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The objecti®e of this work is to characterize ®arious deformations to which ®iscous
pastes are subjected during their batch mixing and to in®estigate the influence of mixer
configurations and operating conditions. For this, se®eral mixer geometries were mod-
eled in a way representati®e of the mixing mechanisms taking place. The twin-blade
arrangement, which is typical in batch mixing, was used in this study, as well as plane-
tary mixers. The equations go®erning the deformation of the fluid were sol®ed in the

(®arious mixer geometries, using numerical solution techniques finite-element discretiza-
tion on a fixed mesh, with a fictitious domain method accounting for the internally

)mo®ing blades . Based on the time-dependence ®elocity fields obtained, the type of de-
formation taking place in ®arious mixers was characterized using rele®ant kinematic
flow classification parameters. These parameters were then related to the mechanical
action of the mixer.

Introduction

Mixing in many industrial processes is used for homoge-
nization, where multiple components have to be mixed to-
gether into a homogeneous mixture. This subject has been
extensively studied for many decades, and quantities such as
scales and intensity of separation of the mixture, mixing effi-
ciency, mixing times, and power consumption have been in-

Žvestigated theoretically and experimentally Irving and Sax-
ton, 1967; Godfrey, 1986; Ottino, 1989; Tanguy et al., 1992,

.1996 . However, there are processes where the aim of mixing
is not blending, but rather development of a material in the
mixer. This is particularly relevant for the processing of many

Ž Ž .pastes such as food stuff or complex bio polymers in the
.food, pharmaceutical, or chemical industries where it is not

Ž .so much the mixing action homogenization taking place in
the mixer that matters, but rather the way in which the defor-
mation is provided to the material. Deformations have a large
influence on the structure and the development of the mate-
rial, and it is very important to be able to relate these pro-
perties to the mechanical action of the mixer. The following
observations are for instance typical of the mixing of many

Ž .viscous materials containing bio polymers:
Ž .a The action of the mixer is to transfer a given amount of

energy into the material in order to transform and develop it
to an optimum.

Ž .b The way in which this energy is transferred is crucial.
For instance, with the same amount of energy transferred, a
paste mixed using only shearing will be totally different from
a paste developed using only elongational deformations.

Assuming that, for a given material, the optimal type of
Ždeformation needed is known through experiments, for in-

.stance , the complementary design step is to develop mixers
which provide this type of deformation preferentially. How-
ever, for this, it is necessary to identify the relation between
the mixer and the type of deformation it provides. This is the
objective of the present study, where the deformation pro-
vided by different mixers will be characterized. Global and
detailed modeling approaches are discussed. For the latter,
the governing equations, as well as the flow characterization
parameter, are defined. The different mixers to be simulated
are described, and the results are presented with commen-
tary. Finally, some conclusions are drawn.

Modeling Approaches
As stated in the introduction, two types of questions are

important when studying the mixing of viscous pastes: how
much energy is transferred into the material during mixing,
and how is this energy transferred.
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Figure 1. Global parametrization: typical blade-mixer
system and relevant parameters used to com-
pute the energy input into the material.

Global parameterization
The first type of question can be answered by studying the

energy transfer as a function of several macroscopic kine-
matic and process quantities such as mixing time and power
consumption. It is possible to develop global parametric rela-
tions involving the energy transfer using simple mechanical

Ž .considerations Godfrey, 1986 . For instance, for a given mixer
configuration, the mixing time t required to transfer the
amount of energy Q into the material can be formally ex-
pressed as

ts F Q, W , e , . . . 1Ž . Ž .

where W is the rate of energy transfer from the mixer into
the paste, and e is a mixing efficiency, characteristic of the
type of deformation with which the energy is transferred from
the mixer to the material. The actual form of the relationship
F depends on the mixer configuration and on the operating
conditions. As a simple illustration, the energy transfer asso-
ciated with a pure shearing flow in the clearance between a
blade and the mixer wall can be parameterized as follows
Ž .see Figure 1

2
Du R mo 0n ny1 nq1Qs2 p V t 2Ž .n ž /R rR y RŽ . io i

for a power-law fluid, with power-law index n, and consist-
ency index m . When rewritten in form 1, relation 2 gives the0
parametric relationship between the mixing time t, energy in-
put Q, mixer geometry R , R , Du , operating conditions e ,i o
and material rheology m , r.0

Detailed kinematic analysis
The second question}the how rather than the how much

}requires the detailed study of the flow pattern of the mate-

rial inside the mixer during processing, and the further ex-
traction of the relevant deformation characteristics. For this,

Ž .computational fluid dynamics CFD simulations are used to
obtain the deformation field via computer simulations. The
equations governing the flow of the fluid in the mixer config-
urations are discretized, and the corresponding systems of
equations are solved using computer techniques. As a result,
the space and time distribution of the velocity field is ob-
tained, and the type of deformation can be deduced from it.

