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CPFD Barracuda Virtual Reactor® Software

e Hatch uses CPFD
Barracuda software since

Particles VolFrac

2012 I»O.SZ
* Multiple Fluid Bed (FB) -
systems were designed

and/or optimized: oasa

—0.312548

O Bubbling, Spouted and
Circulating FBs

L Roasters, Calciners, Dryers,
and Unconventional Reactors

L Cyclones, Classifiers, and
Feed Systems

Copyright © Hatch 2019. All Rights Reserved.



CPFD Barracuda Virtual Reactor® Software
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0.1655316
*Chemistry simulation —0.1194647
can be turned on in —
Barracuda solver
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Segregation

° Segregation of particles in fluid beds under aerodynamic drag and
gravity occurs due to differences in particles density and size:

v’ Particle distribution in space vs. space velocity (pseudo steady state
conditions)

v Particle segregation in time (transient solution)

° Material segregation can cause process failure in FB reactors in mining
and oil & gas industries when PSD and density of solids change during
campaign. As such, process parameters adjustment is critical for:

v’ reflections of those variations

v process efficiency optimization
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CPFD Investigation of Multicomponent Beds
Segregation vs. Space Velocity

9.8000648e+01

— Velocity (m/s)

Multicomponent Bed
(Three Species):

* A(smallsize)

Steady State Reached
l Steady State Reached

* B(medium size)
* C(largesize)

Steady State Reached
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T validation of Segregation Modeling

J.L.-P.Chenand D. L. Keairns, Particle Segregation in Fluidized Bed,
Chemical Engineering Research, Westinghouse Electric Corporation, The
Canadian Journal of Chemical Engineering, Vol. 53, August, 1975.

O Three-component mixture:
same material, different particle size

O Two-component mixture:
different materials (density), similar particle size
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Approach

* Accuracy of CPFD model in prediction:

v’ Particle distribution in space (segregation) vs. fluidizing
gas space velocity at pseudo steady state conditions

v’ Particle segregation in time (transient solution)

* Adjustment of two Barracuda models was used
for optimization:

v’ Blended Acceleration Model (BAM) [2]
v’ Sauter Mean Diameter (SMD) based Drag Model [3]
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Three-component mixture: ,
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Three-component mixture: Qualitative Results

‘ sm1o4uoz|

Underprediction of segregation

Particles Species
3

| ‘ 7.0210065e+02

Unrealistically high segregation

Particles Species
3

Moderate

Particles Species
3

28

26

Wen-Yu drag model with BAM (by default)

Wen-Yu drag model with BAM (tuned)
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Wen-Yu drag model with SMD correction and BAM (tuned)
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Three-component mixture: Qualitative Results
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Three-component mixture: Quantitative Results
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Three-component mixture: best matching results

‘ 3.0000003e+02

Wen-Yu / Ergun model with SMD correction and
BAM (tuned)
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Three-component mixture: best results

Wen-Yu / Ergun model with SMD correction and BAM (tuned)
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Two-component mixture:
different (density), similar size

* Dolomite (2800 kg/m?3): 595-420 microns

- 30 mass %

* Char (702 kg/m3): 841-595 microns

- 70 mass %
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Two-component mixture:
different (density), similar size

Wen-Yu / Ergun model with SMD correction and BAM (tuned)
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Two-component mixture:

different (density), similar size

Wen-Yu / Ergun model with SMD correction and BAM (tuned)
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Transient Results

° Reported in [1] segregation time (~30 s) was
much less than calculated in all CPFD
simulations.

* Calculated segregation time was strongly
dependent on number of computational
particles (parcels).
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Transient Results: Segregation Time vs. Number of
Computational Particles.

Particle separation in time for 300, 500, 700 and 900 s of simulated process time:
21 parcels per cell (top graphs); 39 parcels per cell (bottom graphs). e



Transient Results

° In general, an increase of parcels or mesh refining
increases the solution accuracy, but not for the
segregation time: the more parcels - the longer
predicted process time (do not mix with computing time)
to reach steady state conditions.

* Higher number of computational particles improves
accuracy for hydrodynamics, but significantly
overestimates the time to reach steady state conditions
of particles segregation.
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Conclusions

1. Accurate determination of a threshold between
uniform fluidization and segregation is possible
using CPFD Barracuda

2. Quantifiable optimization of the safety margin
beyond that threshold can increase efficiency of
process industrial vessels (less grinding; reduced
elutriation ...)

3. An accurate prediction of particle separation time
can’t be done using the CPFD-Barracuda software
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