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Abstract. The current work puts forward a numerical study of a non-colloidal suspension flows in three different rheometer
geometries. The inhomogeneous Euler-Euler model applied to the continuity and momentum equations is used to solve
the suspension flow problem. To save computational time, the numerical domain is reduced to an extension of 1 deg in
the azimuthal direction by setting rotational periodic conditions as the boundaries. The objective is to investigate the
effect of shear rate and geometry in the suspensions flow and its consequence on the measured apparent viscosity. Good
agreement was obtained between literature and computed apparent viscosity. Analysis of particle distribution reveals that
not only the particle motion but also the apparent viscosity depends on the shear rate and the geometry. Comparisons
between geometries are performed to understand the reasons behind the particle motion. Numerical simulations are
conducted using common rheometer geometries, such as cone-plate, rotational parallel plate and concentric cylinders.
Other parameters are also investigated, namely particle volume fraction (from 0.1 to 0.5), and shear rates (from 10~3 to
512 s71). It can be anticipated that the heterogeneous particle distribution throughout the geometries is the main cause
of differences on the calculated apparent viscosity.
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1. INTRODUCTION

Suspensions are multiphase substances composed of solid particles dispersed in a continuum. They are found in many
industrial application such as pharmaceutics, food, construction, petroleum industry and in nature. Suspension behavior
may be affected both by media composition as well as the way the continuum and dispersed phase interact. The interaction
between the phases is the main responsible for phase distribution in the flow. Due to this interaction, even suspensions
that have particle density identical to the liquid can present heterogeneity and make the characterization difficult.

Distinct behavior showed by suspension hinder their rheological characterization, and even suspension composed of
Newtonian fluid and solid spherical particles may show different values of macroscopic properties, for example viscosity.
As observed in literature (Lewis and Nielsen, 1968; Zarraga et al., 2000; Denn et al., 2018) suspension viscosity increase
with particle volume fraction. However, such behavior may vary both as a function of physical characteristic (Mueller
et al., 2009; Gamonpilas et al., 2016; Pednekar et al., 2018) as well as the operating condition to which the sample is
subject (Kulkarni and Morris, 2008; Linares-Guerrero et al., 2017).

The particle distribution within the flow has been studied in pressure-driven flows (Nott and Brady, 1994; Tehrani,
1996), drag flows or a combination of both of them. The usual geometries used to characterize suspension drag flow are:
cone-plate (CP) (Morris and Boulay, 1999; Gamonpilas et al., 2016), parallel-plate (PP) (Zarraga et al., 2000; Dai et al.,
2013; Gamonpilas et al., 2016) and concentric cylinders (CC) (Abbott et al., 1991; Huang and Bonn, 2007; Fall et al.,
2010).

Particle distribution is governed by either diffusion or convection that depend on the magnitude of the Reynolds
numbers. While driven by diffusion (Eckstein ez al., 1977; Husband and Gadala-Maria, 1987; Wang et al., 1996) in low
Reynolds numbers (Re < 1) flows, particle motion is very much dependent on inertia forces in large Re flows (Matas
et al., 2004; Majji and Morris, 2018; Liu and Wu, 2019).

In particular, at low Reynolds numbers flows particle motion is named as particle migration and occur from regions of
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high shear rate to regions of low shear rate in concentric cylinders. According to Leighton and Acrivos (1987); Acrivos
et al. (1993) particle migration are induced by shear rate and are proportional to the square of the particle radius and the
shear rate. Abbott et al. (1991); Chow et al. (1994); Husband et al. (1994); Konijn et al. (2014) noted that this particle
migration cause a decrease in the suspension apparent viscosity. Other important observation was done by Fall et al.
(2010), where authors noted that heterogeneity caused by particle motion is irreversible, means that particles do not return
to the initial condition when the flow changes direction. Studies carried out in rotational parallel-plate geometry (PP)
demonstrate that particles tend to migrate from regions of low shear rates, close to the center of the plates, to regions of
high shear rates, close to the periphery of the plates (Krishnan et al., 1996; Merhi et al., 2005; Kim et al., 2008). This
migration was attributed to the curvature of the disk Krishnan et al. (1996); Shauly et al. (1998); Kim et al. (2008). This
contradicts, therefore, the proposal of Leighton and Acrivos (1987); Acrivos et al. (1993) which assert that the particles
should migrate to the region of low shear rate in the center of the plates due to the shear rate gradient. On the other hand,
Morris and Boulay (1999) attributed the particle migration to the normal stresses generated by shear in non-homogeneous
flows.

