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APPROXIMATE CALCULATION OF MIXING
PARAMETERS FOR HIGHLY VISCOUS
COMPOSITIONS IN PLANETARY-MOTION MIXERS

V. G. Zhigarev,1 O. V. Tin'kov, 1
Yu. B. Banzula,2 and V. A. Bobkd?

One of the basic factors preventing quality mixing of rapidly charged systems is the existence or formation in the
systems of solid-phase agglomerates, which are extremely stable during mixing, during the initial stages of the process.

During the initial stage of mixing in planetary-motion mixers, vigorous fracturing of solid-phase agglomerates takes
place most actively in accordance with the mechanism of displacement of their individual parts in the gap between the edg
of the mixer blade and the wall or bottom of the mixer. Here, failing shear deformations develop [1], if the tangential stress-
esT,, over a certain cross-sectional area of an agglomerate exceeds the limiting sheag$tvesisti gives rise to its bulk
failure, i.e., wher,, > [tg]. In the remaining volume of the planetary-motion mixer, agglomerates are failed preferentially
in accordance with the mechanism of separation of solid-phase particles or fragments of an agglomerate from its surfact
Here, the agglomerates fail [1], if the tangential stresgehat develop on the contact surface between the liquid and solid
phases exceed the limiting shear stregg,[which causes individual particles to separate from the agglomerate.

The possibility and rate of mixing of the components of rapidly charged systems are determined by providing for
local shear deformations that are sufficient for bulk failure of the agglomergtedt,]) on the one hand, and by ensuring
sufficient shear deformations for the failure of fine agglomerates along their surfage(,, < [tg]) and averaging of sev-
ered solid-phase particles in a liquid-like matrix on the other. Consequently, the conglitigry,] is a necessary and ade-
guate condition for failure of the agglomerates, and an increase in the degree of uniformity of the components being mixed

The purpose of the investigations that we conducted was to determine the velocity regimes for the mixing of rapid-
ly charged systems, which ensure failure of the agglomerates that are formed in the stage when highly disperse solid con
ponents are introduced to a liquid phase. The investigations were conducted on a laboratory mixer fitted with a planetary driv
with internal gearing formed from crown and satellite gears and two helical-strip agitatorsajFithel planetary drive of
the industrial mixer may be built with external gearing consisting of a crown gear and a satellite geb}.(Fig. 1

In vessels containing agitators with a planetary drive, highly viscous systems are mixed preferentially in accordance
with the mechanism of laminar mixing, i.e., under forces of internal friction. Here, circulation flows that are extremely com-
plex in terms of structure and that vary in rate develop in the mass being mixed. Since zones of dispersive agitation (vigor
ous shearing and impression) are small in this type of mixers, it is obvious that basic power outlays for mixing are associat
ed with the creation of developed circulation flows of the mass. In view of their complexity, the structure of these flow does
not submit to analytical description; the rate and effectiveness of the mixing can therefore be estimated approximately fron
power outlays.

It is established experimentally that when highly viscous compositions are mixed in planetary-motion mixers, the
change in power consumption over time is clearly oscillatory in nature.
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Fig. 1. Diagram shaving planetay drive of mixer with intenal (&) and etemal (b) geaing consisting of @wn and
saellite geas.

In first goproximation, we can detenine the pwer consumedyassuming thiathe orce dT resisting the displaee
ment of a lade element of a méx can be défed as in the psblem of a liquid fow past a fat plate, from the brmula

- PRERNE | SR
dT =&pgsvgdF smBE—BBsma,

wher ¢ is the codicient of Igeral resistancepsysis the density of the system being etxvy is the local displacemerdte
of a surice element of thegaator; dF = xdpdx is the surice aea of the ade element;

B =arcsin g&sin(n—q))g— arcsin S&sjmb%
[AB O AB

is the angle betaen the nonal to the sudce element of theldde and the ector of the linear elocity v of its displace
ment,R; is the adius of the pitie circle of the stellite gear ABis the adius \ector of the center of instantaneoosdion,
¢ is an angle lwaacteizing the position of thelade elementy = arctan(S21x) is the curent helix angle of the helical line
of the Bade andSis the tevel of the helical line of thelade

