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CFB comprehensive modeling
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Chalmers model development
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Submodels coupling
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Inert solids fluiddynamics

Introduction
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Reduced wall layer thickness, twaﬂ/Deq [-

Cluster & disperse phases (Johnsson and Leckner)
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Inert solids fluiddynamics
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Pressure balance on circulating loop
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Population balance on circulating loop

Pallarés, D., Johnsson, F.
“Macroscopic modeling of fluid dynamics in large-scale circulating fluidized beds”
Progress in Energy and Combustion Science 32 (2006)
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Fuel mixing & conversion

ﬂ’[—) | -Varying particle size & density

ﬁ/ Dynamical simulation of the mixing of
a fuel batch during all its burnout time

ﬁ is required.
[»

Continuous fuel feeding is later
approximated by superposition of
time-delayed fuel batches.

- Stronqg horizontal gradients

Horizontal fuel dispersion is
approximated macroscopically by
Brownian diffusion process (D,~0.1 m?/s).
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Fuel mixing & conversion

Palchonok et al.

- Fuel particle approximated as «-plane, «-cylinder or sphere
- Quasi-steady state
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. Fuel mixing & conversion

e

Distribution of gas releases in bottom bed
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Gas mixing & combustion

Combustion kinetics are fast at typlcal furnace temperatures.
No coexistance of reactants. T ik ~
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Reactants coexist however on a time-averaged basis.
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Gas mixing & combustion

Macroscopic models in literature aim at modeling the time-averaged value

1

With fast combustion kinetics, a virtual mixing scale has to be used to avoid
burnout and allow coexistance of reactants
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Gas mixing & combustion

Dynamical pressure balance on the gas phase
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Gas mixing & combustion
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Gas mixing & combustion

Simulated data averaged in: - Gas phase
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Heat balance - Radiation

Top freeboard Optical shadowing factor of a solids suspension:
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Radiation effective T weighting for each cell:
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Temperature field

h=5.4047 m




Solids concentration profiles
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Fuel concentration in dense bed
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Fuel concentration in freeboard

Bituminous coal

H=7m

Fuel concentration [kofm3]
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Axial distribution of char inventory
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Axial distribution of fuel size
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Temperature profile
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Gas probes in CFB units
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Gas probe simulation
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Further work

* Model steady-state PSD of bed material
* Enable several inert solid fractions

* Enable several fuel fractions

* Include kinetically-controled reactions

* Include heterogeneous reactions

david.pallares@chalmers.se
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