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Problem Definition

Packed beds are common to adsorption scrubbers, packed bed reactors, and trickle-bed reactors
widely used across the petroleum, petrochemical, and chemical industries. The micro structure
of these packed beds is generally very complex and has tremendous influence on heat, mass,
and momentum transport phenomena on the micro and macro length scales within the bed.
On a reactor scale, bed geometry strongly influences overall pressure drop, residence time
distribution, and conversion of species through domain-fluid interactions. On the interstitial
and particle scale, thin film flow, interphase mass transfer, and local eddy formation are also
strongly influenced. In the present research, a model has been developed to simultaneously
resolve mass transport in a turbulent fluid and solid catalysts (with reaction) using a conjugate
mass transfer model. It is the goal of this project to extend our current work to investigate
chemical looping combustion in packed bed reactors to address mass transport with reaction
and the resulting energy generation and transport.

Research Objectives

The overall objective of this project is to elucidate the phenomena of heat, mass, and momen-
tum transport on the length scale of the catalyst particle. Developing knowledge in this area
will improve the fundamental understanding of the effect of bed geometry on the transport
phenomena seen in packed beds. In order to achieve this objective, several milestones need to
be reached:
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1. Domain Generation: A computational domain representing a packed bed of catalyst
particles must be created that is both random and industrially relevant/realistic. Randomly
packed catalyst particles will be arranged via a Monte Carlo type simulation. The particles
present will be realistic (cylinders, trilobes, and quadlobes) and have a distribution of lengths
and radii similar to particles seen industrially.

2. Model Development: An interstitial-scale model that captures the phenomena of heat,
mass, and momentum transport common to non-isothermal reacting flow through interstitial
spaces and solids in a catalytic packed bed will be created. As an initial point of investigation,
steady state solutions through the packed bed using simpleFoam are to be explored. Subsequent
models will utilize the steady-state flow field for passive scalar transport studies.

3. Application to A Significant System: As an example, Chemical-Looping Combustion
(CLC) will be carried out in the generated domains. Specifically, the oxidation of a reduced
metal in the presence of air will be modeled to investigate the influence of flow field on the
conversion of the immobilized oxygen carriers.

Results and Discussion

Currently, random domains of cylindrical particles are generated using a Monte-Carlo packing
approach with relatively high bulk porosity. Computational meshes of these beds have been
generated using GAMBIT and steady-state flow fields have been calculated using the Spalart-
Allmaras turbulence model (seen in Figure 1(a)).

Figure 1: Example of steady-state solution (left) with laminar tracer RTD (right)

Further work investigating residence time distributions (RTDs) of tracer flow through the
turbulent fluid within the domain has been accomplished (Figure 1(b)). Coupled mass transfer
and reaction with a solid region is currently being tested and validated. This particular solver
is based on the conjugateHeat solver in OF-1.6-ext, with the addition of a reaction in the solid
catalyst. A full presentation of the methods used to model flow fields, mass transport, and
simple reaction will be given.
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