The local displacemenéte vy of a surfice element of the mex for a knevn angular elocity w of the carier can
be detemined poceeding fom geometic consideations. Since poinA of the tangng of the pitd circles of the cown and
saellite geass is the center of instantaneoataion, the cicumferential velocity of a surdice element of ddde ptating ebout
this center can be deteined flom the &pression

Vg = QuAB, (1)

where Q, is the angular efocity of instantaneoustaion of a surhce element of thedlg which is positioned near poift
Depending on the type ofeguing composed of a own gear and a dallite gear the 1adius \ectorAB can be deter
mined in accatance with the la of cosines:

f

AB = \‘Rg +x° —2Ryxcos(Tt—¢) = \'Rg +x° + 2R x cosf 2

for extemal gearing, and

AB:\/RS2 +x% = 2R X cosd 3
for intemal gearing.
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If it is assumed thahe“+" signs in the drmulas corespond tox@emal and intemal geaing consisting of a own
gear and sellite gear expressions (2) and (3) can banwritten as

AB:\ﬁRg +x% £ 2R X coS¢ . (4)

The linear displacementdte v of the shaft of thegitator (pointC) is detemined fom the brmula

Ve = QR (5)

Since pointC pettains to one member (¢@ar), it rotaes dout the shaft of the aaer with the angular elocity w
of the carier, and the elaionship

Ve= R+ RY (6)

is then \alid.
Equding the rght sides of érmulas (1) and (6)we obtain

_ RC:SR%, -

where R, is the mdius of the pite circle of the cown geat
Substituting gpressions (4) and (7) irelaionship (1),we obtain

vg = RC:SRS co\/Rg +x2 +2Rxcosd .

The maxinum displacement of the leading edgf the llade can bedund fom the brmula

(R*RIRp = RY)
R :

max _

wher R, is the adius of the outer leading eslgf the ltade
The angular glocity of the gitator can be detenined fiom the &pression

m:w—RciRs.
Rs

W

Since the elementampowver consumptiondr the displacement of dadle elementiN = vgdT,

dN = Epsyswﬁ%ﬂgmg +x2 iZRchosq))s/ZsinEarctan%Esin%—arcsinEEs—Bsinq)E.ﬁékdxdq) =
- SDRC [? 2,2 3/2 S _ Rg o
—Epsysm Bitlﬁ (RS + X~ £2R xcosd) ““4 2 \1 Rg 2 + 2Ruxcost sin“ ¢ xdxdd ,
14+
"V e

where & = AS T Do = Herr/ Psys: aNdiey is the aerage efective viscosity of the mass beingitated
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As a esult,we obtain

R, O
N :EpWSwSB%ilﬁ X
R ¢01+¢; s ‘w‘ Rsz
di (R? +x? £ 2R x cos) ¥/ 2 — 1-——s sin? & xdxdo ®)
R0 \/ 2 | RS +x*+2Rxcosd
™ |4+ S
%%

for pug mills and helical-gfr agitators, whete R; andR, are the adii of the inner @r a pug mill — theadius of its shaft),
and outer edeg of the tade of a gitator, respectiely, ¢, = 0-2m, is the initial angle ltaacteizing the position of thegk
tator & an arbitary time t, n, is the ptaional speed of theggtator duing the time pdod examined ¢, = 2rmis the angle
comesponding to theumber of tuns of an gitator bade andm s the umber of bade tuns.

