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* Challenges in modeling Group A particles
e Mini-C2U with MFIX-TFM simulations
 Pseudo-2D bed with MFIX-DEM simulations

* Drag evaluation for different flow regimes

* Concluding remarks
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* Group A particles
* Large surface area, good fluidization properties
* Widely utilized in various industrial processes, e.g. FCC

* Challenges in CFD modeling
* TFM

* Over-prediction of bed expansion using TFM were widely reported in the literature
* Effects of cohesive force and PSD are important but hard to consider in TFM
* Good heterogeneous drag models such as EMMS drag are needed for Group A particles

* DEM

* Very expensive to simulate due to the laroe particle count encountered in most applications
y €xXp gep PP

* Lack of small-scale experiment with manageable particle count and detailed measurements for
validation
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Mini-C2U for CO2 Sorbents

* 10-cm bubbling bed (L1 et al. 2016)
* NETL 32D sorbents ‘

* Diameter: 100 um
* Density: 480 kg/m3
e Umf: 0.0023 m/s

X5 =57.86 um x50 = 111.12 pm Xgop = 160.75 nm SMD =100.21 pm VMD = 113.61 um

X156 = 71.55 pm xgs = 150.19 um Xes = 173.30 pm #PI = 1075533
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* Objectives \ "
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Carbon Capture Simulation Initiative

* In support of CCSI project

* Flow hydrodynamics and CO2 capture performance
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* Flow conditions
* Static bed height: 15cm
* Superficial velocity: 5 Umft
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* Numerical model
* MFIX-TFM with kinetic granular theory

* Algebraic granular temperature
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e Schaeffer friction model

* Grid size: 4 mm = 40 Dp

e Observation

* Homogeneous expansion vs. vigorous bubbling
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* Over-prediction of bed height: 24 cm vs. 19 cm

* Similar to literature results for Group A particles
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Lower bed height, more bubbles, denser emulsion phase
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Numerical Results

* Bed height and bubble analyses
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* Bed expansion height can be reasonably matched with the fine numerical grid

* Unrealistic small bubbles are predicted by 2D fine grid numerical simulations
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Effect of Model Setting

* Model setting
* ALG/PDE granular temperature

e Different friction models
* Fine grid: 2.5Dp

e Observation

* Priction model has no strong impact

* Many small bubbles in simulation
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Fillered Model Simulation

* Model setting dnfiieres

* Filtered drag models
e No filtered stress model
* Grid size: 2mm=20Dp

* Comparison

* Sarkar et al. drag results

Bed heights predicted by different drag models and experimental measurement.

Tests Gidaspow lgdi etal, Sarkaretal. Exp.

Bed height (cm) 258 213 171 18.7

Numerical predictions and experimental measurement of pressure drop for different tests,

Condition| result Exp. (PDT812) Num. Exp.(PDT850) Num.
15cm, 3 Uy 1393+ 25 142 15914+ 23 180
15cm, 5 Upy 1374 + 4.1 146 168.5 4 0.5 175
15cm, 7 Upy 1385 + 2.6 145 167.8 0.5 175
20cm, 3 U, 1409 + 3.2 145 2494 £ 2.1 259
20 em, 5 Uy 1413 + 24 145 246.5 + 1.6 268
20 cm, 7 Ugy 1405 + 1.9 146 2492+ 16 264
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Sarkar et al.




Grid Study Again
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* No good grid convergence for the current modeling of Group A particles
* Bed expansion tends to be over-predicted by TFM with homogeneous drag model
* Bed heights keep decreasing with the grid refinement for both 2D and 3D simulations
* Fine grid simulations predict small bubbles which were not likely observed in experiment

* Coarse-grid simulations with heterogeneous drag, i.e. filtered drag, yield
more realistic results
* Comparable bed expansion to experimental observation can be obtained
* More realistic bubbling behavior in simulation can be obtained
* Moderate grid dependence for bubble characteristics

* Questions
* Are those small bubbles predicted by the fine grid simulations realistic?

* If not, why would that happen?




Pseudo-2D Column for Fine Particles ¥L ?EE:“:”;;%&Y
* Pseudo-2D fluidized bed (Li et al. 2017)

* Dimension: 45 x 5 x 0.32 cm

* Sieved FCC particles: 148 pm, 1300 kg/m>, (U_~=1.73 cm/s)
* NETL 32D sorbents: 100 Um, 480 kg/m?>, (U_=0.23 cm/s)
* Tests and measurements

* Various bed heights and gas velocities
Flashing front light Flashing back light

Close view
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MFIX-DEM Simulations

* Non-cohesive FCC
° Ug:Z, 3, 5 Umf 6.7 6.9

7~7.3 7.2

* H=6 cm, 3.2M 7.978.2 7.9
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e Effect of cohesion Time: 1.06 s

F.../W=0 5 10 20

max
van der Waals force

Experiment




FCC Particles

 Effect of cohesion

Bubble diameter (mm)

25

* Bubble analysis and bed height
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Condition Experiment Prediction Prediction
(cm) Fogwmax/Wp =0 Fogwmax/Wp =5
2 Umf 6.7 6.9 7.1
3 Umf 7-73 72 -
5 Umf 79-82 79 8.2
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32D Sorbents N= e oo
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e 32D sorbents
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* Bed expansions were reasonably predicted by MFIX-DEM simulations
using homogeneous drag

* With and without inter-particle cohesive force
* Bubble properties predicted are comparable with the experimental
observation
* No small bubbles observed for 32D sorbents and FCC particles
* Cohesive force has strong effects on bubbling pattern and solid internal
circulation
* Stronger effect for fine 32D sorbents than for coarse FCC particles

* Question

* How about PSD, particle shape, electro-static force, etc.?
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 Different flow regimes uggao et al, 2018) Z\ag
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* Many challenges in modeling Group A particles with different approaches

* Certain success can be achieved using the available modeling tools

* Heterogeneous drag is key to model fluidized bed applications when the
fine-grid simulation is infeasible

* More detailed and reliable experimental data are always needed for model
development and validation
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* This presentation was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.
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Effect of Friction Model N= e oo
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Further Grid Study wagﬁﬁﬁ%ﬁm
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* Simulation setup
* Domain: 2x 10 cm
* Same bed material and gas flow
* Time-average voidage distribution
* Verify when the bed height converges

* Observation
* Bed height keep decreasing with grid refinement
* No true convergence has been observed so far
* Many extremely small bubbles (not shown here)
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