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Mass Flow of Particles in Vertical Pipe
Mutuo SASANO

Abstract

It is known that the mass flow of particles shows a movement of Bingham
plastics, when particles move slowly under the action of gravity in a pipe kept
vertically.

In a viscous fluid within a pipe, the flow velocity is ordinarily assumed to be
zero at the wall. But, in a mass flow of particles, the flow velocity at the wall
never be zero.  So, taking into considerration the flow velocity be finite at the
wall, the theoretical solution of Bingham flow is derived.

In this experiment, glass beads, sand, and polystyrene beads were moved in
a glass pipe. Particles were packed in the pipe, and let flow slowly within a
glass pipe kept vertically.

As the result of experiment, the flow of particles shows the pattern of
Bingham plastics. The velocity and radius of boundary of the plug flow region, the
velocity at the pipe wall, and the rate of mass flow were measured. = The mea-
sured value of the rate of mass flow is in good agreement with the above theory.
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Table Measured data

Samol a ro 1y ty o q Q
mple (em) | Cem) {Cem/s) [(em/s)|(g/em®)| (g/s) | (g/s)

Glass beads (0.5mmg) 1.61 1.20 1.53 1.12 1.57 19.5 18.8

" (1.5mmg) 1.61 1.30, 1.15) 1.05| 1.64] 15.4] 15.3 Note 1)
Sand (0.3mmg) 1.61 1. 45 0.84 0.79 1.50 10.1 10.3
Glass beads (0.5mm¢) 1.61 1.30 1.41 1.29 1. 56 17. 8 17.4

" (1.5mm¢) 1.61 1.30 0.96 0.83 1.70 13.3 12.7 Note 2)
Sand (0.3mm¢) 1.61 1.50 0.88 0.81 1.50 10.9 10.9
Polystyrene beads(0.8mmg) 1.6] 1.20 1.04 0.91] 0. 69 5.9 5.8
Glass beads (0.5mmg) 2.28 1.95 0.95 0.88 1.57 23.8 23.9

" (1.5mm¢) 2.28 180 0.5 0.47) 160 14.00 14.0/ N a2y
Sand (0.3mmg) 2.28 2.15 0. 86, 0.83 1.42 19.2 19.1

Polystyrene beads(0.8mmg) 2.28 1.90 0.76 0.71 0.66 8.0, 8.1

Note 1) Temperature 22C, Humidity 40%
Note 2) " 25C, " 80% (wall coated with anti-electrostatic chemicals)
Note 3) " 22C, " 76%
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