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Hydraulic Transport of Solids in Pipes

Part 5, Transitions of Flow Patterns for Solid-Liquid Mixtures
and Fluctuations of Solid Particle Motion

Kyokai Okuda

Abstract

As one aspect of fundamental liquid-solid flow studies, the author presents the experimental results on
the classification of flow patterns of water-sphere mixtures in a pipe, on the basic relations among
nondimensional factors for suspension of solid particles and on the rmotions of single particles in the cloud of
water-sphere mixtures in a pipe. The tests were carried out at the condition of low solid concentration in
pipes.

The main results of the tests were as follows :

(a) Three following flow patterns were classified with the particle concentration conditions proposed
newly by the author after his inspections for the suspension of spherical particles in the pipe cross sections
using the photoelectric devices :

The flow patterns :

(1) flow pattern with moving bed

(2) flow pattern with asymmetric suspension

(3) flow pattern with nearly symmetric suspension

(b) The relations between distributions of particle suspension in the pipe cross section and particle Froude
numbers with parameters of the ratio of sphere diameter to that of pipe were illustrated by the curved
surfaces in space at the constant concentration of particles in a pipe.

(c) The relations among the flow patterns, diameter ratios and particle Froude numbers were also illus-
trated.

(d) It was found that the angular velocities of single particles and particle paths per one rotation fluctuated
violently beyond the critical values for transition of flow patterns after the author’s observations of particle
motions with the stroboscope.

(e) The path lines of single spheres in the cloud of particles were horizontal straight lines or approximate
sine curves with expressions y = Hsin(x/S)x, where y and x were instant saltation height and distance, A
and S their maximum values, which also fluctuated violently beyond the critical values for transition of flow
patterns.
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