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Processes achieved with HMT
between particles & fluids

* Drying

* Gasification
* Pyrolysis

* Combustion
* Melting

e Solid - Fluid Reactions




HMT between particles & fluid
has several industrial applications
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eXtended Discrete Element Method (XDEM)

* Dynamics: Particle Motion, Forces & Torques
* Conversion: Heat & Mass Transfer, Chemical reactions
* Ad-Hoc Coupling:

e CFD: Foam-Extend / OpenFOAM

* FEM: Diffpack




Rapid prototyping is possible
with modularity
* Flexibility of changing/swapping software
* Version upgrades in coupled softwares/libraries
* Lack of features

* Unavailability/Inaccessible softwares




6-way. Momentum coupling using preCICE
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Fluid OpenFOAM

. Solves for
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° Add momentum source

with fvOptions

. Forces
Displacements

preCICE y

Momentum source
(explicit + implicit),
Porosity

Displacements

e Compute Drag & Buoyancy
force on particles .
e Compute source terms “l"l“
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Previous work in preCICE
OpenFOAM & XDEM adapter
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Developments done in preCICE
OpenFOAM & XDEM adapter for HMT
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Heat Transfer Only

Physical properties,
flow conditions, Tttt T T T |
T, Cp, Conductivity
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Heat Transfer only Case Set up

| Outlet
Fluid Domain
0.02x0.02x0.1m _
Beech Wood particle
Walls | T=300K
Stationary
Air d =0.02m
T=1123 K
XX A Inlet Yo
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T= 123 K nL I
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Fluid heat used to heat-up the particle
resulting in Fluid temperature dip
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Fluid heat used to heat-up the particle
resulting in Fluid temperature dip
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Mean temperature of the particle for
presented couplings is in good agreement

Mean temperature [K]
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Heat & Mass Transfer Only

Physical properties,

flow conditions, cTTTTTTTT T I
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Fir Wood Drying Case Set up
A
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Fluid Domain
0.15x0.15x0.5m _ _
Fir Wood particle
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Fluid heating up fir wood thus
converting moisture to steam
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Fluid heating up fir wood thus
converting moisture to steam
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Residual Moisture Mass Fraction [-]
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Moisture content in particle closely matches
XDEM reference simulations
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Moisture content in particle closely matches
XDEM reference simulations
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Mean temperature of the particle closely

matches XDEM reference simulations

Mean temperature of the particle over time
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Heat & Mass Transfer
with Reactions: Validation W.I.P

Physical properties,

flow conditions, 1
T, Cp, Conductivity,
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Prototype Biomass Furnace Results:
Validation WI P
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Open Questions & Limitations

* Time steps of all components needs to be equal
(software implementation constraint)
 How to handle species automation? (OF/XDEM Adapter)

 How to handle Euler Multiphase type solvers? (Melting)
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Achieved HMT volume coupling between
XDEM & OpenFOAM using preCICE

Flexibility of changing CFD solver

Validation of results with pre-existing
simulations & experiments

e Can simulate single-phase fluid w/ particles

* Enable drying, pyrolysis, gasification,
_ Luxembourg XDEM Research
combustion Centre
http://luxdem.uni.lu/
.l

e Contribution to preCICE OF adapter
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