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1 Introduction

The transport of small solid particles can be encountered in many natural processes

like dust avalanches, transport of dust particles in the atmosphere (Hunt 1991), sed-

iment transport and suspension of plankton in the ocean. The same can be said for

technological applications in the field of chemical engineering, materials processing,

pharmaceutical and mining industry. The fluid–particle interaction plays a funda-

mental role in affecting basic phenomena like spray dynamics (Ghosh & Hunt 1994),

separation processes, solid formation in flames and plasma, dynamics of dusty gases,

nanoscale particles in biological systems, gas and liquid-fluidized beds (Ramarao &

Tien 1992, Jackson 2000), rheology of colloidal dispersions and suspensions, and tur-

bulence modulation. The dynamics of suspended particles is then a basic question

for the optimization of a wide range of technological processes and the efficiency of

mechanical components. The performance of a combustor, for example, depends on

the spatial and temporal distribution of the fuel droplets in the mixing layers inside

the combustion chambers, whereas an uncontrolled motion of combustion products

could cause blade erosion inside the gas turbines. Furthermore, particle-laden flows

represent an interesting research subject in terms of pattern formation arising in

sedimenting flows, dunes and ripples, or in the emerging field of the self-organized

criticality (SOC) in the dynamical systems, which have been applied to study prob-

lems like instabilities in sandpiles and other granular flows. Particularly challenging

are the application of the particle-laden flows to prove new theories for the formation

of planets based on the transport of matter inside persistent gaseous vortices (Alfvén

& Arrhenius 1976, Barge & Sommeria 1995).

This work is motivated by the results (see Sec. 1.1) of recent experiments on the

behavior of particle tracers immersed in the thermocapillary flow arising inside the

half-zone model of the floating-zone process, both on the ground and under micro-

gravity conditions. In such a flow, the suspended phase represented by the tracers,

shows a strong de-mixing process with respect to the fluid phase which leads to
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