as the values to be estimated
by K¢/ Ke_stain Table 8 and the particle size breakup effect, and is higher for
any of Stator No. 1 to Stator No. 5 when the values for K. / Kc_stqa are large.
When the processing (mixing) time under mixer’s running conditions is
thought to be adequate, 1t is found that the area ratio of the opening is good
when it is above 0. 15 (15%), preferably above 0.2 (20%), more preferably
above 0.3 (30%), much more preferably 0.4 (40%), or most preferably 0.4 to
0.5 (40 to 50%). Thus, it is better to consider the strength of the opening for
the stator.

[0131] For the Stator No. 3 and Stator No. 4 that have the equivalent
values for K. / Kc_siq, they show the equivalent particle size breakup trend.
When the mixer’s performance is estimated by the values for K. / Kc_gq and
the values for the total energy dissipation rate ¢ , that can obtained by the
Equation 1 of the present invention, therefore, it is found that the trend can
be explained not only quantitatively but also qualitatively.

[0132] When the experimental results are arranged into the graphical
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10 5.149 0.329 6.314 7.486 39.6 15 4.677 0.316 5.784 7.486 59.3
| nvention 5 4.370 0. 322

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

[0133] Now, for the mixer C (Stator No. 1 to Stator No. 5) in Table 7, the
relationship (particle size breakup trend) between the total energy
dissipation rate ¢ , to be obtained by the Equationl and the resulting drop
diameters 1s presented in Fig. 13.

[0134] When the experimental results are arranged or organized into the
graphical chart with the processing (mixing) time being plotted along the X
coordinate axis, it is found that the change in the drop diameters (particle
size breakup trend for the drop diameters) can be represented (estimated)
consistently. As this is explained specifically, it is found that the drop
diameter follows the similar trend and is decreasing, even though there are
differences in the mixer’s running condition (the number of rotations,
mixing time) and the configuration of the mixer (gap, stator’s hole diameter,
stator’s opening area ratio).

[0135] That is, it has been confirmed that the total energy dissipation rate
€ a that can be obtained by the Equation 1 of the present invention may
serve as the index that can be used to estimate the mixer of the rotor-stator
type in particular, when the differences in the mixer’s running condition
and configuration are considered consistently.

[0136] For the mixers D and E in Table 7, the relationship (particle size
breakup trend) between the total energy dissipation rate ¢ » that can be
obtained by the Equation of the present invention and the resulting drop
diameters is presented in Fig. 14. It 1s found that the drop diameter
depends on the value {magnitude) for the total energy dissipation rate ¢ 5
even though the scale (size) of the mixer may have the different capacity
such as 200 to 700 liters. The drop diameter has the similar trend even

though the scale (size) of the mixer is different.
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[01837] For the mixers of the rotor-stator type in which the gap § between
the rotor 3 and stator 2 is larger (6> 1lmm, e.g. §= 2 to 10mm), and the
number of openings (holes) 1 for the stator 2 is larger (ns > 20, e.g. ns= 50 to
5000), it can be thought from the above that those mixers can be scaled up
by agreeing with the values (magnitudes) of the total energy dissipation
rate ¢ o that can be obtained by the Equation 1 of the present invention and
by considering that there are the differences in the mixer’s running
condition and configuration consistently.

[0138] It may be appreciated from the above description that the changes
in the relationship between the total energy dissipation rate:e a to be
derived from the Equation of the present invention and the resulting liquid
drop diameters (particle size breakup trend) can be described (evaluated)
collectively with the total energy dissipation rate: ¢ , being plotted along the
horizontal axis.

[0139] By the above examination conducted by the inventor of the present
application, it has been recognized that there is a nearly linear relationship
between the total energy dissipation rate: ¢ ; that can be obtained by the
Equation of the present invention as described and the resulting liquid drop
diameters.

[0140] Because it is difficult to derive the experimental equation that can
be trusted statistically, the estimation of the liquid drop diameters has been
made by using the relationship between the liquid drop diameters obtained
experimentally and the total energy dissipation rate: ¢, obtained by the
Equation of the present invention.

[0141]As described above, the total energy dissipation rate: ¢ . obtained by
the Equation of the present invention may be divided into the configuration
dependent terms and other manufacturing conditions (including the time).
The total energy dissipation rate: ¢ » will become larger as the configuration

dependent term (time) with the manufacturing condition term being fixed is
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Prior Art Prequency N [Hz] "Ittratgas [rpml Flow rate rrn3/hl
CurrentAlthm[Al Ibrtitke [N n] Shaft Drim Power PQTPI knver [kWL[kw
| "Inula thntauSn Thmer [KWNOQta5 10 360 7 5.04 12 0.5
larger. The result is that the liquid drop diameters will be smaller under the
same manufacturing condition (time).

