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ABSTRACT:

Concentrated suspensions are very complex in nature and exhibit non-Newtonian flow properties although the suspending
fluid might behave as a Newtonian fluid. Among the interesting properties, wall slip will be the main focus of this study. The
formation of wall slip layer adjacent to the solid boundary may lead to inaccurate measurement of rheological properties. So,
the measured viscosity can be lower than the actual viscosity and thus a basic understanding on wall slip is critical. Concen-
tration, particle size, and temperature are the factors affecting the wall slip mechanism. Therefore, this research study tends
to study the relationship between the parameters (concentration, particle size, and temperature) and wall slip. The result
shows that the slip velocity increases with shear stress under the conditions where (i) concentration decreases, (ii) particle size
increases, and (iii) temperature increases. Two regression models considering the three parameters are proposed and can be

used respectively as an alternative to predict slip velocity and true shear rate.
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1 INTRODUCTION

Concentrated suspensions are very complex in nature
and have awide application in ceramics, paints, cosmet-
ic products, and other products. Suspension can be de-
fined as a two-phase system consisting of discrete par-
ticles distributed in a fluid medium. If the particle frac-
tioninthe suspensionis small, the properties of the sus-
pensionwill besimilartotheinterstitial fluid, which nor-
mally behaves Newtonian [1]. However, under at high
concentration, the rheological behavior and flow prop-
erties of the suspension may undergo alteration due to
the significant particle fraction causing the concentra-
tion suspension exhibiting flow properties, which are
differenttotheoriginal suspendingfluid. The properties
that may be affected by the presence of a significant
number of particles in suspension include thermal con-
ductivity, density as well as viscosity [2]. Shear-induced
migration, pattern formation, and wall slip are exam-
ples of the interesting flow properties possessed by con-
centrated suspension [3—4]. Among these characteris-
tics, wall slip is the main focus of this study. This is be-
cause the formation of slip layer adjacent to the solid
boundaries may affect the rheological measurement
[5-8]. Due to the presence of wall slip, the measured
(apparent) viscosity and shear rate may show a value
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lower thanthetrue (actual) value. Therefore, it is impor-
tantto have a basicunderstanding on wall slip especial-
ly for industrial purposes in material designing, manu-
facturing, and transportation [9-10].

The occurrence of wall slip intwo phases as well as
the multiphase flow is mainly due to the movement of
dispersed particles away from solid boundaries, leaving
a liquid rich thin layer, which causes a region of higher
velocity gradient adjacent to the solid boundaries. Ac-
cording to Kalyon and Yaras et al. the thickness of the
slip layer is affected by particle sizes and concentration
[11,12]. The presence of wall slip may affect the rheolog-
ical properties of the suspension. The measured (appar-
ent) viscosity will have a value lower than the true (ac-
tual) viscosity causing an error while investigating the
effect of viscosity on the characteristics of a particular
suspension. Behind this phenomenon, steric, hydrody-
namic, chemical, viscoelastic, and gravitational forces
actingonthe particles adjacenttothe wall are the main
reasons [13]. For instance, the physicochemical forces
such as electrostatic force arising between the wall and
the adjacent particles will repel each other causing the
particle moving away from the wall. Similar, when the
flow takes place in a bulk fluid, hydrodynamic and en-
tropic forces will cause deformable particles moving
away fromthe solid boundaries. Static geometry deple-
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4 CONCLUSION

Wallslipis aninteresting behavior of concentrated sus-
pensionand itisvital toindustrial and research purpos-
es to have basic understanding of it. Particle sizes, con-
centration,andtemperature are factors that effect wall
slip. Wall slip velocity decreases with the increases of
concentration due to the fact that the number of par-
ticles in the bulk increase as the concentration of sus-
pension increases, which rise the difficulty for the par-
ticles to slip and move away from the solid boundaries.
Besides, slip velocity increases with the temperature.
This is because the viscosity of the suspension decreas-
es while the temperature increases. The reduction in
viscosity makes it is easier for the particles to slip and
move away from the wall. The larger the particles, the
faster the wall slip velocity. This is mainly due to the
larger particles cannot fit into the gap around the wall
easily resulting in the formation of thicker slip layer
which allows the particles to slip easily.

In this presented work, since the wall slip velocity
is the function of concentration, temperature and par-
ticle size, a regression model is proposed which can be
used as an alternative method for slip velocity predic-
tion. Also, getting the value of true shear rate is essen-
tial while dealing with the flow of concentrated sus-
pension. Therefore, a regression model is developed for
the true shear rate prediction. The proposed regression
models can be applied to ease the user while dealing
with the similar suspension system. Similar idea may
be also applied to another suspension system where it
can shorten the consumption of time while determin-
ing the true shear rate and wall slip velocity.
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