An important fact related to particle heterogeneity is how this affects the values of viscosity. Chapman and Leighton Jr
(1991); Chow et al. (1994) noted a decrease in the suspension apparent viscosity with shear rate. Nevertheless, the authors
were unable to identify particle migration in the radial direction. Chapman and Leighton Jr (1991) attributed the decrease
in viscosity to sedimentation while Chow et al. (1994) attributed the decrease to a thin liquid layer close to the plates. On
the other hand, Merhi et al. (2005); Fall et al. (2010) observed an increase in torque and, consequently, in the suspension
apparent viscosity. The increase in torque was attributed to the increase in the particle volume fraction in the outer region
of plates due to particle migration.

The works of Moon et al. (2015); Tanner and Dai (2016); Tanner (2018, 2020) assert that the particle migration has no
effect on reducing viscosity and attribute the decrease of apparent viscosity to friction reduction between particles with
increased in shear rate.

This shows that there is no consensus on the effect of the heterogeneity of particles in the suspension viscosity.
In addition, it is not clear what mechanisms are responsible for particle motion in geometries used for the rheological
characterization of suspensions, neither the effect of operating conditions in the observed trends. For Denn and Morris
(2014), to understand the mechanisms behind particle migration and the irreversibility due to particle motion is the first
step to predict rtheology in complex flows.

The present work aims to study numerically particle motion of non-colloidal suspensions flows. The numerical study is
conducted in domains that represent geometries usually used in the rheological characterization of suspensions. The Euler-
Euler model is used to solve the two-phase liquid-solid flow that characterize the suspension flow. In general, it is sought
to explore numerical results in order to understand the mechanisms associated with particle motion in the geometries of
interest, under different operating conditions. Additionally, the work expects to contribute to the understanding of effect
of particle motion on the apparent viscosity of the suspension.

2. NUMERICAL MODELING

Three different geometries were chosen to evaluate the effects of particle motion on the apparent viscosity. The first
one is a cone-plate assembly, the second is a circular parallel-plates configuration and the last one is a concentric cylinders
coupling, as illustrated in fig. 1. The cone-plate geometry, as the name suggests, is composed by a plate and a cone with
equal radius R, that make an angle of 2 deg between each other, as one can see in the figure 1 a). The second geometry
is a circular parallel-plates of radius R, separated by a distance H,,, as represented in figure 1 b). The sample, in both
cone-plate and parallel-plates geometries, is held in place by the surface tension. The concentric cylinders, as illustrated
in figure 1 c), consists of two cylinders of height H., concentric one with respect to each other and separated by a gap that
is the difference between the outer and the inner radius, R, and R; respectively. All three domain are defined similarly by
three walls: cone and lower plate, upper and lower plates, and outer and inner cylinders, and the fluid-ambient interface.
A non-slip condition for the liquid phase is assumed for all walls (cone, plates and cylinders), while a free-slip condition is
considered on the fluid-ambient wall, since the shear stress between the liquid and the outer environment air is negligible.
For the solid dispersed phase, all walls are assumed as free-slip as suggested by ANSYS Inc. (2019). As an initial
condition, the dispersed phase is considered to be homogeneously distributed throughout the domain.

2.1 Governing equations

The inhomogeneous Euler-Euler model, also known as the two-fluid model (Ishii and Hibiki, 2010), is used to solve
the suspension flow in all three domains. The approach assumes average properties for both phases within a control
volume weighted by the corresponding volume fraction of each phase. The average transport equations are combined
with constitutive equations that account for the interactions between phases, represented by body and surface forces due
to the momentum exchanged between the phases (Shi and Rzehak, 2020). Details of the model can be found in ANSYS
Inc. (2019) and Yeoh and Tu (2019).
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Figure 1. Schematic of three most usual geometries used in rotational rheometers. a) Cone-plate geometry, b) Parallel-
plates geometry, and ¢) Concentric cylinders geometry

The governing equations, the continuity and momentum equations, valid for incompressible flows are considering in
this work for two generic phases i (i = s,1) in the framework of the two-fluid model, and are written in their canonical
form as,

NP | (V) = 0 )
ot

daip:V; ~ = - -

% + V(OZZ[JZ‘/;V;) = —Vai(p) + amiV2Vi + MZ (2)

where the variables i represents the solid, s, or liquid, [, phase, «; is the volume fraction of phase 4, p is the pressure, ‘7; is
the velocity vector of each phase, and the vector MZ represents the momentum produced on phase 7 by the stresses acting
on the interface between the phases. The latter is modeled as a linear superposition of different interphase forces due to
distinct solid-liquid interactions.