[0142] As this is described specifically, the particle size diameters can
actually be measured under certain manufacturing condition, and the value
for ¢ » can then be calculated. By this experiment, the value for ¢ 5 that is
required for obtaining the particular liquid drop diameters can be
determined.

[ 0143 ] By comparing the value for ¢ » obtained when the mixer’s
configuration has been changed and the magnitude for ¢ 1 before the mixer’s
configuration will be changed, the trend of decreasing the liquid drop
diameter after the mixer’s configuration has been changed will be able to be
estimated.

[0144] Although the equation described before and the experimental
equation that can be highly trusted statistically are not available, it will be
possible to estimate the trend of decreasing the liquid drop diameters by
considering the effect of the mixer’s configuration on the liquid drop
diameters.

EMBODIMENTS

[0145] Several preferred embodiments of the present invention and some
of the examples thereof will now be described with the particular reference
to the accompanying drawings. It should be understood that the present
invention is not restricted to those embodiments and examples, but the
preferred embodiments may be modified in numerous ways without
departing from the technical scope defined in the appended claims.

[0146] Now, the high performance mixer will be described in general terms
by using Figs. 15 to 19, wherein the total energy dissipation rate ¢ , that
may be derived from the Equation 1 as proposed by the present invention is
may be used as the index, the performance estimation may be made by

using the value ¢ 5 as the index, the high-performance mixer’s configuration
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may be defined by the verification results of the performance estimation,
and the high-performance mixer may be designed on the basis of that
definition.

[0147] The mixer of the rotor-stator type as proposed by the present
invention may be characterized by the fact that it comprises a mixer unit 14
that includes a stator having a plurality of opening portions (holes) and a
rotor disposed on the inner side of the stator and spaced by a particular gap
away from the stator. The other components are the same as those included
in the conventional mixer of the rotor-stator type. In the following
description, one typical example of the mixer unit 14 of the mixer according
to the present invention is provided.

[0148] The mixer unit 14 in the mixer of the rotor-stator type according to
the present invention includes the rotor 13 and stators 12, 22 each having
the construction as shown in Fig. 15 and Fig. 16.

[0149] Each of the stators 12, 22 has a plurality of round-shape opening
portions 11a, 11b like the stator 2 in the conventional mixer unit 14.

[0150] The stators 12, 22, the stator 22 of which is diametrically greater
then the stator 22, may be arranged co-centrically around the mixer unit 14
as shown in Fig. 17 (a).

[0151] The rotor 13 which is disposed on the inner side of the stators 12, 22
and spaced by the particular gap away from the stators 12, 22 has a
plurality of agitating blades extending radially from the rotary shaft 17
around which the rotor 13 rotates. In the embodiment shown, eight
agitating blades 13a, 13b, 13c, 13d, 13e, 13f, 13g, 13h are provided.

[0152] Each of the agitating blades 13a to 13h has a longitudinal groove 15
that has the same diameter between the center and the outermost end 16 in
the radial direction thereof.

[0153] When the mixer unit 14 is to be formed as shown in Figs. 17 (a) and

(b), the stator may be fitted into the longitudinal groove 15 on each of the
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agitating blades 13a to 13h. Then, the gap 6 2 may be formed between the
wall surface 16a on the radially outermost end 16 of each of the agitating
blades 13a to 13h and the inner peripheral wall surface 22a of the stator 22.
(Gaps may also be formed between the outer circumferential surface 15a in
the longitudinal groove 15 of each of the agitating blades 13a to 13h and the
inner peripheral wall surface 12a of the stator, and between the inner
circumferential surface 15b in the longitudinal groove 15 of each of the
agitating blades 13a to 13h and the outer peripheral wall surface 12b of the
stator 12.

[0154] It may be understood from the above that the mixer unit 14 in the
mixer of the rotor-stator type according to the present invention has the
construction in which the rotor is disposed on the inner side of each of the
plurality of stators each having a different diameter and spaced by the
particular gap from each of the stators.

[0155] When the rotor 13 is rotated about the center of the rotary shaft 17
as indicated by the arrow 20, the two - stage mixing sections including the
mixing section located inwardly radially and the mixing section located
outwardly radially. This multistage mixing structure can provide the high
performance mixer. More specifically, the shear stress that is applied to the
liquid being processed can be improved by providing the multi-stage mixing
section as described above.