Go®erning Equations. The flow of an incompressible fluid
in a domain V with boundaries G is governed by the classical

Ž .Navier-Stokes equations Bird et al., 1977 expressing mo-
mentum and mass conservation

­ ­ 1 ­°
u qu u sy pd qtŽ .i j i i j i j­ t ­ x r ­ xj j~ 3Ž .in V

­
u s0i¢­ xi

where the summation convention over repeated indices has
been used. In Eq. 3, u are the velocity components, r is thei
fluid density, and p is the pressure. The stress tensor t is ai j
function of the velocity field, which is expressed by a consti-
tutive equation. We restrict ourselves here to Newtonian flows
having a simple constitutive relation of the form

t sy2mS 4Ž .i j i j

where m is the constant fluid dynamic viscosity. The study to
be presented in this article could however be equally well
applied to pastes having a more complex rheology. The strain
rate tensor S and the rotation rate tensor W are defined by

1 ­ ­ 1 ­ ­
S s u q u and W s u y u 5Ž .i j i j i j i jž / ž /2 ­ x ­ x 2 ­ x ­ xj i j i

The governing Eqs. 3 must be solved together with the ap-
propriate boundary conditions on G over a given time inter-
val tgT. For this, the equations are discretized using a
Galerkin finite-element approximation technique, and the re-
sulting sets of algebraic equations are solved on a computer.
In this study, the FIDAP 8.0 CFD simulation software has

Ž . Ž .been employed FIDAP, 1993 . For the two-dimensional 2-D
flow domains used here, bilinear four-nodes quadrilateral el-
ements have been used.

A common feature of virtually all the batch mixers is the
presence of moving parts inside the mixing vessel. These ele-
ments deform and mix the material by constraining the mo-
tion around it. In some instances, it is possible to attach a
new reference frame to the moving parts, in such a way that
when expressed in the new co-ordinate system, the velocity
field is stationary. In this case, the problem is greatly simpli-
fied since only a steady-state solution must be computed. An-
ticipating from the next section, one salient feature of the
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mixer configurations to be studied here is that it is not possi-
ble to find such a reference frame in which the velocity field
would be stationary. Consequently, the full-time history of
the flow must be tracked, and internally moving parts must
be explicitly accounted for. Using a variant of the recently

Žintroduced fictitious domain method Glowinski et al., 1994;
.Bertrand et al., 1997 , the moving internal parts of the geom-

etry are not meshed as such. Instead, they are taken into
account by means of a set of pointwise kinematic constraint

Ž .that is coupled with the questions of motion FIDAP, 1993 .
Velocity constraint is imposed on the degrees of freedom, so
that only kinematics of the moving parts must be known a
priori. More specifically, if at time t, the mesh node x k is
covered by the moving body, then the velocity degree of free-
dom uk corresponding to this node receives the prescribedi
value of the velocity of the moving body over the integration
time interval. As the position in time of the moving body is
known a priori, the algorithm for deciding whether a mesh
node is covered or not by the body at a given time can be
designed beforehand, and used as an input for the computa-
tions. In the FIDAP implementation, the exact location of
the boundary of the moving body is known up to one mesh
cell thickness, as partial coverage of the cell by the body is

Žnot taken into account a mesh node is covered or not, at a
.given time . This results in a loss of accuracy close to the

boundary of the moving body, which acts effectively as a
Ž .time-dependent rough surface. This effect can, however, be
minimized by using small enough mesh elements. Tests have
been performed with various mesh densities, which showed
that smoothness of the fields away from the body’s bound-
aries was achieved rapidly.

Flow Type Characterization. The knowledge of the space
and time evolution of the velocity field enables us to derive
parameters that characterize the type of deformation taking
place in the mixer. Intuitively, one can distinguish between
three extreme cases of flow types that may be encountered.
At one extreme lie the purely extensional flows, which are
strong flows where the material lines are largely deformed.

