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Fluidized Bed

Interface

Experiment —¥ Digital twins =9 Model setups = Simulations
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Hydrodynamics
Heat-/mass transfer

Reaction kinetics

Computational particle fluid dynamics (CPFD) simulations of fluidized bed

- Potential for scale-up

@ Why fluidized bed

- Enhanced heating @ Cyl
- Homogeneous temperature |sot
- Continuous operation mode Beo

@ Operating conditions

reactor: d, = 5 cm
nermal: T =25 °C

Particle size distribution

mat.. quartz sand

Fluidizing agent: air

- @ Numerical setups

mg [g] | ug[cm/s]
195 13.6
293 16.9
390 21.2
488 25.4
586 29.7

dp [um]

— E;n; @ Euler-Lagrange
@ 4-way coupling (MPPIC)
@ 150,000 cells, A=1 mm
@ Upto 16 mil. Lagrange
parcels
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Simulation of up-scaled fluidized bed

@ Scale-up of fluidized bed
- Constant pressure drop
- Same fluidization regime

d Enhanced bubble formation at constant hz and Ap
= Multiple arrays of rising bubbles at d, = 10 cm
= [nner recirculating of particles at d, = 10 cm

Total kinetic o lz >
energy of sand S T Mp,ilp,i

dp | 3cm o cm 10 cm 3 Increase of kinetic energy & bubble frequency
ms | 140g | 390g | 16009 3 Proportional correlation of K¢ with mg
uc; | 21 cm/s |21 cm/s| 21 cm/s _ . .
_ _ _ Future work: contact heat transfer, pyrolysis reaction
Np | 29 mil. | 8.0mil. | 32.0 mil.
Scale-up Iso-surface € = 0.65 Time-mean porosity
5cm 10 cm 3cm 5cm 10 cm 3cm 5cm 10 cm
. Galls Two arrays of 9 5 TE 55 5% 30
- % VO ume rsing bubbles ' | £ ['S] | '
of ’:é Tﬁ fraction —
(RE"5S . & dp [cm] 3 5 10
| hg [cm] | 18.0 | 17.5 17.4
0 Ap [mbar] | 21.0 | 20.2 20.0
K. [mJ] | 2.6 7.6 30.9
ke [mJ/kg]| 18.8 | 19.6 19.3
PRSI g s [HZ] 2.0 3.2 3.8
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