{0156] In the embodiment shown, the mixing portion located inwardly
radially may be formed between the outer circumferential surface 15a in the
longitudinal groove on each of the agitating blades 13a to 13b and the inner
peripheral wall surface 12a of the stator 12 and between the inner
circumferential surface 15b in the longitudinal groove 15 of each of the
agitating blades 13a to 13h and the outer circumferential water surface 12b
of the stator 12, while the mixing section located outwardly radially may be

formed between the wall surface 16a on the radially outward end 16 of each
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of the agitating blgdes 13a to 13h and the inner peripheral wall surface 22a
of the stator 22. Similarly, the mixing stage that is located on the radially
outer side will be formed between the wall surface 16a located on the
radially outer end 16 of each of the stirring blades 13a to 13h and the inner
circumferential wall surface 22a of the stator 22.

[0157] In the mixer of the present invention, the stators 12, 22 and the
rotor 13 are arranged so that they can be moved closer to each other or away
from each other in the direction in which the rotary shaft 17 of the rotor 13
extends. In the embodiment shown, they can be moved relatively to each
other as indicated by the arrows 22, 23 in Fig. 17 (b) in the direction in
which the rotary shaft 17 of the rotor 13 extends.

[0158] In the mixer of the present invention, the rotor 13 may be moved in
the direction of the arrow 22 in Fig. 17(b), and then the mixer unit 14 may
be formed by having the stator 12 fitted into the longitudinal groove 15 on
each of the agitating blades 13a to 13h as described previously, and the
rotor 13 may be moved away from the stators 12, 22 as shown by the
imaginary line in Fig. 17 (b).

[0159] At the initial stage in which the powdery raw material is dissolved
by the mixer, the powdery raw material may be dispersed quickly into the
mixed liquid by causing the rotor 13 to be moved away from the stators 12,
22 as indicated by the arrow 23 in Fig. 17 (b) without causing the high
energy to be dissipated.

[0160] After the above step, the two-stage mixing section including the
mixing portion located inwardly radially and the mixing portion located
outwardly radially may be formed by causing the rotor 13 to be moved as
indicated by the arrow 22 in Fig. 17 (b), and the dissolution, particle size
breakup and emulsification steps may be performed on the full scale basis
by causing the rotor 13 to be rotated in the direction of the arrow 20 in Fig.

17 (o).
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[0161] As it is apparent from the above description, the stators 12, 22 and
the rotor 13 are capable of rotating in the direction in which the rotary shaft
17 of the rotor 13 extends, and therefore the gap between the stators and
the rotor can be changed and adjusted accordingly while the rotor 13 is
being rotated. Similarly, the shear stress applied to the liquid being
processed can be changed or adjusted accordingly, and the flow rate of the
liquid being processed can also be changed or adjusted accordingly.

[0162] In the mixer of the present invention, a nozzle 18 is provided such
that it extends radially toward the center along the upper ends of the
stators 12, 22 forming the mixer unit 14, and the fluid or liquid being
processed may be delivered directly into the mixing section as shown by the
arrow 21 in Fig. 17 (b} through the outlet 19 of the nozzle 18.

[0163] More specifically, the fluid or liquid being processed can be
delivered directly through the nozzle outlet 19 into the inward mixing
portion as indicated by the arrow 21, that is, between the outer
circumferential surface 15a in the longitudinal groove 15 on each of the
agitating blades 13a to 13h and the inner peripheral wall surface 12a of the
stator 12, where the mixing (preliminary mixing) process may occur in the
first-stage mixing portion. Following this, the mixing process may occur on
the full scale basis in the outward mixing portion, that is, between the wall
surface 16a of the radially outward end 16 of each of the agitating blades
13a to 13h and the inner peripheral wall surface 22a of the stator 22a.

[0164] The emulsification or dispersion can be performed more effectively
by permitting the fluid or liquid being processed to be delivered (added)
directly into the mixing section (mixer portion) in the above described way.

[0165] Fig. 18 and Fig. 19 represent another embodiment of the present
invention. The embodiment shown in Fig. 18 and Fig. 19 differs from the
previously described embodiment shown in Figs. 15 through 17 in that the

stators 12, 22 have an annular cover 30 extending radially inwardly from

-51-



0.
0.