Ž .On another extreme lie the shear flows viscometric flows ,
and the third class is represented by rigid-body motions, or
solid-body rotations, which do not generate any deformation

Ž .in a fluid. Following Astarita 1979 , it would be useful to be
able to calculate, for any flow pattern, a criterion whose value
identifies the flow considered in terms of the types men-
tioned above. It can be argued that such a flow-type criterion

Žshould fulfill several properties: locality that is, one should
be able to indicate its value at a point, rather than in a flow

. Žvolume , objectivity invariance under a change of reference
. Žframe , and generality of application its value should be al-

ways available, and should make sense for any conceivable
.local kinematics . In addition, a scalar-valued criterion is pre-

ferred, since only the type of flow is needed in the present
context, without directional information. Finally, this crite-
rion should in the first instance be dependent only on the
kinematics of the motion, and not on the nature of the fluid.
A number of such flow classification criteria have been pro-
posed. This is a subject of much controversy, and extensive
discussions about the existence and suitability of such a flow

Ž . Ž .parameter can be found in Astarita 1979 , Huigol 1980 , Ol-
Ž . Ž .bricht et al. 1982 , Ottino 1989 , and Schunk and Scriven

Ž .1990 .

The flow parameter definition which has been retained
here is based on the invariants of the velocity gradient tensor
Ž . 2Astarita, 1979 . The shear rate parameter s is defined as

Ž .the second invariant of the strain rate tensor see Eq. 5 ,

s2 s trace S2 sS S 6Ž . Ž .mn nm

and the rotation rate parameter v 2 is defined in a similar
way as

v 2 sytrace W 2 syW W 7Ž . Ž .mn nm

These parameters can serve as a measure of the deforma-
tion intensity. The ratio of these two quantities can be used
as a flow parameter

v 2 W Wmn nm2RR s sy 8Ž .2 S Ss mn nm

Ž .which can be further normalized by Ottino, 1989

1y RR2

Ds 9Ž .21q RR

w xThus, Dg y1, 1 and takes the following values in particu-
lar: Dsy1 for pure rotational flow, Ds0 for a pure shear
flow, and Dsq1 in a pure extensional flow. Note that crite-
rion 9 is strictly valid for planar flows only, and generaliza-

Žtions to fully 3-D flows are ambiguous and not trivial Olbricht
.et al., 1982 . Also, criterion D does not fulfill the objectivity

requirement. A number of alternative criteria have been pro-
Ž .posed Astarita, 1979 . We argue here that for the sole pur-

pose of flow classification, the objectivity requirement is not
essential because it is not used to derive constitutive rela-
tions, and we prefer to keep the simplicity of criteria 9. The
various mixers are analyzed in an inertial reference frame
and, under this restriction, comparisons of the values of the
D parameter are possible and meaningful, which is not the
case if this parameter is used to analyze some of the mixers
in a noninertial reference frame. Note, however, that if such
a flow parameter should be used in the expression of a mate-
rial constitutive relation, then the objectivity requirement

Ž .could not be discarded Schunk and Scriven, 1990 .

Mixer Configurations
Three mixer configurations have been selected for the

present study. A sketch of the mixers is given on Figure 2. In
Ž .the plastograph mixer Figure 2a two blades are mounted on

parallel horizontal shafts, and are contra-rotating inside a
Ž .closed cavity Kawaguchi et al., 1997 . The geometrical pa-

rameters are set as follows: LrW s2.1, R rW s0.49, R rWo B
s0.47, and HrW s0.61. During operation, the two blades
are rotating at different rotational speeds, v s3r2v , with1 2
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Figure 2. Geometry of the mixers considered in this
study.
Ž . Ž . Ž .a Plastograph; b do-corder; c planetary mixer.

Ž .v s1.033 RPS. For the do-corder mixer Figure 2b , a twin-2
blade arrangement is used, where the blade rotation domains
are interpenetrating and co-rotate in a bowl shaped to keep
blade to wall clearance low. The mixer geometrical parame-
ters are set as follows: HrLs0.1, R rLs0.32, and R rLso b
0.3. The two blades are rotating at the same speed, v s1

Ž .RPS. Finally, the planetary mixer Figure 2c has a complex
motion induced by a main arm rotating about an axis passing
through the center of the mixing vessel. This arm supports
two gears equipped with a pair of vertical pins. The com-
bined motion of the central arm and the pins induces a plan-
etary-type motion, where the pins span a large portion of the

