Eulerian Network Modeling of Longitudinal Dispersion
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Normalized longitudinal dispersion coefficient vs. Pe, for STM,,, - STMis non-local in time and is equivalent to
STM,,,» @and MCM against experimental data [Jha et al., 2011

performing network-wide time-convolutions of
“elementary throat response functions”.
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Traditional (Mixed Cell Method) Network Modeling
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“perfect mixing” implicitly assumed! ‘
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Shear Dispersion and Superposing Transport Method (STM)
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(a) Schematic of throat, t;, connected to two adjacent pores
p; and p;. The parabolic velocity profile is responsible for
shear dispersion. Axisymmetric representation of throat t;
undergoing (b) forward transport, and (c) backward transport

(a)

Evolving concentration of pore p,. Horizontal lines mark where pore
concentrations are recorded; shown by solid dots. Inset shows M=4
forecast points, and variables involved in eq. 14-16. (b) Schematic
of typical profiles of q_/fand g2 evaluated at A=0andA=1.
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Computed Dispersion Coefficients
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Flow direction

Dispersion coefficients back-
calculated from network model

STM (parabolic profile) matches
experimental data well

STM also predicts minimum in curve
to the left. Accounting for shear
dispersion is only way to predict
boundary-layer dispersion
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Conclusions

e STM captures shear dispersion within throats, which is not possible by any
other Eulerian network model

e STM verified against convolution expressions, making it equivalent to
performing network-wide convolutions of elementary throat response
functions

* STM ,, was validated against published experimental data for D, in disordered

bead/sand packs.

* Mixing assumptions within pores seem to have negligible impact on D,
predictions i.e., MCM and SSM results are indistinguishable.
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