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Taylor-Aris Dispersion in Retentive, Ordered Pillar Array
Columns1 XIAOHONG YAN, University of Pennsylvania and Xi’an Jiaotong Uni-
versity, QIUWANG WANG, Xi’an Jiaotong University, HAIM BAU, University of
Pennsylvania — The method of volume averaging is applied to estimate the disper-
sion coefficient of solute advected in ordered pillar array columns with wall retention
of the type used in chromatographic separation. The mass transfer resistance of the
stationary phase is accounted for. The appropriate closure equations are solved in
a unit cell to obtain the dispersion tensor as a function of the Peclet number, pil-
lar pattern and size, and solute properties. The contributions of the flow and the
wall adsorption to the dispersion are identified and discussed. The model is verified
by comparing its predictions and obtaining favorable agreement with the results of
direct numerical simulations and with available experimental data for columns con-
taining pillars. The model is then used to optimize the pillars’ shape and pattern
to minimize longitudinal dispersion. It is demonstrated that by judicious selection
of the pillars’ shape and pattern, one can achieve significant reduction in the longi-
tudinal dispersion coefficient.
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