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At the 2021 NETL Multiphase Flow Science workshop we presented:

On the effect of particle Froude number in sub-grid modeling of gas-solid fluidized flows
Among the conclusions of that work we stated that:

Before new sub-grid models could be derived accounting for particle Froude number, further work
would be required to account for: # higher domain average gas Reynolds numbers

# a variety of domain average solid volume fractions

Those goals have been achieved, and related outcomes are now exposed in two presentations:

1) Results accounting for ranges of domain average gas Reynolds numbers and solid volume
fractions, for a range of particle Froude numbers

2) New sub-grid models for effective drag, filtered and residual stresses

Presentation (2) follows next.



Filtered two-fluid modeling
We ultimately aim to provide sub-grid models for filtered two-fluid modeling.
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We go for effective, filtered and residual parameters by filtering over predictions from highly resolved
simulations (HRS) with microscopic two-fluid modeling.



Microscopic two-fluid modeling

On the basis of Anderson and Jackson’ formulation, with microscopic closures as implemented into

the MFIX code by Agrawal et al. (2001).
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Microscopic closures

Drag
Wen and Yu (1966)

Solid phase pressure and viscous stresses

Lun et al. (1984),
as adapted by Agrawal et al. (2001)



Highly resolved simulations (MFIX) / filtering
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H = min[ H,, H, ]

The various coefficients were presented in numerical form since no precise enough mathematical rules
of correlation could be found.
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) ) ) N - [bl(vé’np,y)bz+b3} Aiming for a smaller set gf equat.ions,.we
Prits i Mfils s Hress = al(vslip,y) +as | + ¢ correlate only to a most influential third
parameter (in addition to the meso-scale
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The various coefficients were presented in numerical form since no precise enough mathematical rules
of correlation could be found.
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N 2.056 3.422e-1 6.362e-2 - 3.008e-1 0.0 0.0 5.000e0 -
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8.224 2.106e-3 - 5.653e-3 6.413e-3 -4.537e0 - 4.500e-1 2.935e0 -

1.028 - 6.672e-6 1.416e-4 9.345e-5 - 6.489%1 - 1.000e-2 6.469e1 -

N 2.056 7.645e-5 - 6.980e-5 5.178e-4 -2.988e0 - 4.388e-1 3.485e0 -

Hres,g 4.112 6.027e-4 - 1.523e-3 2.137e-3 -1.132e0 -1.037e0 1.519e0 -

6.168 1.405e-3 - 3.069e-3 3.685e-3 - 1.379%-2 - 4.000e0 - 1.336e-3 -

8.224 1.823e-3 - 3.886e-3 5.017e-3 - 1.536e-1 - 2.078e0 - 2.829-1 -



Conclusions

e Accounting of the proposed sub-grid models:
and A;

v" At the meso-scale: (I_)s, V;ip,y

v' At the micro-scale: Fry

v' At the macro-scale: (¢) and <Reg> (in average)

e Possible improvements:
v" Account for alternative or additional micro-scale markers
v Further assess number and type of meso-scale markers
v" Correlate to macro-scale markers

( refer to companion presentation for behavior analysis )
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