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Many engineering applications in particular process engineering deal with a particulate
phase and a fluid phase such as liquids or gases simultaneously. Predominant applications are
as diverse as pharmaceutical industry e.g. drug production, agriculture food and processing
industry, mining, construction and agricultural machinery, metals manufacturing, energy
production and systems biology. These applications commonly span a large spectrum of
length and time scales that need to be resolved to predict relevant phenomena accurately.
Only recently a novel and innovative technique referred to as Extended Discrete Element
Method (XDEM) has emerged, that is based on an Euler-Lagrange concept. An outstanding
feature of the numerical concept is that each particle is treated as an individual entity that is
described by its thermodynamic state e.g. temperature and reaction progress and its position
and orientation in time and space. The thermodynamic state includes one-dimensional and
transient distributions of temperature and species within the particle and therefore, allows a
detailed and accurate characterization of the reaction progress on the scale of the particles in a
packed bed. The distribution of particles in a packed bed defines the interstitial space between
them that is available for the fluid to flow through the packed bed. The flow in the void space
is described by well-established Computational Fluid Dynamics and is coupled to the
particulate phase through heat and mass transfer. Thus, the proposed methodology provides a
high degree of resolution ranging from scales within a particle to the continuum phase as
global dimensions. These superior features as compared to traditional and pure continuum
mechanics approaches are applied to predict pyrolysis of wood particles in a packed bed as
shown in fig. 1.
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Figure 1: Gas and particle resolved temperature during
pyrolysis of a packed bed
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