5
5

0.0 0.5 20 720 9.56.9 12 0.9 0.1 0.8 30 1080 14 10.4 41 4.6

the upper end edge. Now, this difference is mainly described below.

[0166] It is noted that for the embodiment shown in Fig. 18 and Fig. 19,
the stirring blade that extends radially from the rotary shaft 17 includes
twelve (12) blades 13a to 131

[0167] In the current embodiment, the annular cover 30 is constructed
such that it is attached to the upper end edge of the stator 22 and to the
upper end edge of the stator 12.

[0168] In the embodiment shown in Fig. 18 and Fig. 19, the annular cover
30 that extends radially inwardly from the respective upper end edges of the
stators 12 and 22 prevents the liquid being processed from being leaked
toward the upper side as shown in Fig. 17 (b) through the gap between the
stators 12, 22.

[0169] For the embodiment in which the annular cover 30 is provided, the
mechanism that allows for the direct delivery (adding) as described in Fig.
17 (a) and (b) may be replaced by making use of the annular cover 30.

[0170] There are inlet conduits 31 that are disposed on the outer

circumference of the stator 22 so that each of the inlet conduits 31 extends

toward the direction in which the rotary shaft 17 extends, and each of the
inlet conduits 30 includes a conduit 32 that is communitively connected to

the top end thereof and extends radially inwardly inside the annular cover

30. Each of the inlet conduit 30 has an inlet hole 33 formed on the part of

the annular cover 30 located radially inwardly of the stator 12 having the
smallest diameter among the plurality of stators 12, 22 and through which
the liquid being processed can be introduced toward the bottom as shown in
Fig. 17 (b). Each of the conduits 32 that extend radially inwardly inside the
annular cover 30 is communicatively connected to the corresponding inlet
hole 33. In this way, the liquid being processed can be introduced (added)
through the inlet conduits 31, conduits 32 and inlet holes 33 as indicated by
arrows 34, 35, 36.
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[0171] The presence of the annular cover 30 can prevent the liquid being
processed from being leaked through the gap between the rotor 13 and the
stators 12, 22 and toward the top end in Fig. 17 (b), allowing the liquid
being processed to pass through the openings 11a, 11b of the two stators 12,
22 and then to be guided from the radially inner side toward the outer side.
In this way, the liquid being processed can pass through the mixing section
that consists of three mixing stages each of which i1s formed between the
outer peripheral surface 15a on the longitudinal groove 15 of each of the
stirring blades 13a, etc and the inner peripheral wall face 12a of the stator
12, between the inner peripheral surface on the longitudinal groove 15 of
each of the stirring blades 13a, etc and the outer peripheral wall face 12b of
the stator 12, and between the wall face 16a on the radial outer end 16b of
each of the stirring blades 13, etc and the inner peripheral wall face 22a of
the stator 22 where the liquid being processed can be subjected to the high
shear stress a total of three times.

[0172] Like the mixer in the embodiment shown in Fig. 15 through 17, the
mixer in the embodiment of the present invention shown in Fig. 18 and Fig.
19 allows the gap between the stators 12, 22 and the rotor 13 to be adjusted
and controlled accordingly while the rotor 13 is being rotated. Thus, the
shear stress applied to the liquid being processed can be changed and
adjusted accordingly, and the flow rate of the liquid being processed can also
be changed and adjusted accordingly.

[0173] (Testing for Comparison and Examination)

For the testing purpose, the prior art mixer described in Fig. 1 and
the mixer of the present invention described in Fig. 18 and Fig. 19 were
compared. During this testing, the unit of the externally circulated mode
was provided for use as shown in Fig. 3, and the liquid drop diameters on
the middle way of the flow path were measured by using the linear

diffraction type particle size analyzer (SALD-2000 offered by Shimazu
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65 2340 32.5 pass[sec/ paSS] 51015 5.527.755.483.1 [0176] Fig.
25 represents the estinmated results obtained by anal yzing the energy
dissipation rate nunerically. It may be appreciated fromthe
estimated results in Fig. 26 that the m xer of the present invention
provi dédannéadtnging Gomoggtignssiapd the nawtclp ssisgeiteakopagrend afi b
as the prior aﬁ_t m_xer . C[{bre specifically, the m xer of the present

i nvent t8RUHHAS daud Aygp; iameteravasesparedo as two times as the
prior a at the

' ) be,. ' d f .h b
Lo g, e Tl T 250, LSO 0015, LheL e 2
ff : ' d_i. h ' hal_f h ' .
R A AT DI 2 B
o122 ARSI IOKIARA LR 587 bl Aot cER TN