It is olvious tha for helical-stip agitators, the width of which, as a ule, is small,the expression in question can be

simplified as
OR, P R2 - R? S
_ 3
N = Epgye00 Biﬂﬂ 22 ‘ 2 x

T[Xav\/4+ 2

av

d1+0 J .
1 2 | Rg st q) d¢ | (9)

x (RS +G, + 2Ry, c09)>/? 1- ———
) VRS +x5, + 2Ry, COSO

sincedF = x, (R, — R;)d = (RZ —~R)dd/2, where x,, = (R, + Ry)/2.
The anajtical expression obtained can be used &proximate calculéion by numeical methods of the peer out
lays required to displace the aasm or spial-stip blade as a function of its sjil orientéion & a gven timet; = f($4).
Simplification of expressions (8) and (9) will also malit possile to obtain érmulas br calculdion of the paver
consumed in displacing the shafts of thyiators Ny, and the arss tiedN,, between the tades and shaft of helical-gtragi-

tators:
_ 3DRCD322 312 o OrRy OH
dN —Epsysoo hEEﬂE (RS +x° £ 2R x cosd) sn% arcsm%smq)g.éux_

0 El3 ‘J‘ 2
:Epwswgha%ila (Rg +x212Rchos¢)3/2\l— R52+x2 +RZRchos¢Sin2¢ dx;
R, O
N :Epsysw3hB§iIE X
" RZsin? ¢ N

((R2 42 3/2 |4 _
i!l(Rs+x + 2R x cosd) \1 R§+x2i2RsXCOS¢

whete h is the height of the oss tie or shaft.
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Fig. 2. Diggram shaing varation in twisting momenM on carier shaft
of planetay-motion mixer as function of mixing timé.
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Fig. 3. Dgendence of peer consumed in mixingof first and second
spiral agitators Ny, ; and Ny, » and total pwer consumedN;y 5, On

angled: 1) Nigt sp= Niot. 1+ Nior. 2 2) Niot.12 3) Nyt 2

The total paver outlgys for agitating a mass in a planeyamotion mixer equippegfor example with a combingon
of worm and spial-stiip agitators, can be calculad from the brmula

Ntot(Tl) = Nsh + Ncr(Tl) + Nwo(Tl) + Nsp(Tl) + Ned + Ndisv (10)

where N, andNSpare the paver outlys required to displace theavm and spial bades respectiely, N,y are the paver out
lays required to displace and esh the mass in the mewing gaps betveen the edgs of the lades and the &l of the miver
(the outlgs Ng4can be nglected in viev of the locality of theseegions),andNy;; are the aditional paver outleys required
to displace the edgof the padition of the spial-stip agitator, which is situaed near its bottom.

Expeimental elaionships betwen the twisting moment on the shaft of theieaon the mixing timedr the ldo-
oratory mixer confrm the deendencies of the twisting moment andvpo required for agitation on the mtual ofentaion
of the aitator blades vinen the ltter ae in planetay motion. kgure 2 shavs an &peiimental digram of the elaionship
between the twisting moment on the Gar shaft of the migr and the mixing timevhile Fg. 3 pesents the computed ver
of the paver consumeddr mixing (for two spirl agitators) versus the angle obtaion.
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Engneeing anaysis of etional paametes of the mixing pocess in planetgrmotion miders is possike if the paam
etes A andm, in the eqution for deteminaion of the codicient of laeral resistance of alade element = A(lq/ psys)ml are
known. The \alues of these pametes can be esktished expelimentally for a specit composition. Results okpelimen
tal investigations of the mixing prcess of a higlglviscous composition on a model plangtarixer, which were conducted
in 1972 ly the Moscw Institute of Chemical Matne Building enaled us to estaish tha the \alue of the eponentm;
can be assumed equal to 0.4 with an agusuficient for calculaions.

Expeimental cuves of the twisting moment on the Gar shaftwhich were obtained on the @ratory mixer with
the carier operting & a fixed otaional speedwere anayzed to detanine the mmeical value of the pameterA. Numer
ical calculagions perbrmed using elaionships (8)—(10) made it posklio esthlish tha varation of the paameterA for the
composition under irestigation ranges fom 0.310° to 1.010°.

It should be pointed out th#he calculéions perbrmed using Egs. (8)—(10) eigproximate in ndure, since the
mutual efect of ciculation flows tha develop duimg mixing as the gitator blades gpelience planetardisplacement ere
disregarded in their devation. The results obtained @re used in deeloping a pocedue for engneeiing anaysis of rtional
parametes of the mixing pocess in indusial planetay-motion miers.
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