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Residence Time Distribution of Particles Passing
through a Rotating Cylinder and a Tube Mill

by Masunori Sucimore and Tatsuo Tanaka
Abstract

The writers carried out experiments on the dynamic characterisstics of solid particles
passing threugh a continuous open-circuit tube mill, 18 cm i d. and 80cm long, and four
rotary glass cylinders, 8.3 cm i.d. and ranging from 40cm to 160cm in length, where no
crushing occurred. After the steady state is reached, potassium dichromate was charged, as
a tracer, almost instantaneously at the inlet of the mill or the glass cylinders as case may be.
From this instant, series of samples in a specified amount were taken out at the exit at
appropriate intervals. The potassium dichromate in the sample was dissolved in boiling water
and the solution was filtered, and its concentration was determined by coldrimetry.

The results were :

1) The amount of the tracer which was discharged from the outlet of the mill and
the glass cylinders followed approximately a logarithimc normal distribution with respect to the
time. This tendency was independent of the filling of balls charged in the mill, the rate of
feeding particles and speed of the rotdtion and the inclination of the cylinders.

2) The behavior of particles passing through was expressed in terms of *the fraction
of the piston flow”, recently proposed by Nagata and his co-workers.?®

3) It was found that there was a close relationship between the fraction of the piston
flow and the dimensionless group, F/nL, which was obtained as a result of dimensional

analysis. The empirical equations obtained were as follows :

A) I'=1—exp {— 133.2 (F/nL)”z}

for the rotary cylinders with no crushing,

B) I'=1-exp{—65.3(F/nL)"}
: for the tube mill.
where I’ is the fraction of the piston flow, F is the feed rate expressed by the volume
per unit time per unit cross sectional area of the cylinder, n is the speed of rotation and L is
the length. As is seen from the equations, when F/nL approaches O, the particles assume
the complete mixing flow, and when it becomes larger the flow mechanism approaches the
piston flow. Balls charged in the mill are supposed to promote the mixing action in the

direction of the axis of rotation.
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