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As the power of computers increases, and software becomes more sophisticated, advanced
computational modelling is being increasingly used in many chemical engineering processes.
including the modelling of heterogeneous catalytic reactors. If we disregard empirical type
models, then the most common technique used to develop a computational reactor model is to
develop the partial differential equations (PDE) that describe the conservation equations.
Together with relationships for kinetics and physical properties, the PDE can be solved by the
appropriate numerical method, usually the finite volume (FVM) or finite element (FEM)
methods. Commercial software is often used.

The physical and chemical phenomena that are important in a catalytic reactor happen at
several length scales. A model of a heterogeneous catalytic chemical reactor thus represents a
multi-scale problem. The smallest scale that might be considered is the molecular scale, where
the various molecules interact with active sites to effect the reaction. It is certainly common to
eliminate this scale through the use of global kinetic expressions, however, it is often necessary
to use more detailed mechanisms, either because the global approach lacks accuracy or a more
detailed description of the product distribution is desired. A typical porous catalyst has a pore
scale on the dimensions of nano-metres, and the catalyst itself may consist of particles ranging
in size from microns to millimetres. The void space inside the reactor is also typically on the
millimetre scale, and the reactor itself may have dimensions on the scale of metres. To solve
the governing PDE for the reactor requires the spatial discretization of the solution domain,
however, a complete discretization of all scales is either extremely time consuming or not
possible at all. Usually only the largest scale is discretized and some form of volume averaging is
used over the domain. The challenge is to incorporate the smaller scale information in the large
scale model. This is usually done using sub-models, referred to generically as scale bridges.
Scale bridges can be as simple as an algebraic equation or require the solution of a complex set
of PDE on a sub-grid. The efficient choice of a scale bridge is often crucial to achieving a cost
effective and timely solution.

This talk will discuss some methodologies for hierarchical multi-scale model reduction. It will
focus on the use of pre-computed data stored in look-up tables as a means of achieving said
computational efficiency. Some practical examples used in the modelling of structured reactors
will be illustrated.
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