Ž .mixing bowl Buchholz, 1990 . Planetary mixer dimensions are
set as follows: L rL s0.6 and RrL s1.1. The rotation2 1 1
speeds are v s1.37 RPS and v s2.39 RPS.1 2

For all the mixers presented above, the flow will essentially
be 2-D, and will take place inside sections perpendicular to

Ž .the rotation axes of the moving parts neglecting end effects .
In this case, a 2-D, time-dependent simulation would be suf-
ficient, since there is no axial flow. As already mentioned, the
attention is restricted to highly viscous pastes having a New-
tonian behavior. For all the simulations presented below, the

Ždynamic viscosity m has been set to a very high value such
that representative Reynolds numbers based on mixer dimen-

y5 w x.sions and rotation speeds are Re'10 Pa ? s .

Simulation Results
The mixer geometries described above have been dis-

cretized on finite-element meshes covering the whole mixing
volume, and do not account for the presence of the blades or
mixing elements. As explained above, the presence of these
solid bodies is accounted for by imposing time-dependent
constraint to the mesh elements covered by the bodies at each
time, which has the tremendous advantage of allowing for
extremely simple and accurate grids. For these time-depend-
ent flows, mesh densities result from a compromise between
computational time requirements and accuracy, and varies
between 9,874 elements for the planetary mixer to 49,473 ele-
ments for the plastograph mixer. For all the mixers, the com-
putations have been carried out over several revolutions until
periodicity of the flow field was established. Time-averaged
quantities presented hereafter are based on results where pe-
riodicity of the flow field was achieved. Note that owing to
the extreme value of the viscosity, periodicity was in all the
cases already virtually achieved after the first cycle of blade
rotation of the mixers.

As explained in the previous section, the objective of this
study is to investigate the dependence of the paste deforma-
tion characteristics upon mixer types and operating condi-

Ž .tions rotation speed, tip clearance, . . . of the blades . The
scalar parameter D, defined in Eq. 9, enables us to distin-

Ž .guish between flow types rotation, shear, and elongation in-
dependently of the deformation intensity and orientation. As
an illustration, the instantaneous distribution of the parame-
ter D is given in Figure 3 for the plastograph, and its evolu-
tion in time for all mixers considered is sketched on Figures
4]6. Clearly, distinct features can be identified for the differ-
ent mixers. As expected, regions near the moving parts and
the walls of the mixers have a pronounced shear characteris-

Žtic such as in the blade clearances for the plastograph and
the do-corder; in the region between the moving and the sta-

.tionary pins for the planetary mixer . Large rotational zones
are also clearly present for some mixers. In the plastograph,
the region around the blades is predominantly rotational.
When tracked in time, this region seems to be literally at-

Ž .tached to the mixer blades, and rotates with them Figure 4 .
One can already conclude that this represents a ‘‘dead’’ re-

Žgion, where the material is not deformed solid-body rota-
.tion , but merely rotates with little exchange with the rest of

the flow domain. The evolution of material elements acting
as tracers injected in the mixer are shown in Figure 7. As
they are entrained by the blades, they are displaced over dis-
tance comparable to the total blade displacement, with little
exchange from one side of the mixer to the other one. For
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Figure 3. Example of instantaneous spatial distribution of the flow-type parameter D in the plastograph.
Ž . Ž . Ž .Contour values are uniformly distributed within a range between blue rotation, D sy1 , green shear, D s 0 and red elongation, D s1 .

the do-corder, on the other hand, rotational zones are almost
absent, and most of the flow is subjected to elongation and
shearing. In fact, the only significant rotation occurs in a small
layer between the tip of the blades and the cavity wall, where
a kind of ‘‘ vortex’’ seems to be attached to the blade tips.
This rotational zone could be thought of as a small ‘‘roller’’
caused by the competition between two effects: on the one
hand, the material is entrained by the moving blades, but on
the other hand, there cannot be an overall entrainment in
the blade clearance because of the presence of the other
blade. By incompressibility, some of the material has to flow
in the other direction relative to the blade, hence, the rota-
tional zone. This effect can be clearly seen when following in

Ž .time the position of material elements in the paste Figure 8 .
Although tracers injected in the neighborhood of the left
blade have an overall displacement in the same direction as

Ž .the rotation of the blade clockwise on the figure , tracers
injected in the right region have an overall displacement in
the opposite direction from the direction of rotation of the