[ 0177 phsuding tHeEBEer M EREFiON IR[AY HeGnkhecotifpbsittoret 186 kRodin
functionalities that will be descri bed below, functions, it can be
utili z&hble otkheowari ous i ndustrial fields in which the

emul sification, dispersion and particle size breakup processes occur.
For exanfpre,  UIE Pleaiiton | TIV Chlpoation TTRY BeAGt 117 ZCghnm L1je
Manuf ac thdgtie f*{ﬁﬁh%%  Qepty gy, ﬁ“ﬁi‘ sodo—i>
phar macqut iBséter nedii cih88, dherd®2d p

0ddc®8 anld 1087 ikd  502781] (1)
The hi gh p’%ggﬂ%rmhce gri{ger qf 25@0@1 or (08t orf t yp@®Jproyi dedgfy the

pr esent ‘i"lTV'?;ru‘;uu Jier—partTte -SrZe Jreakup or

enul sifi &
pi &00hi gﬁ p8(Xbr mgnc €000 ghI

manuf actjur eghtithan
sheari ng=Type) M Xl O tMe-roror-stator type. JUL/9] (2) The m xer
of the rotor-stator type according to the present invention allows

the prodpeys] NS REsERE BYRLIddbE Rk tb§ti§gtag\eé ﬁ%ﬁ@d o qg{rb@&e[ﬁotahﬁv

t he conventional m xer of the same type nutactured at [ess
time thanaheincPixemo dludh 28! It nld3180]app3kciafe @TEAMIPRC @O0MH LY £Hie
present 1nvention, the scale up or scale down can be performnmed for
t he vapiaetislenivetzreakuphrendtaovidal by thy peideandithg freeent hevaitidi is
size mxers to the large size m xers by considering the processing
( manuf aquivdlag} toithet poevideddsy thaprmor art mixer but can be achieved in the

time as half as the prior art mixer. It may also be appreciated from Fig. 21
that the mixer of the present invention provides the liquid drop diameters
that have less variations than the prior art mixer, and it may also be
appreciated from Fig. 24 (c¢) that the mixer of the present invention provides
the rotor’s rotations that contribute to the emulsifying power as compared

with the prior art mixer.

Particle Size (52 m} Time

P25S | Moun Particle Stze] St Devintion | Median Diameter ] Moo Dot | [s@o]
o] 5.880 0,334 7.142 97218 19.8
]E;:uml:.r ‘ PricrArt 10 5,148 0.329 6.314 - 7.486G 38.86
](n.‘uhism ' 15 4677 0.316 57841+ 7486 58.3
5 4370 0.322 5218 7.486 28.8
Invention 10 3.921 0.312 4533 6.078 57.7
15 3.657 0.304 4114 6.078 86.5
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10181] (4) The particle size breakup effect (the resulting drop

di anmeter) that neets the needs of each individual user can be

provi ded, and the processing (agitating) tine that is required for
this purpose can be estimated. Thus, it is sufficient that the m xer
is to be run (or process) for as snall time as required for the above
esti mat ed=tim : R0 - H-Efr) he— o0 at-or

type can Dgt edyg};@‘d diadl ypeand ﬁ'ﬁ'ﬁ“‘méng@gy regu red fOE\oi(“t hi s

pur pose (WWSE@E/E'@%LTENFW@W'SWW 04 L. A mxer of

t he rotor-sbat orzd ypeiseonpesisi ngisa m xer uniok that tencl udes a stator
havi ng a plsar al ndsy of 2openisngs amd a Bot or disposedson the inner side
of the stat4or amdo spawvéd byléa pr&det efi ned igap awdy fromthe stator,
wher ei n 50 8890 d se:t or tienc] ubfes aidsl ural3itty of 9&t At migTmegetyisng s,
havi ng a_di%feréHf pefSfpheral diameter and said rotor is disposed in
such a manner that it is spaced by the predeterm ned gap away from

sai d pl ur_allfv of stators; and said stators and said rotor are
arranged -s hat p'?sﬂﬂ’\"/p?sg"- be-breught closer to or farther away from
each ot her 541. the ?;s rec3t;,"n :A-whi ch the rotary shaft of said rotor
ext ends. - 222 Thefixef-as defined in daim 1, wherein the
l'iquid belng processed is introduced into the gap portlon bet ween
said sta oo > ich |%VL0(‘atgg on %he |ngueé side of
each of s i S "“"em&i “paﬁe‘ﬂ] i t Pl "Yap away from
each of S'a':g f‘;i /h, qm%‘[ |||c f I\CI WECII _@'El_ﬁ_a_@_ﬁ
wher ei n sai sta?ors Ave r? annuﬁ ar cgver t hat extends inwardly from
t he upper éhd edgt théteof.® 2 4%The Mi'xer a2Pdefined in any