The interaction forces considered in the current case - the drag, the virtual mass and the lift forces - are represented
in eq. 3. The drag force acts opposite to the relative motion between the particle and the surrounding media. The virtual
mass force accounts for the added force a particle is due when accelerating or decelerating through a liquid, because of
the mass of liquid it has to displace in this process. In turn, lift force acts perpendicular to the relative motion due to a
velocity gradient in the continuous phase.

— —

M; = My = —M,; = a [fD'i‘fVM"‘JFL} 3)

where f D> fV » and fL are the drag, virtual mass and lift forces per unit of volume of the rigid spheres and ag is the solid
volume fraction. The interphase forces satisfy the Newton’s third law, as the liquid phase force magnitude acting upon the
solid phase is identical to the solid force over the liquid phase with the opposite sign, M, = —M,.

For a rigid and smooth sphere with diameter d,,, the drag force can be given by:

. 3 N

Jo = =17Cop (Vo = W1) |V = 4| )
4d,

where Cp is the drag coefficient, d, is the particle diameter and (V; — ‘7}) is the relative velocity vector between the solid

(s) and the liquid (!) phases. The drag coefficient for a spherical particle is calculated analytically by the Stokes’ law for

the viscous regime, Re < 1, and it is a constant value, 0.44, for the inertial regime. For a dilute solid suspension, the
transition between both regimes can be computed by Schiller and Naumann (1933)

4
(14 0.15Re’*%%7) ,0.44 (5)

_ _—1.65
Cp,a,<02 = a; 7 max [Re’

and for concentrated suspensions, a most appropriate model was proposed by Gidaspow (1994),

4d
Cp.a,>02 = C{ L (6)
3045Ps ‘/S - Vvl

The Eq. 5 is applicable to solid volume fractions of s < 0.2, while Eq. 6 is used for as > 0.2. The liquid volume
fraction is represented by «;, while p; is the solid-phase density, and V; and V are the local liquid and solid velocities,
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respectively. The effective Reynolds number, Re’, is a function of the particle Reynolds number and the solid volume
fraction:

Re' = asRey, (7
where
Pl ‘_/; - ‘_/'l’ dp
Rey=—— 17 8)
2
and
1 —an? 7(1—a1)p V.-V,
e = T ) N )
' ads 4 dp
The virtual mass force (Ishii and Hibiki, 2010), fv M 18 computed by using the following expression:
— D (‘73 - ‘7;)
;= — L VA 10
Jvm 6p1Cv M Di (10
where Cy yy is the virtual mass coefficient. The commonly used value of 0.5 is adopted in the current work.
The lift force (Auton, 1987), f1, is calculated by the form:
fi=—~Cup [(V; — Vi) % curl(%)} (11)

where C/, is the lift coefficient. The lift coefficient is correlated to both the particle Reynolds number, Re,, and the
vorticity Reynolds number, Re,, which is calculated in the current work using the expression proposed by Saffman
(1965):

3
Cp = ———C 12
LT 9nRe, * (12)
where
V x V| d?
Re, = u (13)
i
and,
C} : {6 46f (Re,, Re,,) for :Re, < 40 0.338 (BRe,)"? for :40 < Re, < 100 (14)
where
Re,,
— 15
¥ = ke, (15)
and,
f(Rep, Re,) = (1 —0.33145Y/2)e= 0 fer 1 (.331451/2 (16)

As the Euler-Euler model treats both phases as interpenetrating continua, dynamic viscosity is required for both liquid
and solid phases. In the current work, the liquid phase is assumed as a Newtonian fluid. Differently than several prior
studies that assume the solid viscosity as equal to the liquid viscosity (Shi and Rzehak, 2020) or it is computed by the
kinetic theory of granular flows (Yan et al., 2011; Maluta et al., 2019), the solid shear viscosity, s, is modeled here
following Enwald et al. (1996), who suggest that the suspension viscosity can be estimated by averaging the liquid and
solid viscosities weighted by the respective volume fractions.