Ž .right blade clockwise on the figure . This effect results from
the fact that there is an overall entrainment of fluid towards
the upper region of the mixing cavity, and through the in-
terblade region, where the material is stretched and sheared
towards the bottom of the mixer. Due to the slight asymme-

Žtry of the cavity the top middle part of the mixer is different
.from the bottom part , the system has ‘‘chosen’’ for this flow

direction, whereas in a perfectly symmetric configuration, the
system would have been unable to ‘‘choose’’ between two
equally valid flow solutions: flow in the same direction as the

Ž .rotation of the left resp. right blade, with counterflow

Ž .around the right resp. left blade and forcing through the
Ž . Ž .interblade zone from top resp. bottom to bottom resp. top .

In the present configuration, all the tracers initially placed
along the vertical line of symmetry of the mixer will move
from top to bottom through the interblade region, and will
then loop around the blades to come back in the elongation
zone at the top. Only the tracer initially placed at the bottom
of the mixer will remain there indefinitely, even if the ‘‘roller’’

Ž .and the shear layer periodically pass over it Figure 5 . The
region of bad mixing and limited paste development in the
bottom middle part of the mixer is frequently observed exper-
imentally, where the initial components of the paste are found
intact at the end of the process. It is also interesting to note
that the blades of the do-corder mixer have a very similar
shape as the shape of the rotational zone in the plastograph.
One could therefore conclude that the rotational ‘‘dead’’ zone
in the plastograph has been replaced by the solid material of
the blades in the do-corder.

As shown in Figure 6, the material in the planetary mixer
is mainly subjected to shearing and elongation between the
moving pins, the bowl, and the static pins. The particle tracer
trajectories cover virtually all of the mixing region, and are
mainly circumferential, with sharp changes in direction for
tracers present in the central part of the mixing bowl as a
moving pin passes close to the tracer location, and entrains it
Ž .Figure 9 .

As already apparent from the space and time distributions
of the deformation parameter D, clear differences exist be-
tween the action of the mixers. In order to have a more
quantitative way to assess these differences over the whole
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Figure 4. Sequence of instantaneous distributions of the flow-type parameter D in the plastograph over one rotation
of the slow blade.
The time interval between the figures is constant, and corresponds to 1r8T , where T is the period of rotation of the slow blade. Contour

Ž . Ž . Ž .values are uniformly distributed within a range between blue rotation, D sy1 , green shear, D s 0 and red elongation, D s1 .

operation time of the mixers, several averaged quantities can
be defined. First, the space-averaged distribution of the pa-
rameter D, defined as

1
² :D s D ., t dS 10Ž . Ž .HS V

can be investigated, where S is the mixing cavity cross-section
² :area and D is a function of time only. Its evolution will be

shown in Figure 12 for the different mixers considered in this
study. The periodicity of the flow is clearly visible. The fre-
quency distribution of the flow parameter can also be used
for mixer characterization. For this, we define the frequency
function
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Figure 5. Sequence of instantaneous distributions of the flow-type parameter D in the do-corder over one-half rota-
tion of the blades.
The time interval between the figures is constant, and corresponds to 1r14T , where T is the period of rotation of the blades. Contour values

Ž . Ž . Ž .are uniformly distributed within a range between blue rotation, D sy1 , green shear, D s 0 , and red elongation, D s1 .

dSD , t
f D , t s 11Ž . Ž .

S

where dS is the total area of fluid material that is sub-D, t
jected to a deformation between D and Dq dD at time t.
Define now the time-averaged quantity

1 T
f D s f D , t dt 12Ž . Ž . Ž .HT 0

Ž .where T is the period of the flow that is, of the mixer . The
Ž .function f D represents the proportion of the fluid volume

which}on the average}is subjected to a deformation D.
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Figure 6. Sequence of instantaneous distributions of the
flow-type parameter D in the planetary mixer
over one rotation of the main supporting arm.
The time interval between the figures is constant, and corre-
sponds to 1r8T , where T is the period of rotation of the
main arm. Contour values are uniformly distributed within a

Ž . Ž .range between blue rotation, D sy1 , green shear, D s 0
Ž .and red elongation, D s1 .

