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Introduction

The micro total analysis systems (UTAS) are of great interest for many applications in the life sciences and medicinal diagnostics. uTAS, also called “lab-on-a-chip”, ideally integrate a complete analytical process
(including sample preparation, injection, separation, and detection) in a microfluidic chip format and enable an analysis of a huge number of complex samples available only in minute quantities. Microchannels,
the crucial parts of uTAS, play a number of roles in microchips, such as transport of liquids between microchip parts, mixing reagents, performance of reaction. In this work, we analyze flow and transport in
reconstructed microchannels by employing quantitative numerical simulation methods and an efficient use of supercomputer resources.
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To validate our approach, we simulated flow and dispersion in the empty channel of the reconstructed cross-section. According to
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Figure 1. The workflow of the reconstruction step in our work. Left: a prototype HPLC/UV-microchip; the microchip is placed between the stator and rotor of a Rheodyne valve, and the end 0.0 L L ' ' ' ' ' '
containing the UV-detection cell is fixed by a holder for connection to a diode array UV detector. Top center: a photograph of the microchannel cross-section. Top right: reconstructed channel. 0 20 40 60 80 0 20 40 60 80
Bottom center: experimentally determined particle-size distribution of the packing material. Bottom right: generated packing. : :
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Simulation details roarrangement algorith. In each iteration step, the centers of Flow and mass transport simulation results Velooiy
The simulations were performed in three consecutive steps: i) two particles with the minimal distance from each other move 6
generation of random packings of solid, impermeable ~ apartand then the minimal pairwise distance between all the * Particle size distribution with non-zero variance I
spherical particles using the modified Jodrey-Tory (JT) particle centers in the packing is recalculated. JT-procedure ] ] ] _ ] 1o B
procedure, ii) simulation of flow within the interparticle void ~ Was originally developed to generate monodisperse packings damps porosity and fluid velocity oscillations near the
space involving the Lattice-Boltzmann method, and iii) W|th.|?er|c_)d|c boundaries along all spatial dlmenS|on§. Our channel wall (Figure 6).
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random walk particle tracking method. packings of non-uniform spheres packed in the containers o . .
an arbitrary cross-section. Program algorithm generating * Irregularly shaped space in the channel corners is the
packings was written in C language, is sequential (i.e., location of advanced fluid flow (Figure 6).
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