one of d ai’t 3, Wherei'h sai'® anntll ar ddver tHat is*ocated on the
radi al i nnéP sid&¥%of e st'®t or fhat KAs thd2snal | 8t di aneter anong
said plural®ty d80stattbrs Bas an®i nl et?%hol e 2thr oughe-swhi twin gredfrdnugiiighs2c
bei ng processedz2ig i ntzsoduced downwardl y. 5. The m xer as
defined in any one of Clainms 1 through 4, being characterized by the
fact that the opening provided on each of said stators has a round
shape. ——6-—TFhe—rmxer—as—defined in any one of Clains 1 through
5, V\herel-p—t-he—e-ﬁﬁﬂﬁﬁééf’gm.sw_d_pl urality of stators are provided
around the pbriphefal wad?l ofeach of said stators, and represent

nor e than_ZG_Zo_oj_ﬁhZe_t_cE&L.D_ﬁEnLng ar ea. 7. The nixer as

defined in any one of Clains 1 through 6, wherein said rotor has a

I I t bl ad t endi di f t t

ot at i of 01761 Fle. % hrzels ssﬂ%re%ﬁmia& dogaefietpbirb by s e
defi 1 th h wh th
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of sai dgfinX&fe Wi F?%l dd E[Qaﬂ g Bpt}g(%]gg@ée‘?ftsipggnh%i 1%110'41'1@%

bei ng processed that can al ned during t m xer"s runni
that thBellighed e@Lre@gydh@ﬁeta@fosl Hat Recdhil tb BSIRD ﬁh&@ﬁéﬁﬁe%ﬁ%pﬁlt
obt ai ned during the particular m xer running tine when said m xer
used t enixeb] edoré hepddificdllbeithe pideess€dtio pheeatulsiditiad | Bas the
di spersion, particle size breakup or any other m xing processing: Ea
= Eg +Eapability that is equailitdias@8fdtinrePad tls@ dBioa ant4n)xehd]tt mhyRhehlber
8)) 4Ngdin, d2 +45(D+ 5)]V =KAN off2)- n ri-[D3 (K g + K )][N41; tm
estimated from the above that the mixer of the present 1nvent10n p10v1des

the particle size breakup effect that can be achieved in the time as half as
the prior art mixer. It may be appreciated from Fig. 20 that the actual
particle size breakup trend provided by the mixer of the present invention is
the same as the results obtained by analyzing the trend numerically.

[0177] As the present invention provides the excellent effects and
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N4 tmV Equation 1 In the Equation 1, a Total energy
di ssipation rate (n2/s3) Local shear stress in the gap between the
rotor and stator (nR/s3) E s Local energy dissipation rate in the
stator (n2/s3)_ Np : Nunber of powers{ﬁ)- lanqd . Nunber of flow rates
(-) nr funstiepatitis thatowiBkeddesailp dbammey.cfunsitions, ot cambe mtilized in
(m o TheNEREERS omisarigl HiEldes m THhichoy BB R GhaBabor e (hyan]
Thi Cknepsasrtﬂzfle %&?et %rreegﬂlp ﬁro@gs@esr oé)cfur.r O%t é)?z{lljflpiel,/‘a'?e present invention
may be utilized in the manufacturing fields, such as for manufacturing the
foods, pharmaceutical medicines, chemical products and the like.

[0178] (1) The high performance mixer of the rotor-stator-type provided
by the present invention can provide the higher particle size breakup or
emulsification effect and allows the higher quality products to be
manufactured than the conventional typical high performance (high
shearing type) mixer of the rotor-stator type.

[0179] (2} The mixer of the rotor-stator type according to the present
invention allows the products having the guality that is equivalent to or
higher than the conventional mixer of the same type to be manufactured at
less time than the conventional mixer.

[0180] (3) In accordance with the present invention, the scale up or scale
down can be performed for the various mixers of the rotor-stator type
ranging from the small size mixers to the large size mixers by considering
the processing (manufacturing) time for those mixers.

