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ABSTRACT

The objective of this contribution is to predict the combustion of wood pellets in an domestic
oven by the Extended Discrete Element Method (XDEM) [1]. It poses insofar a challenge as
various physical processes such as combustion in conjunction with dynamic motion of pellets all
emerged in a gas phase. In order to allow describing the complex interaction between the above-
mentioned processes, a coupled Euler-Lagrange approach was chosen. The pellets are treated
as discrete cylindrical elements of which the dynamics are tracked with the classical Discrete-
Element-Method. It is extended by the thermodynamic state for each pellet to predict both
temperature and species distribution inside a pellet during combustion, and thus, allows tracking
the reaction progress. Thermal conversion of pellets includes heating, drying, pyrolysis and char
combustion. Feeding of particles is taken into account by batches as applied under industry-like
operation. The flow of combustion air with its temperature and species distribution is predicted
by classical CFD approaches. The pellets interact with the surrounding gas phase via heat, mass
and momentum transfer which is taken into account by relevant empirical correlations.

Pellets form a packed bed at the bottom of an cylindrical enclosure through which combustion
air is provided. While streaming through the void space between the pellets, intensive heat and
mass transfer takes place. Combustion air provide necessary oxygen for combustion while hot
pellets transfer heat to the air and thus heating it up. Pellets shrink according to the reaction
progress and thus initiate motion of the packed bed. It is also amplified by the batch-wise
feeding of pellets matching the given mass flow e.g. combustion rate that introduces significant
temporal variations of the entire process. The following figure depicts both surface temperature
of pellets and gas velocity.
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