Dynamic process response analysis of particulate systems using geometric ratios
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I. Abstract
Practitioners in industry struggle with predicting the flow behaviour of granular materials because the material properties such as size and shape often change during handling and storage processes.  The changing properties of these materials require  significant research efforts in the initial design phase of new handling and storage equipment. The testing equipment used in the design phase is often the size of bench scale testers and, thus, the scaling of results rely on dimensional and dynamical similarity between the bench scale tester and industrial silos. The scalability of processes is often established by using simulation approaches such as CFD/DEM and experiments which are costly and time consuming.  

This research proposes a new approach on evaluating dynamic systems such as the flow of granular material in industrial silos.  Silos are taken here as homogenisers (big mixers) which mix particles with a large particle size distribution. The first step is to evaluate the flow of material in the silo using established techniques such as optical systems [1] for measuring the movement of fines (particles smaller 100 microns) suspended in air and the shear cell tester for looking at stresses and the discharge characteristic of granular material from  the silo. The two methods were used to find geometric ratios describing the dynamic behaviour of material in bench scale testers.  The geometric ratios are based on symmetry principles.  The symmetry principle applied in this work relates to physical systems and processes that follow the least energetic path to an equilibrium state.  Here we define this equilibrium state as Proportional-Ratio-Symmetry (PRS). PRS was discovered by analysing experimental data and is based on a geometric mean analysis which provides a powerful approach to scale experimental findings from bench scale tests to different scaled equipment.   
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