
Figure 2 : the regime map of the particle velocity

Figure 1: three flow patterns of flow behaviour 
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Introduction

• This work addresses gaps in understanding of particles transported in a flow, which

are widely used in mineral processing and in emerging solar thermal technologies:

• The independent influences of particle mass loading, particle size, and the effect

of gravity and inertia on flow behaviour;

• The role of particles in turbulence modulation with the various combinations of

the aforementioned parameters.

Aims and Objectives

• Examine the flow behaviour under various regimes of the controlling dimensionless

parameters (Φ𝑚, 𝑆𝑘, 𝐹𝑟, defined in Figure 1);

• Identify the various regimes for which the influence of gravity on flow behaviour is

negligible or considerable.

Future Work

• Investigate the effects of inter-particle and particle-wall collisions;

• Study on the secondary flows which affect the particle distribution.

Conclusion

• Three patterns of the flow behaviour have been identified across the various

parameter combinations:

• Pattern 1 occurs for low Φ𝑚 (dilute particles);

• Pattern 2 occurs where Φ𝑚 is sufficiently high to significantly

attenuate turbulence under the influence of gravity;

• Pattern 3 occurs for high Φ𝑚 and high 𝐹𝑟 , where turbulence is

attenuated but gravity is weaker than the flow inertia.

• The magnitude of the influence of gravity in generating a bias on the

distribution of velocity increases with an increase in Φ𝑚 or a decrease in

𝐹𝑟, while it depends non-monotonically on 𝑆𝑘.

• The extent of the influence of gravity is characterised by the height of the

neutral plane:
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(𝑦 = transverse position, 𝑧 = vertical position, 𝐷 = pipe diameter)

above and below which the bulk velocity of particles is the same.

• Green regions = Axisymmetric particle velocity distribution with the peak

value in the pipe axis, i.e. negligible influence of gravity;

• Red regions = Higher particle velocity occurs in the upper half;

• Blue regions = Higher particle velocity occurs in the lower half.

e.g.
𝑆𝑘 = 11.2
Φ𝑚 = 0.053
𝐹𝑟 = 17

e.g.
𝑆𝑘 = 11.2
Φ𝑚 = 1.1
𝐹𝑟 = 17

e.g.
𝑆𝑘 = 11.2,
Φ𝑚 = 1.1
𝐹𝑟 = 34.
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Methodology
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Continuity equation:

Navier-Stokes equation:
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