Nsup = Q1] + Qg llg (17)

where, 7., i the suspension viscosity, oy is the liquid volume fraction, i is the liquid viscosity, o is the solid volume
fraction and p is the viscosity associated to the dispersed phase.
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A useful expression (Tanner, 2018) for the suspension viscosity that is based on the work of Krieger and Dougherty
(1959) is used here:

-2
Qg
Nsup = M1 (1 - : ) (18)

As e

where, s, is the packed solid volume fraction and is assumed equal to 0.61 in this work. As reported by (on Offi-
cial Nomenclature and Symbols, 2013), the packed solid volume fraction is a measure of a statically stable packing of the
particles and is not a well known quantity that could vary randomly between 0.55 to 0.64. Now, one can estimate the solid
shear viscosity:

-2
Qg
Qsfbs = N = (uz (1 - - ) - ozzm) (19)

where o115 is considered the solid shear viscosity related to the solid volume fraction and is given by 7.

3. NUMERICAL APPROACH
3.1 Numerical solution

The governing equations are discretized by using the element-based finite volume method and solved by employing
the CFD package ANSYS®CFX®(ANSYS Inc., 2019). A High-Resolution scheme (Yeoh and Tu, 2009) for the spatial
discretization of the advection terms was adopted. The scheme is a blending between the first-order upwind and second-
order central differencing schemes, taking into account the boundedness criterion of Barth and Jespersen (1989). A
method developed for co-located mesh systems based on the scheme proposed by Rhie and Chow (1983) was used for the
pressure-velocity coupling.

The 3D mesh composed of hexahedral structured elements for the three domain are used to solve the problem. A 1 deg
extension is assumed in the azimuthal direction together with rotational periodicity conditions (ANSYS Inc., 2019), in
order to save computational time. Five grid sizes are tested to verify the sensitivity of the numerical solution with respect
to the mesh for all three geometries. The convergence criterion adopted was the minimization of the mean square root of
the normalized residuals to a value smaller than 10~° (ANSYS Inc., 2019).

It was carried out a mesh sensitivity test for two-phase flow. Fluid properties are assumed Newtonian, being the density
of 840 kg m~3 and viscosity of 0.022 Pa s. For the dispersed phase a suspension composed of particles with a diameter of
50 pum and particle volume fraction (PVF) of as = 0.2 is assumed. For the CP and CC geometries, buoyancy is neglected,
and two rotation speeds are considered, one for each case, {2 = 28.6 rad s~landQ=2.8rads !, respectively. The rotation
speeds correspond to a shear rate of 818 s~* and 33.8 s~ !, respectively. For PP geometry buoyancy is considered and a
rotation speed of {2 = 28.6 rad s~ ! is assumed, which corresponds to a shear rate of 500 s~

The computed torque and the PVF profile in the radial direction are monitored to check for the grid size sensitivity.
The computed torque on the cone-plate (CP), parallel-plates (PP) and on the concentric cylinders (CC) geometries were
calculated on the cone surface, on the lower plate and on the internal cylinders by the Eq. 20, respectively.

R
Teat = / Tw(r)2mr?dr (20)
0
where 7, is the shear stress on the wall.

Tables 1, 2 and 3 presents the torque for each mesh and the respective percentage deviation to the torque obtained
with the most refined grid in each operational condition. The calculated torque proved to be little sensitive to the mesh
refinement, however, different behavior was observed regarding the PVF profile.

Table 1. Torque obtained for the five different meshes and their corresponding percentage deviations with respect to the
finest mesh 5. The suspension is subject to a angular speed of 28.6 rad s~ !, that correspond to the shear rate of 818 s~ at

the edge of the plate.
Mesh | Nodes | CP Tor.susp. (Nm) | devn(%)
1 1050 4.5042 x 1074 0.91
2 4035 4.4790 x 1074 0.34
3 [ 11970 | 4.4678 x 1072 0.09
4 24705 4.4642 x 1074 0.01
5

41940 4.4636 x 1072 -
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Table 2. Torque obtained for the five different meshes and their corresponding percentage deviations with respect to the
finest mesh 5. The suspension is subject to a angular speed of 28.6 rad s~ !, that correspond to the shear rate of 500 s~* at

the edge of the plate.
Mesh | Nodes | PP Tor.susp. (Nm) | devn(%)
1 1050 2.1328 x 10~ -2.47
2 4035 2.1896 x 10~* 0.12
3 11970 2.1900 x 10~ % 0.14
4 24705 2.1875 x 10~* 0.03
5 41940 2.1868 x 104 -

