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Overview

• Opportunities for CFD to aid 
design of fast pyrolysis reactors

• Work done at Aston

• Proposals for work going beyond 
the scope of SuperGen



Opportunities for CFD to Aid Design
of Fast Pyrolysis Reactors

– Entrainment
– Residence time of vapours/aerosols

– Intra-particle reacting flow
– Location of distributors / potential for 

maldistribution

– Extra-particle vapour cracking 
catalysed by char/ash

– Heat transfer limitations



Overall Approach Employed

• Extensions to commercial CFD software

• Initially use of CFX, now switched to 
Fluent

• Extensions written in Fortran (CFX), and 
now in C (Fluent)

• Use of Matlab/Excel to perform 
sensitivity analyses on submodels
outside of CFD code



Comparison of Fluent and CFX

• As should be expected, only minor 
differences apparent

CFX Fluent



Impact of Drag Coefficient
Gidaspow Syamlal Wen

• Noticeable differences in bed expansion, 
further work required to choose best 
correlation



Impact of Coefficient of Restitution
0.6 1.0

• Higher coefficient of restitution makes 
fluidisation more uniform, further work 
required to determine best value, 
particularly for fast pyrolysis
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Optimisation of Entrainment

• Entrainment 
dependent on 
two stages:
– ejection from 

bubbles
– separation in 

narrowed 
freeboard 

Sand 
and 

char 
ejected

Velocity in narrow
section smaller than
terminal velocity of 
sand, sand falls back

Velocity in narrow 
section high enough 
to carry out char



• CFD modelling in two stages
– Hydro-dynamics of the bed using 

Eulerian modelling only, followed 
by particle tracking of char and 
sand ejected by exploding bubbles, 
ignoring sand bed

– Recent experimental work shows 
importance of coalescing bubbles 
at bed surface => not yet clear how 
to incorporate this new information 
into Aston’s modelling



Reaction Kinetics

• Interactions of volatiles evolution with 
hydro-dynamics two-fold
– Location of volatiles release impacts bed 

hydro-dynamics
– Bed behaviour influences volatiles residence 

time at temperature and therefore bio-oil 
yield

• Reaction kinetics model used so far 
based on Broido-Shafizadeh



• In large particles internal heat and 
mass transfer resistance is a 
significant factor
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Single Particle Sub-model

• Temperature 
distribution in 
a single 
particle as a 
function of 
time (every 
two seconds)
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• Cellulose particle heated to 400C



Single Particle Sub-model Cont.

• Char fraction 
in a single 
particle as a 
function of 
time (every 
two seconds)
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Single Particle Sub-model Cont.

• Volatiles 
fraction in a 
single particle 
as a function 
of time (every 
two seconds)
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• Reaction complete after 20 s



Validation of Conversion Time 
Predictions

• Experimentally through batch wise 
addition of biomass particles of a given 
diameter to a fluidised bed and 
observation of resulting vapour/gas 
release

• Initial experiments indicative of good 
agreement, but further work required 



Conclusions
• Sensitivity analysis important due 

to uncertainty in data underlying 
modelling

• Interaction between reaction 
kinetics and hydro-dynamics 
particularly promising area for CFD 
modelling to have an impact

• Further work required



Future CFD Modelling at Aston 
outside of SuperGen

• Investigation of the significance of 
organic aerosols in the modelling

• Modelling of product collection 
system components (cyclones, 
EP’s, quench columns)

• Development of design tools for 
scale-up to industrial size units


