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Transition in particulate pipe flow is much more complicated compared to that of
single phase flow in that not only the flow rates but also the particle size and con-
centration influence transition. Despite its wide applications in industries such as
oil and gas, chemical and food process, transition to turbulence in particulate pipe
flow has not been studied extensively. To date, indication of transition in particu-
late pipe flow1 has been quantified only by pressure drop measurements without any
velocity measurements. In this study, we propose to employ a constant mass flux
system2 and conduct velocity measurements of the two phases using a 2D particle
image/tracking velocimetry (PIV/PTV) to map and characterise the flow structures
in the transitional regime in particulate pipe flow.

To this end an experimental rig consisting of a 12 m long horizontal glass pipe
with 20 mm in diameter is set up wherein a piston and cylinder arrangement pulls the
fluid at a constant rate out of a bell-mouth shaped inlet positioned at the center of the
source tank. A transparent heavy fluid matches the density of spherical, monodisperse
glass beads (solid particles) for neutral buoyancy under controlled volume fraction
(C ≈ 0.001-0.010). A bespoke PIV/PTV system is devised to map the velocities of
the carrier fluid and the solid particles in Eulerian and Lagrangian frame of references
respectively. The measurement technique involves generating a thin LASER light
sheet and depth of field to illuminate both phases in the longitudinal and transversal
planes with the cameras oriented respectively to take successive images in these two
planes simultaneously. For the two-phase 2D PIV implementation, the liquid is seeded
with silver-coated hollow glass beads (tracers) of relatively smaller size and about the
same density to follow the flow passively, and represents the fluid phase, whereas the
non-buoyant, bigger sized particles act as the solid phase and interact with the fluid
mechanically. Due to the varying sizes and optical properties of the particles and the
tracers3, a 2D tracking method can be applied simultaneously to detect4, and separate
the two phases. The image processing involves the following steps: restoring the
image distortion; detection of solid particles; refinement of detected features; linking
the trajectories of the final detected features, and finally treating the separated fluid
phase with standard PIV algorithm.

Results from this research are expected to offer unique insight into the transitional
regimes encountered in particulate pipe flow, the effects of addition of particles on the
flow structures and how they differ from single phase flow. The present PIV/PTV
measurement technique has been validated for dilute particle concentration (< 1 %
in volume); however, some of the measurement challenges such as false detection and
linking of particles at higher concentration needs to be addressed sufficiently.
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