Table 3. Torque obtained for the five different meshes and their corresponding percentage deviations with respect to the
finest mesh 5. The suspension is subject to a angular speed of 28.6 rad s~*, that correspond to the shear rate of 338 s~ at

the edge of the plate.
Mesh | Nodes | CC Tor.susp. (Nm) | devn(%)
1 36439 6.8694 x 107> 0.01
2 53758 6.8683 x 10~° -0.01
3 63990 6.8689 x 10~° 0.00
4 75990 6.8699 x 10~° 0.01
5 115335 6.8690 x 10~° -

Figure 2 a), b) and c) depict the PVF profile in the radial direction for all three geometries. The PVF was monitored
in z* = 0.5 all long the radius. As one can notice, the PVF profiles obtained with mesh refinement levels 1, 2 and 3 show
deviations with respect to the results obtained with the most refined ones. However, profiles for Meshes 4 and 5 agree
well one with each other.Thus, Mesh 4 is adopted to conduct the numerical simulations discussed in the next section.

4. RESULTS
4.1 Comparison with experimental results

A quantitative comparison with different experimental results from the literature are conducted. Moon et al. (2015)
performed their experiments with smooth rigid spherical polystyrene particles (PS) with diameter of 80 pm and density
of 1050 kg m~—3, dispensed in silicon oil with density of 970 kg m~2 and viscosity of 1.1 Pa s. They varied the volume
fraction from 0.1 to 0.5 and maintained a shear rate of 10 s~! at the plate edge. Zarraga et al. (2000) carried out experi-
ments with glass particles with diameter of 43 um and density of 2412 kg m—3, added to a fluid with density of 1322 kg
m~3 and viscosity of 0.252 Pa s. They changed the solid volume fraction from 0.306 to 0.501. Gamonpilas et al. (2016)
conducted their tests with the suspension used by Moon et al. (2015).

Figure 3 compares the numerical values of apparent relative viscosity as a function of particle volume fraction with
the three different experimental data from the literature (Zarraga et al., 2000; Moon et al., 2015; Gamonpilas et al., 2016).
Independently of the data source and despite the wide range particle volume fraction (0.1 to 0.5), fluid viscosity ( 0.252
to 1.1 Pa s), particle density (1.050 to 2.410 kg m—3), and particle size (43 to 80 pm), the numerical values agree quiet
well with the literature data.

4.2 Effect of particle volume fraction and shear rate on apparent relative viscosity in suspensions without buoy-
ancy effect

This section presents a comparison of the apparent relative viscosity as a function of the particle volume fraction and
the shear rate for three geometries. The CP geometry is composed of a cone and a plate of the same radius R (R = 17.5
mm), which form an angle of 2 degrees to each other. The second geometry is a PP of radius R (R = 17.5 mm), separated
by a distance H,, (H, = 1 mm). The CC geometry consists of two cylinders of height H. (H. = 37.6 mm), concentric with
respect to each other and separated by a gap of 1.06 mm, which is the distance between the inner radius and the outer
radius of the cylinders, R; (R; = 12.54 mm) and R,, (R, = 13.60 mm), respectively.

To evaluate the effect of particle volume fraction on the apparent relative viscosity, five fractions were used, from 0.1
to 0.5. The suspensions are composed of particles with 50 zm diameter, density equal to the liquid, p; = 1,020 kg m~3,
and liquid viscosity of 0.022 Pa s. The tests were performed at a shear rate of 10 s ~! and 100 hours duration. The relative
viscosity results are shown in fig. 4. As expected, it is observed that the apparent relative viscosity is not dependent on
geometry, and results agree quiet well with the value estimated by Eq. 18 .
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Figure 2. Particle volume fraction profiles obtained for all three geometries, for 5 mesh refinement levels each. a) Cone-
plate, b) Parallel-plates and, c) Concentric cylinders.

Next, it was evaluated the effect of shear rate in a suspension with a particle volume fraction of 0.2, in three geometries.
Seven shear rates were selected to carry out the study, from 0.001 s~! to 500 s~*. The test was run for 100 hours.

Figure 5 shows that apparent relative viscosity values for seven shear rate. It is observed that for shear rate up to 10 s
~1, the tests performed with CP and PP geometry did not show considerable divergence between each other. However, for
CC geometry, it is observed that apparent viscosity show a slight increase in values. For higher shear rate, above 10 s ~1,
it is observed that apparent viscosity show a slight increase for PP geometry. Even more pronounced increase is observed
in the CP and CC geometries. This increase can be due to the inertia effect, as already observed by Linares-Guerrero et al.
(2017), and suspension heterogeneity, which can also be intensified due to inertia.

