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ABSTRACT

Packed beds have particles of different shapes, which are assumed to be equally and
uniformly distributed. However, in general, the actual arrangement of packing may not be so:
rather, the bed usually contains a “signature” of the way the particles are dumped into the bed.
There is considerable interest in “fingerprinting,” a packing arrangement that results as a result of
both the packing type, size and shape, and method of packing. Moreover, interactions being
multiscale in space and time, the complexity of the problem increases, thereby rendering a
generalized treatment a challenging endeavour. However, efforts have been put forward to
anticipate the overall reactor performance by modeling it and then comparing the predicted results

with the available experimental data.

In this work, an attempt has been made to generate beds, with surface abnormalities visually
observed in industrial packed bed reactors, using a simulation tool to get a detailed portrayal of
particle distribution in the bed. Five types of beds were generated with different packing methods.
The voidage information of the simulated packed bed was compared with the experimental data.
The bulk voidage for different beds was in the range of 37.3 to 46.3%. Moreover, radial and axial
voidage for all the five types were compared and were in good agreement with reported
experimental measurements. To analyse bed property at a macroscopic level, Voronoi analysis
was performed for two structured packings, Square Packing (SP) and Hexagonal Close Packing
(HCP). As HCP and SP are two extremes, peaks for any type of packing will lie between the two.
Moreover, different particles shapes (spherical, cylindrical, trilobe, and quadrilobe) were
considered, and their effect on packing properties was studied. It was observed that cylindrical
particles having an aspect ratio of 1 has bulk voidage of 0.38, and for quadrilobe, the value is 0.43.

As the aspect ratio was increased, bulk voidage also increased as more disorder is present in the
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bed. A function for estimation of radial voidage for particles of various shapes and aspect ratios

was proposed.

In order to evaluate the performance of the Trickle bed reactors (TBR), Compartment
Network Model (CNM) was employed where a packed bed is treated as a network of
interconnected cells. The CNM, which is a simple model which when coupled with flow
information and measurement of local bed porosity, yielded estimation on the performance of a
TBR even for an industrial-scale reactor, albeit at a much lower computational cost. Further,
detailed cell-wise information can be used to improve the design of TBR for a deeper process
where conversion levels are higher. Moreover, the model has an inherent computational advantage
over other available models, which solves second-order nonlinear differential equations. Also,
evaluating one cell at a time rather than solving the whole bed simultaneously using some iterative

scheme makes CNM a valuable diagnostic tool of industrial-scale TBR.
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