Abstract

This thesis investigates conversion of solid fuel particles from different perspect-
ives. In particular, two aspects of the conversion process are studied: 1) the effect
of turbulence on the conversion rate and 2) the combustion behaviour of a single
carbon particle.

Direct Numerical Simulations of polydisperse particle systems in a periodic box
of isotropic and homogeneous turbulence were performed in order to analyse how
turbulence affects the mass transfer rate in such confi guration. The effect of tur-
bulence was found to be identical qualitatively and very similar quantitatively to
what was observed for monodisperse particle systems, i.e. there exist two opposing
mechanisms through which turbulence can affect the reactant transfer to surfaces
of particles. The first mechanism leads to formation of particle clusters, which are
responsible for decreased mass transfer rate, while the other is associated with the
mass transfer being enhanced by turbulent motions. The model which accounts
for the combined effect of turbulence was shown to be applicable to polydisperse
particle systems. The effect of particle back-reaction was also studied, the results
revealed its importance especially in cases characterized by high Stokes numbers.
A sensitivity of the effect of turbulence to selected parameters was investigated
through theoretical analysis and using simple numerical examples. Several para-
meters (mixture composition, particle material, turbulence intensity, particle size,
mass flow rate) were demonstrated to have a meaningful influence on how strong
the effect is. Finally, the effect of turbulence on the conversion rate in practical
systems was examined. For this purpose, an industrial-scale boiler was simulated
in ANSYS Fluent. The results showed that regions of very different conditions can
simultaneously occur in different parts of the boiler, which rules out the possibility
to predict the net effect of turbulence a priori. Moreover, it was shown that the
conversion rate might be affected by turbulence much less than expected based on
theoretical predictions as the reaction rate is often controlled by kinetics, i.e. it is
independent on the rate of reactant transfer.

A simple model for the resolved carbon particle conversion was implemented in
the Pencil Code. Efficiency of the model was achieved by pre-adjustment of diffu-
sion coefficients, reduction of the speed of sound and employment of a semi-global
mechanism. Despite numerous simplifications, an ability of the model to predict
main characteristics of the char particle conversion and formation of a flame zone
was demonstrated by validating the model against experimental and numerical res-
ults. Sensitivity of the conversion rate to kinetic parameters and transport coeffi-
cients was studied. A strong sensitivity to the oxygen diffusivity was registered,
especially at higher temperatures.



