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Introduction

- CYCLONE BIOMASS PYROLYSIS CHAMBER
- THEORY OF DPM
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Discrete particle model

*  Fluid flow equation (RANS): a%(p\?)+p(\7-V)\7=—Vp+V-r+V-z',*@‘7

* Discrete particle equation: l

continuous phase
flow field calculation
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Method

-SIMULATION DETAILS AND SUBMODELS




Simulation details

Particle model Discrete particle model

Solver

Single-Rate+Kin/Dif-Lim Model

Turbulence Model 1
0.8
Species model 06
0.4
Devolatilization Model 0.2
Combustion Model 0
0 01 02 03 04
Radiation Model Discrete Ordinates (DO)




Results

- REACTOR PRESSURE FIELD
- REACTOR TEMPERATURE FIELD
- RESULTS OF PARTICLES OF TWO DIFFERENT SIZES




Reactor pressure field

ANSYS
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Reactor temperature field

Temperature ANSYS
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Trajectories and residence time of
wood particles of different sizes

PARTICLE DIAMETER: 1E-06 M PARTICLE DIAMETER: 1E-03 M
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Particle temperature

PARTICLE DIAMETER: 1E-06 M PARTICLE DIAMETER: 1E-03 M
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Particle volatile mass fraction
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Produced char mass fraction

PARTICLE DIAMETER: 1E-06 M PARTICLE DIAMETER: 1E-03 M

particle-tracks-1
Particle Char Mass Fraction
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Conclusion & next step

Discrete particle model

* Allows the examination of states of fluid phase and particle phase at
the same time;

* But has limitation of volume fraction of the particle ( has to be less
than 10%), so multiphase flow model can be used in the future

Cyclone pyrolysis reactor

* Millimeter scale particles can’t follow the swirl flow very well thus
don’t have a good contact with the heated surface, thus have a worse
conversion efficiency than micron level biomass

* Cyclone reactor is a good fast pyrolysis reactor for pulverized biomass,
but not a ideal reactor when slow pyrolysis reaction of bigger biomass
particles is desired



Thank youl!
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Appendix i. Calculation of
particle trajectory

Integrate this equation over time can give you the velocity of particle at each
point of the trajectory

du, 9z (Pp — P)

The trajectory itself is predicted by

dr

dar P
Assuming the term containing the body force remains constant over each small
time interval, and linearizing any other forces, the velocity equation can be

simplified to p
dup _ 1



Appendix ii. Coupling between
discrete and continuous phases

Momentum, heat and mass exchange

The momentum, heat and mass transfer from the continuous phase to
the discrete phase is computed in FLUENT by examining the change in
momentum, thermal energy and mass of a particle as it passes through
each control volume in the FLUENT model. This momentum change is
computed as

18,uCDRe

F = Z ( ppd224 (up —u) + Fother) 1, At




