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Vertical coal mass
flow rate: ap, W,

Time = 20.0 s.

Prediction of industrial dispersed
two-phase turbulent flow
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Turbulent two-phase flows:
Fluid-particle interaction (mass, momentum and energy transfer)

Particle-particle interaction (collision, agglomeration, attrition)

Particle-wall interaction (inelastic bouncing with friction, deposition)
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MATHEMATICAL MODEL

EULER-EULER POLYDISPERSE APPROACH
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MATHEMATICAL MODEL

EULER-EULER POLYDISPERSE APPROACH

Effective solid stress modeling
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Turbulence modeling

= Laminar for the gas or k-epsilon

= Equation on the random kinetic energy for each particle class qu (polydisperse model)



MATHEMATICAL MODEL
NUMERICAL SOLVER

Neau, Laviéville, Simonin, ICMF 2010

Neau, Fede, Laviéville, Simonin, Fluidization XIV, 2013

NEPTUNE CFD computation efficiency:

Moving wall : U=0.1m/s
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100,000,000 cells
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MATHEMATICAL MODEL

NEPTUNE CFD computation efficiency
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MATHEMATICAL MODEL

NUMERICAL SOLVER
NEPTUNE CFD computation efficiency:

Mesochallenge CALMIP - NEPTUNE_CFD
Industrial Scale Fluidized Bed Reactor: 5m*30m - 81 tonnes of particles R
Mesh: 108 000 756 cells - HPC: 11 560 cores calmip

Time =0.10s



MATHEMATICAL MODEL

NUMERICAL SOLVER
NEPTUNE CFD computation efficiency:

Mesochallenge CALMIP - NEPTUNE_CFD

wZ,
Industrial Scale Fluidized Bed Reactor: 5m*30m - 81 tonnes of particles ":'Ejz-

Mesh: 108 000 756 cells - HPC: 11 560 cores calmip

Time = 18.87s



Why performing such a massive simulation?

- Not only to do nice videos

What can be learn from such a numerical simulation?

 Understanding of the local gas-particle interactions

e Development of filtered approach



EFFECT OF UNRESOLVED SOLID STRUCTURES

HOW TO ANALYZE/MODEL THE EFFECT OF SUBGRID SOLID STRUCTURE

Numerical simulation of large-scale industrial CFB
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MODEL VALIDATION

2D DENSE FLUIDIZED BED
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MODEL VALIDATION

PERIODICAL CIRCULATING FLUIDIZED BED

| i

\4 .

| | With

t .

Subgrid
\ model
IJ.
N
Fr-1 =0.032 Fr-1 =0.128 Fr-1 =0.128
(128 x 128%x1024=16,777,216) (32x 32x256=262,144) (32x 32x256=262,144)



More complex geometries



POLYPROPYLENE POLYMERIZATION REACTOR

Geometry from Soares, J. B., & McKenna, T. F. (2013). Polyolefin Reaction Engineering.
John Wiley & Sons
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FIRST APPROACH

In a first approach the domes have not been considered then the symetry of
the geometry allows to solve the equation in a rotating frame

 Add coriolis and centrifugal forces in gas and solid momentum
equations

* Projection of the gravity

e Rotating moving walls with imposed velocity



ROTATING FRAME
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HYBRID APPROACH

With the domes the first approach cannot be used, then an hybrid method has
been developed.

e Two meshes are used: one static (stator) and one rotating (rotor)

e Real-time non-coincidence mesh joining




HYBRID APPROACH

Rotating and
sliding meshes
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HYBRID APPROACH

sliding meshes
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HYBRID APPROACH — TEST CASE

Time =0.050 s
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HYBRID APPROACH — TEST CASE

Time = 0.050 s
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CONCLUSIONS

 Numerical simulation of dense fluidized bed of an industrial scale geometry is
possible up to 100 millions of cells

* This allows to understand the local gas-particle interactions

e These are “reference simulations” for model development (filtered
approach)

e Rotating mesh opens the doors for the numerical simulation of horizontal
reactor for polypropylene polymerization

e Method validation is still in progress (rotating drum)

e Needs model for frictional effects

e Additional physics



