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Abstract: Intensive heat and mass transfer between continuum fluids and discrete
particulate materials plays a critical role in many chemical reactors [1]. For
example, the shaft furnace and the blast furnace in ironmaking are operated with
continuous charge and discharge of solid materials, and it takes hours for the solid
materials moving from the furnace top to the bottom. To understand and improve
the operation of these reactors, discrete particle models are very helpful when
combined with flow, heat and mass transfer, and chemical reaction models [2-6].
However, due to the high computational cost with such discrete particle models, it
is very challenging until now to study these slow and transient processes.

First, a scaling approach is established for the combined computational fluid
dynamics (CFD) and discrete element method (DEM) modelling of
thermochemical behaviours in moving bed reactors [7]. The scaled model is
derived based on the governing equations of mass, momentum and energy and
then applied to a moving bed reactor. The results in terms of flow, heat and mass
transfer and chemical reactions with different scaling factors demonstrate that two-
order acceleration can be achieved merely by the scaling approach.

Then, the scaling approach is applied to a complicated moving bed reactor, a blast
furnace (BF) to be specific, with significant variations of material properties. The
results demonstrate that the scaled virtual BF model can reasonably predict in-
furnace flow state, temperature distribution, iron ore reduction and the
characteristics of the cohesive zone. More importantly, the scaling approach
makes its practical to track the whole process of iron ore reduction from burden
charge to the cohesive zone [8].

It is a critical step forward towards establishing virtual real-time thermochemical
reactors with discrete particle models.
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