To understand the effect of shear rate on the apparent relative viscosity results, it was monitored the distribution of
particles in the radial direction and at z* = 0.5, and in the z direction along r* = 0.6 for CP and PP geometries and r* =
0.5 for CC geometry. As can be seen in fig. 6, particle distribution remains almost unchanged for all geometries at shear
rates up to 1 s~!. Increasing shear rate, particle distribution tends to become more heterogeneous. It is observed, in fig.
6 a), CP geometry, that the particles tend to be concentrated in the central region, up to half the radius, while, a particle
decrease is noted in the periphery region.

Opposite behavior is observed in fig. 6 c), PP geometry, in which the particles tend to be homogeneously distributed
in the geometry, but with a slight reduction in the center. In the figure. 6 d), PP geometry, an increase in the solids
fraction is observed, near the rotating plate and in the gap central region, with increase in the shear rate. In CC geometry,
particle distribution tends to show greater heterogeneity in the gap region and in the cone, and this heterogeneity is the
main responsible for the increase in the apparent relative viscosity value.

Figure 6 a) shows CP geometry. The image depicts an increase in particle volume fraction in the cone truncation region
at the end of the simulation, however, the particles initially accumulate near the region with the physical restriction and
over time tend to migrate to the region closer to the center of the geometry. Apparently, this increase in the particle volume
fraction is related only to the physical constraint imposed by the geometry, since no other mechanism was observed that
would enable to increase particles near the center of the geometry. Figure 6 c) shows the PP geometry. It can be noticed a
small decrease in particle volume fraction in the center of the geometry, and a slight increase in the periphery region. This
slight heterogeneity is due to the drag force that acts in the radial direction and with greater intensity near the plate that is
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Figure 3. Relative viscosity obtained for different particle volume fraction from experimental Zarraga et al. (2000); Moon
et al. (2015); Gamonpilas et al. (2016) and numerical results.
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The geometries evaluated are Cone-Plate (CP), Plate-Plate (PP) and Concentric Cylinders (CC). Five particle volumetric

fractions were evaluated, from 0.1 to 0.5, with shear rate of 10 s~!. The suspensions are composed by particles with 50
pm diameter, density equal to the liquid, p; = 1,020 kg m—3, and liquid viscosity of 0.022 Pa s.
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Figure 5. Comparison of apparent relative viscosity as a function of shear rate for three geometries. The evaluated

geometries are Cone-Plate (CP), Plate-Plate (PP) and Concentric Cylinders (CC). The suspension, s = 0.2, is composed

of particle diameter of 50 m, with the same density of the liquid, p; = 1,020 kg m—2, and the liquid viscosity is 0.022 Pa
s. The evaluated shear rates are: 0.001, 0.01, 0.1, 1, 10, 100 and 500 s~ 1.

rotating compared to the plate that is stationary. As a result, particles are dragged to the periphery of the plate. Particle
distribution relative to CC geometry is show in fig. 6 f). Note that the particle distribution tends to be heterogeneous along
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Figure 6. Particle distribution profile in the radial direction and in the z direction of the suspension mentioned in fig. 5.

a) represents the particle distribution profile in the radial direction and at z* = 0.5 for the CP geometry. b) represents the

particle distribution profile in the z direction and at r* = 0.6 for the CP geometry. c) represents particle distribution profile

in the radial direction and at z* = 0.5 for the PP geometry. d) represents the particle distribution profile in the z direction

and at r* = 0.6 for the PP geometry. e) represents the particle distribution profile in the radial direction and at z* = 0.5 for
the CC geometry. f) represents the particle distribution profile in the z direction and at r* = 0.5 for CC geometry.

the entire geometry. At the bottom of the concentric cylinders there is a cone-plate coupled, it is observed, in this region,
the same behavior observed for the CP geometry. However, in the gap region, it can be observed a great heterogeneity
that is the main responsible to increase apparent viscosity.
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5. CONCLUSIONS

The non-colloidal suspension rheometric flow are numerically investigated. The two-fluid approach is mainly used
to model the suspension particle motion and to evaluate its consequence on the measured viscosity. From the numerical
results, it was observed that the apparent viscosity is affected by particle distribution. It was also noted that the apparent
viscosity is insensitive to the geometry at low shear rates. However, when the shear rate is increased the apparent viscosity
is affected by the geometry configuration. Parallel-plate geometry shown the smallest divergence on apparent relative
viscosity as function of shear rate.
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