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ABSTRACT

Numerical simulations of unsteady transport phenomena in gasifiers, combustors, chemical reactors and
mixers require large amounts of computational time. Alternative methods must be investigated that can lead
to significant reductions of computational time in order to make multi-objective design optimization and
control of such systems affordable.

A variety of Reduced Order Models (ROM) have been developed [1] capable of offering the level of
accuracy comparable to that of Full Order Models (FOM) such as Navier-Stokes or Maxwell’s equations,
while reducing computational time by one to two orders of magnitude. This is especially attractive when
studying complex phenomena governed by several highly non-linear, highly coupled, systems of partial
differential equations. One such analysis is that of a two-phase, gas-solid flow where the two phases are
linked though the momentum and energy transfer between the two phases. One can further complicate the
problem by including chemical reactions.

This work analyzes two-phase, isothermal, gas-solid flow with transport of a scalar which is a chemically
non-reacting additive in its solid, liquid or vapor phase. Any finite number of such scalars can be advected
by either the gas or solid carrier phase assuming that these passive scalars obey the same velocity field as
the main carrier fluid. Thus, one advection-diffusion concentration equation for each passive scalar must
be added to the original two-phase FOM to create an appropriate FOM for such two-phase flows.

The model order reduction in this work utilizes Proper Orthogonal Decomposition (POD) which extracts
an optimal set of spatial basis functions from the solution of the full-order model which in this work was
the multiphase flow software MFIX [2]. The finite volume discretized equations governing the transport
phenomena of gas-dust two-phase bubbling fluidized beds with a passive scalar transport were then
projected onto the extracted basis functions using Galerkin projection to perform the model order reduction.

The results from the ROM were compared to those obtained from the full order model for an isothermal,
mild-fluidization, 2D bed riser case. The ROM was shown to produce results with up to 99.99% accuracy
compared to the FOM. The computational time required by the ROM was only 2 percent of the computing
time required by the FOM.
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