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Abstract

Estimating the mixing power requirement of granular materials remains a challeng-
ing task for engineers and professionals. In this research, several methods were de-
veloped to determine the mixing power requirement in a horizontal paddle mixer.
Based on the literature, several parameters affect the mixing power requirement. The
physical, material, and geometrical properties of the material, the geometrical design
and dimensions of the mixing apparatus and the operating parameters are among
the parameters that influence the mixing power requirement. The mixing power re-
quirements of hulled millet, fodder corn, and hulled barley were determined at dif-
ferent drum loading factors, rotational speeds, and material moisture contents using
laboratory measurements. A DEM contact model and a dimensionless equation were
created to estimate the mixing power requirement. The dimensionless equation con-
siders the effects of the mixing Froude number and the bulk cohesion, and introduce
a new dimensionless number, the cohesve power number. The developed simula-
tion models and the dimensionless equation can be used to estimate the mixing pow-
er requirement in horizontal paddle mixer.

Keywords: mixing power requirement, horizontal paddle mixer, granular materials,
discrete element method, direct shear box, static angle of repose,dimensional analy-
Sis
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10.Summary

The mixing power requirement of granular materials is influenced by many dif-
ferent material, geometric and operational parameters. The aim of this work was to
investigate the possibilities of determining the mixing power requirement in a hori-
zontal paddle mixer. Based on literature review, it was concluded that there was a
need to develop methods suitable for describing the mixing power requirements of a
horizontal paddle mixer.

The laboratory measurements were carried out to determine the mixing power
requirements of hulled millet, fodder maize and hulled barley at different moisture
contents. The results showed that increasing the moisture content led to a decrease in
the mixing power requirement of the hulled millet compared to the initial air-dry con-
dition. The moisture acted as a lubricant, reducing the friction between the grains. This
phenomenon was supported by direct shear box measurements. The moisture content
did not have a significant effect on fodder corn and hulled barley. However, increas-
ing the moisture content also increased the mixing power requirement for all three
materials. This suggests that cohesive forces were present between the particles due to
the surface moisture content. In the air-dry case, hulled millet had the highest mixing
power requirement, followed by hulled barley and fodder corn. The laboratory meas-
urements were used to validate the discrete element method simulations and to de-
termine the unknown values of the dimensionless power number equation.

The discrete element method (DEM) was chosen based on literature research to
determine the mixing power requirement by simulation. DEM simulations were per-
formed using a cohesive contact model. The results were validated with measure-
ments of hulled millet with surface moisture content. In the simulations, the rolling
and twisting resistance coefficients were made rotational speed and drum loading fac-
tor dependent. These coefficients were validated by measurements with two bulks of
material with different mo isture content. Based on the simulation results, it was de-
termined that a contact model including speed -dependent micromechanical parame-
ters is necessary. Based on the literature, a new viscoelastic contact modeMiEITo) was
created, which included velocity dependent dampings. The applicability of the model
was investigated by simulating direct shear box and static angle of repose apparatus-
es The results were compared with laboratory measurements. In the direct shear box
simulations, it was found that inc reasing the shear velocity up to a certain value does
not result in a significant change in the shear force, and therefore the time required for
the simulation can be reduced. In addition, it is sufficient to test the change in the force
acting on the preload plate. This eliminates the need for time-consuming shear ve-
lovity sensitivity tests. The VIEITo contact model was found suitable for simulating the
rheology in the hulled millet bulk using direct shear box tests with preloads of p @& p
kPa and ¢ & CQU .cHowever, for the smallest preload of p @ ¢QU significant differ-
ences were observed between the measured and simulated results. The/iEITo contact
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model, which includes linear damping, was unable to accurately describe the process
and requires further development. Based on the results of the static angular simula-
tions, the VIEITo contact model was found to be suitable for simulating the dynamic
motion.

After conducting preliminary tests on the VIEITo contact model, simulations
were carried out to determine the mixing power requirement. Before calibrating the
unknown micromechanical parameters, 3D model z Bhesh element number, time step
and parameter sensitivity tests were carried out. Based on the results of the meshele-
ment number sensitivity test, it was concluded that it is acceptable to use the mini-
mum mesh element number necessary to describe the shape of the mixing blades, thus
reducing the required simulation time. The simulation results of hulled millet were
validated at 8o b moisture content and p 1 Fand p v Fdrum loading factors. It was
found that the viscous component of the resistance torques had no effect on the mixing
power requirement. By neglecting them, the VIEITo contact model is further simplified
and fewer calculations are required in a simulation cycle.

In addition to the measurement and simulation methods, the mixing power re-
quirement in a horizontal paddle mixer was described using dimensional analysis.
Based on literature research, the parameters that affect the mixing power requirement
ware determined. After that, a dimensionless power equation was created using di-
mensional analysis, from which the mixing power requirement can be calculated. The
unknown parameters of the equation were determined using the measurement results
of air-dried hulled millet and a non -linear solver.

The dimensionless equation created in this study is innovative because it consid-
ers the mixing Froude number, and bulk cohesion was used instead of the cohesive
force in the derivation of the equation. Additionally, the equation introduces a new
dimensionless number, the cohesive power number, which relates the mixing power
requirement to the bulk cohesion, while considering the apparatus size and the rota-
tional speed. It considers the bulk cohesion instead of the bulk density, characterizing
the cohesive strength of the bulk. The cohesive power number replaces the power
number which is also used for mixing liquids. The cohesion power number, the cohe-
sion number, and the power number are closely related.

The created simulation environment and the dimensionless equation can be used
to estimate the mixing power required for horizontal paddle mixer. The results of this
work can be of assistance to engineers in the designoperation, and development of
similar mixers.
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