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ABSTRACT 

The axial dispersion of approximately mono-sized spherical particles in inclined rotating cylinders 
with bulk flow has been investigated theoretically using a Monte Carlo model and numerically using 
discrete element method (DEM) simulations [1, 2]. The cylinders were operated under the rolling 
mode. The Monte Carlo model predicted that the RMSD, i.e. the mean square displacement relative 
to the mean axial displacement of the bed, underwent oscillations with time. It was found then that 
the filling fraction of the cylinder and the extent of particle mixing during avalanches influenced 
significantly these oscillations. For example, if the cylinder was half filled, the Monte Carlo model 
predicted un-damped oscillations in the RMSD. Nonetheless, if the filling fraction of the cylinder was 
only 0.26, the Monte Carlo model produced oscillations in the RMSD whose amplitude decreased 
with time. On the other hand, if the radial mixing of the particles during avalanches was perfect, the 
oscillations exhibited a linear increase with time. In contrast, if it was assumed that the particles did 
not mix with each other during avalanches, the oscillations showed an increase with time whose 
gradient increased with time. We confirmed a good qualitative agreement for a filling fraction of 0.26, 
between the Monte Carlo model with perfect mixing and the DEM. However, for a filling fraction of 
0.5 the DEM data exhibited oscillations which increased faster than linear with time (see Figure 1). 
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Figure 1 RMSD predicted by the Monte Carlo model with perfect mixing and collisional dispersion 
during avalanches for beds with a filling fraction of (a) 0.26 and (b) 0.5. Data obtained from the 
corresponding DEM simulations using beds containing 3 mm spheres are also shown for comparison. 
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