International Journal of Mechanics Research 77321 %%, 2014, 3, 13-21 Hans )i
Published Online June 2014 in Hans. http://www.hanspub.org/journal/ijm
http://dx.doi.org/10.12677/ijm.2014.32002

Comparison of VOF Free Interface
Reconstruction Tracking Techniques for
Simulation of Electrokinetic Microfluidics

Zheng Xu*, Ryo Morimoto, Jiaqing Lu, Shuailong Hu, Lingang Wang

Key Laboratory for Micro/Nano Technology and System of Liaoning Province,
Dalian University of Technology, Dalian
Email: xuzheng@dlut.edu.cn

Received: Apr. 21th, 2014; revised: May 20th, 2014; accepted: May 27th, 2014

Copyright © 2014 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Open Access

Abstract

Electrokinetic microfluidics is one of the main subcategories for sample transport in Micro-Total-
Analysis-System. Numerical simulation is an efficient method for calculating and analyzing trans-
port properties of samples in electrokinetic microfluidics. However, since the strong discontinuity
exists at the interface of sample zone, the numerical dissipation near the interface becomes a key
problem that can seriously influence the computational accuracy. In this paper, the reasons of
numerical dissipation are theoretically analyzed and the techniques based on free interface re-
construction are provided to weaken the numerical dissipation. Firstly, the electric field and the
flow field are solved by using the finite volume method. Then, in order to constraint the numerical
dissipation, several techniques based on the volume of fluid (VOF) are utilized to reconstruct the
flow vectors and solve the sample transport. Lastly, with the developed algorithm, capillary elec-
trophoresis and electrokinetically driven enhanced mixing in microchannels are simulated. The
results show that both FCT-VOF and TVD-VOF can significantly constraint the numerical dissipa-
tion while keeping the interface smoothing and are suitable for the simulation of electrokinetic
microfluidics and other applications.
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Figure 1. False broadening phenomena of
sample zone in electrophoresis calculation
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Figure 2. Negative concentration phenomenon
in numerical simulation of the electrophoretic
mobility movement
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Figure 3. Interface and node distribu-
tion of body-fitted grid control body
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Figure 4. Using the VOF method to solve sample electrophoresis migration issues. (a)
The initial sample zone; (b) Hirt-VOF method; (c) FCT-VOF method; (d) VOF method
based on integral average type TVD format

[l 4. FIF VOF FERMEHmEIKIFER. (2) #MiAHmET; (b) Hirt-VOF 75
%&; (c) FCT-VOF 733%; (d) £T 5 FHE TVD #8389 VOF 737k

Table 1. Physical parameters and boundary conditions in electrophoresis calculation
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Table 2. Physical parameters and conditions in chaotic mixing calculation induced by controlling surface zeta potential dis-
tribution
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Figure 5. Speed form of electro osmotic flow in micro hybrid channel. (a) The
zeta potential of the wall surface uniformly distributed; (b) The zeta potential of
the wall surface symmetrically spaced; (c) The zeta potential of the wall surface
staggered spaced
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Figure 6. The influence of different zeta potential
distribution on the mixing effect. (a) The zeta po-
tential uniformly distributed; (b) The zeta potential
symmetrically spaced; (c) The zeta potential stag-
gered spaced
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