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The complex nature of gasification, wide range of available feedstocks together with an
extensive process parameter space, and various types of reactors and possible reaction
paths impede the development of a comprehensive and rigorous modelling description of
gasification. To meet these challenges, we develop the biomass gasification solver based
on the well-established open-source CFD software OpenFOAM.

The solvers embedded in the standard OpenFOAM distributions for modelling pyrolysis
(fireFoam), chemical reactions (reactingFoam) or gasification in fluidised bed (coalChem-
istryFoam) are not suitable for modlling gasification of thermally thick biomass particles.
Currently available approaches do not consider the mutual influence of the reacting flow
neither gasified solid nor volumetric reactions within porous material.

In this work, we present the new solver biomassGasificationFoam and the complemen-
tary library biomassGasificationMedia developed to simulate a wide range of processes
and applications related to the gasification of thin and thick biomass particle and, after
further development, to simulate fixed bed gasification. The biomassGasificationFoam
solver is based on the algorithm used in the unsteady solver reactingFoam available in the
OpenFOAM standard distribution.

In this code, we implemented the following:
- volumetric reactions within porous material,
- homogeneous and heterogeneous reactions with the heat of reaction defined directly or
derived from enthalpies of formations,
- a flexible definition of biomass and its thermochemical properties,
- customisable kinetic mechanisms of pyrolysis and gasification,
- heat and mass transfer between gases and solids around and within porous medium,
- transient flow within and around porous medium,
- separate energy equations for gas and solid phases for thermal non-equlibrium effects.
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To allow the volumetric implementation of thermal processes, we propose to introduce
porous medium inside the main computational domain as a volumetric porous field. In the
current approach the equations inside and outside the porous medium are the same and
the boundary has no extra dynamics of its own. The three-dimensional, time-dependent
mathematical model of the thermal conversion of biomass is based on conservation laws
that are determined for both gaseous and solid phases. The solid is an isotropic or
anisotropic porous medium. The boundary of the porous material is the surface where
the physical parameters present in those equations are discontinuous. In the momentum
equation, for example, both the d’Arcy term and the usual viscous term of a Newto-
nian fluid, as in the Navier-Stokes equation, are formally present on both sides, but the
associated coefficients have a jump across the interface.

The new set of libraries that we implemented introduces thermal, chemical, and radiation
properties of such defined porous field and determines their interactions with the gas
phase flowing through and around these fields. Essentially, the libraries handle biomass
as a collection of additional scalar and tensor fields within the computational domain.

The model of the thermal conversion of biomass, as presented in Fig. 1, is constructed
from three main elements:
- the definition of a porous medium and its mechanical properties - porousReactingMedia
library;
- definitions of thermal, chemical, and radiation properties of solids - thermophysicalMod-
els libraries;
- class linking the above libraries to the biomass gasification model - heterogeneousPyrol-
ysisModels.

Figure 1: Structure of the developed code: the solver and collection of libraries.
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