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Abstract: We simulate an emulsion system under simple shear rates to analyze its rheological characteristics using the
lattice Boltzmann method (LBM). We calculate the relative viscosity of an emulsion under a simple shear flow along
with changes in temperature, shear rate, and surfactant concentration. The relative viscosity of emulsions decreased
with an increase in temperature. We observed the shear-thinning phenomena, which is responsible for the inverse
proportion between the shear rate and viscosity. An increase in the interfacial tension caused a decrease in the relative
viscosity of the decane-in-water emulsion because the increased deformation caused by the decreased interfacial
tension significantly influenced the wall shear stress.
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Fig. 1 Schematic diagram of the objectives of the study
and numerical domain of an emulsion system
under simple shear flow
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Fig. 2 Lattice links for the D3Q19 lattice Boltzmann
method used in this work
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Fig. 3 Time evolution of relative viscosity is shown. The
relative viscosity gradually decreases in the de-
aggregation step and remains steady after the
droplets in the emulsion reach steady state
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Fig. 4 Relative viscosity is plotted for different temperatures
at shear rates = 48 /s. Inset indicates that average
deformation of droplets increases with an increase in
temperature
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Fig. 5 Relative viscosity is plotted for different shear rates at
different temperature and is compared with the Cross
model. Inset indicates that average deformation of
droplets increases with an increase in shear rate at T
=280K
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Fig. 6 Relative viscosity is plotted for different surfactant
concentrations for oil-in-water emulsions (round).
Because the interfacial area increases as the interfacial
tension decreases, the relative viscosity increases with
an increase in the surfactant concentration. On the
other hand, the relative viscosity of water-in-oil
emulsions (rectangle) only decreases slightly with an
increase in the surfactant concentration
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