Graphs of the frequency function f are shown in Figure 10.
Note that in the figure, the function f has been scaled so

Žthat the area comprised under the curve equals unity thus,
.frdD is actually shown . As already discussed, based on quali-

tative considerations, the do-corder shows the most elonga-
tional flow, with very little rotation. The planetary mixer has
the most pronounced shear component, with little rotation as
well. The plastograph has a significant rotational part with

Figure 7. Particle path in the plastograph over three pe-
riods of rotation of the mixer.
Initial tracer positions are identified by the filled circles in
the mixer.

the shear and elongational components present in a compa-
rable amount, approximately. As pointed out above, the plas-
tograph and do-corder have a large elongational zone in the
upper part of the mixing cavity. Smoother curves are ob-
tained using the cumulated frequency as a function of the

Ž .flow type parameter see Figure 11

D
F D s f s ds 13Ž . Ž . Ž .H

y1

Although the same information is contained in these graphs,
Ž . Ž .this function is bounded since F y1 s0 and F 1 s1.

Influence of the operating conditions on the flow type dis-
tribution can also be investigated, as will be illustrated in Fig-
ure 14, where the cumulated frequencies F are shown for
different plastograph configurations. The reference configu-
ration is the one used above, whereas the slow speed configu-
ration uses half of the rotation speed of the blades, the half-
blade arrangement uses only one side of each blades with

Figure 8. Particle path in the do-corder over three blade
rotations.
Initial tracer positions are identified by the filled circles in
the mixer.
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Figure 9. Particle path in the planetary mixer over six
rotations of the main supporting arm.
Initial tracer positions are identified by the filled circles in
the mixer.

respect to their rotation axis, and finally the large tip clear-
ance has twice the size of the reference one. The results in
Figure 14 will suggest that changing the speed or the clear-
ance dimensions does not affect the type of flow inside the
mixer. This is not surprising, since one can expect the defor-
mation intensity to be affected by changing the speed or the
gap dimensions, but not the deformation pattern. On the other
hand, halving the blades reduces in a sensible way the amount
of rotation taking place inside the mixer, which could also be
expected, since only half the blades can trap the material into

Ž .a rotational motion as will be seen in Figure 13 .

Figure 10. Distribution of the average flow-type param-
eter in the various mixers.

Figure 11. Cumulative distribution of the average
flow-type parameter in the various mixers.

Finally, it is possible to characterize the action of the mix-
ers in an even more condensed way, and express it as a single
quantity, the time and space average of the parameter D

1
² :D s DdS 14Ž .HS V

with

Figure 12. Time evolution of the average flow-type pa-
rameter over several mixer rotations.
Ž . Ž . Ž .a Plastograph; b planetary mixer; c do-corder.
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Figure 13. Sequence of instantaneous distributions of the flow-type parameter D in the plastograph with half blades
over one rotation of the slow blade.
The time interval between the figures is constant, and corresponds to 1r8T , where T is the period of rotation of the slow blade.

Ž . Ž . ŽContour values are uniformly distributed within a range between blue rotation, D sy1 , green shear, D s 0 and red elongation,
.D s1 .

1 T
Ds Ddt 15Ž .HT 0

Of course, this single time and space-averaged scalar quan-
tity cannot replace the information contained in the whole
complicated spatio-temporal distribution of the flow type pa-
rameter D, and comparisons between mixers based solely on
this scalar value could be very misleading. For instance, the
spatial homogeneity of mixing in a good mixer can be im-

Žproperly overlooked, or some localized events in space

.andror time could significantly bias the average and lead to
² :erroneous conclusions. Bearing this in mind, the value of D

is given in Table 1 for the mixers considered here. Again, we
deduce that the do-corder has the most elongation, and the
plastograph and planetary mixers have the most shear contri-
bution.

Conclusions
It has been shown how fluid-flow simulations could be used

to investigate and characterize the type of deformations tak-
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Figure 14. Cumulative distribution of the mean flow-type
parameter in the plastograph for various
configurations of the mixer blade or rotation
speed.

ing place during mixing of high viscosity pastes. For this, rele-
vant flow type criteria have been discussed and computed
for different mixer geometries. Based on the different statis-
tics used to analyze and summarize the information about
flow characteristics obtained by the simulations, clear
differences between the mixers were identified. This analysis
can be extended to any type of mixer configuration or any
non-Newtonian rheology, and can be used to assess and

Table 1. Values of the Space and Time Average of the
Deformation Parameter D for Different Mixers

² :Mixer Type D

Plastograph 0.183
Do-corder 0.504
Planetary mixer 0.288

design mixing equipment in a more objective and rigorous
way.
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