[0181] (4) The particle size breakup effect (the resulting drop diameter)
that meets the needs of each individual user can be provided, and the
processing (agitating) time that is required for this purpose can be
estimated. Thus, it is sufficient that the mixer is to be run (or process) for as
small time as required for the above estimated time. The running time of

the mixer of the rotor-stator type can be reduced accordingly, and the

energy required for this purpose can be saved.
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tm: Mxing time (s) : Flowrate (ms) Kg: Configuration dependent
term (nR) Ks Configuration dependent termin stator (nR2)
Configuration dependent termfor the entire m xer 9. The m xer
as defined in any one of Clains 1 through 7, wherein the m xer can be
scal ed up or scal ed down by cal cul@ARYS he Equation 1 below to

esti maRzg he pflrtlcdtjlar m xer running tinme and the resulting liquid
drop d hatds slgigred e f1ui d bei ng processed t hus obt ai ned during the

particular mxe[ Lunml ng ALTe:  Fa TR0 (352 LDIARRs I HDBhhi 128,
includes a stator having a plurality of openings and a rotor disposed on the
inner side of the stator and spaced by a predetermined gap away from the
stator, wherein

said stator includes a plurality of stators each having a different
peripheral diameter and said rotor is disposed in such a manner that it is
spaced by the predetermined gap away from said plurality of stators; and

said stators and said rotor are arranged so that they can be brought
closer to or farther away from each other in the direction in which the
rotary shaft of said rotor extends.

2. The mixer as defined in Claim 1, wherein the liquid being
processed is introduced into the gap portion between said stators and said
rotor which is located on the inner side of each of said stators and is spaced
by the predetermined gap away from each of said stators.

3. The mixer as defined in Claim 1, wherein said stators have an
annular cover that extends inwardly from the upper end edge thereof.

4. The mixer as defined in any one of Claim 3, wherein said annular
cover that is located on the radial inner side of the stator that has the
smallest diameter among said plurality of stators has an inlet hole through
which a fluid being processed is introduced downwardly.

5. The mixer as defined in any one of Claims 1 through 4, being
characterized by the fact that the opening provided on each of said stators
has a round shape.

6. The mixer as defined in any one of Claims 1 through 5, wherein
the openings on said plurality of stators are provided around the peripheral
wall of each of said stators, and represent more than 20% of the total

opening area.
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Equation 1 In the Equation 1, a Total energy dissipation rate
(nR2/s3) g Local shear stress in the gap between the rotor and

st at or

(er/sS E s Local energy dissipation rate in the stator

(n2/ s3) Ng Nt arixet a\@od@ﬁige@ql gl onemﬁwﬁéamm 1f ttowusht 65 whegein

Nunmber

rotor bl ades, 0 net er roto
sald rotor has a plurality ol% agitating {)lades extendmg radially from its

center of rotation.

8. A mixer having the construction of the mixer as defined in any one
of Claims 1 through 7, wherein the mixer is so designed by using the
Equation 1 below to estimate the running time of said mixer and the
resulting liquid drop diameters of the fluid being processed that can be
obtained during the mixexr’s running time that the liquid drop diameters of
the fluid being processed can be obtained during the particular mixer
running time when said mixer is used to subject the fluid being processed to
the emulsification, dispersion, particle size breakup or any other mixing

processing:

E, =&, + &
RN .00 NSO RSV
#oTe S(D+8)) 4N ln, -d* +45(D~3)| y

0, - pn Lo, 4 2

In the Equation 1,

¢ a : Total energy dissipation rate (m?2/s3)
. - Local shear stress in the gap between the rotor and stator (m?2/s3)
s - Local energy dissipation rate in the stator (m2/s8%)

Ny : Number of powers ()

Ngd : Number of flow rates (-)

nr : Number of rotor blades ()

D : Diameter of rotor (m)
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b : Thickness of rotor blade tip (m 6 : Gap between rotor and stator
(m ns : Nunber of stator holes O d : D aneter of stator hole (m 1:
Thi ckness of stator (m N : Nunber of rotations (1/s) t. : MXing
time (s) V: Flowrate (ns) Kg: Configuration dependent term (nR) Ks
Conf i glr:athiskngepef vetor hladmtim ®Yator (n2) Kg : Configuration
dependept termfor the entire m xer 10. A method for

manuf ac urbﬁ’@’ Heavgegbyrtor seatetitfal nedi ci nes or cheni cal

products . usin e _mxe defined in any one of Cainms 1 through
7 to s%j'%?@%@%%@&o%gﬂ‘?@a@ ocessed to the enul sification,

di sper s§ o I [ up or m xing processing, being

char act%erp%%%%%l ?%gtafscgg?m?élgﬁljt he foods, pharmaceutical nedicines or
chem C@'I’Hﬁi@ﬁﬂ%%éo% gopnyhactured by using the Equation 1 below to

estimate the particular mxer running tine and the resulting drop
di anet @(s N@hbehefirbtdtdoRe(Ig processed thus obtained during the

particular mxer running time: - Ea= Ex, +Es 5(D + 5)) 4Nd2 + 45(D
+5) 11V tzKAWliping tiLHr2r1,2 (13 +N 4 tm =K (I V 4v: tm

V : Flow rate (m3)

K, : Configuration dependent term (m2)

Ks Configuration dependent term in stator (m2)

K. : Configuration dependent term for the entire mixer

9. The mixer as defined in any one of Claims 1 through 7, wherein
the mixer can be scaled up or scaled down by calculating the Equation 1
below to estimate the particular mixer running time and the resulting

liquid drop diameters for the fluid being processed thus obtained during the

particular mixer running time:

£, =Eg +Es
v -~ 2)n Ul [ D8 z'ndd+4t)  ||(N*-1,
*[(Np quﬂ.' ) ”,.j{D [(J(D+§)]+4qulnx-d2+45(D+5)J:”( 4 J

[, L e ()

N*-t
=Kc'( V m) « = » 8 = e = Equationl

In the Equation 1,
¢ a : Total energy dissipation rate (m2/s3)
¢ , - Local shear stress in the gap between the rotor and stator (m2/s3)

¢ s - Local energy dissipation rate in the stator (m2/s3)
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Equation 1 In the Equation 1, E a Total energy dissipation rate
(me/se) E g: Local shear stress in the gap between the rotor and
stator (ne/se) e s: Local energy dissipation rate in the stator
(me/se) Np : Number of powers (-) Ngd : Nunmber of flowrates (-)
Nunber N - PotmsbepphpewersX-)D : Diameter of rotor (m) b : Thickness of
r ot or %a&eé\%ip (m . Gap betyween rotor and stator (m ns Nunber of
st at or “h@fe 1(lm)bea of flywrates (6f stator hole (m 1: Thickness of

(o) K GSRPIRE CROGRY BLHBHIENT Ter m (m2) Ko Gonf i gur htfon dependent
term i SYRLM o ek rotor (m)
b : Thickness of rotor blade tip (m)
§ : Gap between rotor and stator (m)
ns : Number of stator holes (-)
d : Diameter of stator hole (m)
1 : Thickness of stator (m)
N : Number of rotations (l/s)
tm : Mixing time (s)
V : Flow rate (m3)
Kg : Configuration dependent term (m2)
K Configuration dependent term in stator (m2)
K. : Configuration dependent term for the entire mixer
10. A method for manufacturing the foods, pharmaceutical medicines
or chemical products by using the mixer as defined in any one of Claims 1
through 7 to subject the fluid being processed to the emulsification,
dispersion, particle size breakup or mixing processing, being characterized
by the fact that the foods, pharmaceutical medicines or chemical products
are manufactured by using the Equation 1 below to estimate the particular
mixer running time and the resulting drop diameters for the fluid being

processed thus obtained during the particular mixer running time:
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Ks Configuration dependent termfor the entire m xer 11. Foods,
phar maceuti cal nedicines or chem cal products manufactured by using
the nethod as defined in Caim10.

£, =&, + &
=[(N -N dn‘-z)-n, D’ ( Dt J+ z’n,'d’(d +4¢) {N"tm_J
poe S(D+8)) 4N_ln, -d* +48(D+5)] 1%

=[(Np—quzz).n,].[as(gg+K,)].(N‘V'u]

N*-t
ZKC'[ Vm] « » » w e + » HBguationl

In the Equation 1,

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

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

Ngd : Number of flow rates (-)

n, : Number of rotor blades (-)

D : Diameter of rotor (m)

b : Thickness of rotor blade tip (m)

& * Gap between rotor and stator (m)

ns : Number of stator holes (-)

d : Diameter of stator hole (m)

1 : Thickness of stator (m)

N : Number of rotations (I/s)

tm * Mixing time (s)

V : Flow rate (m3)

K¢ : Configuration dependent term (m?2)

Ks Configuration dependent term in stator (m2)

K. : Configuration dependent term for the entire mixer

11. Foods, pharmaceutical medicines or chemical products
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manufactured by using the method as defined in Claim 10.
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