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Theoretical and Numerical investigation on switching process of electroosmotic
flow in a Y-shape three-way channel
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ARTICLE INFORMATION ABSTRACT

In this paper, switching process of electro osmotic flow is numerically and analytically investigated in a
two dimensional Y-shape three-way channel. In this research, it is shown that changing the flow
direction through a three-way channel can be simply conducted by varying applied electrical voltage at
channel’s ends. In theoretical approach, three equations are introduced to approximate switching
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voltage ratio and dimensionless flow rate before and after switching process, respectively. These
equations are derived base on some simplifying assumptions when distance between output branches
and dimensionless double layer thickness parameter are assumed to be flow variables. Numerical
simulations are also conducted by using the lattice Boltzmann method to solve all governing equations
including the Navier - Stokes, the Poisson - Boltzmann, and the Laplace equations in a 2D three-way
channel geometry. Comparison between analytical and numerical results indicates that introduced
approximated equations can successfully predict switching voltage ratio and dimensionless flow rate
(before and after switching process) by employing considerably lower computational efforts in
comparison with numerical approach. In this regard, the introduced semi-analytical equations can be
useful for better understanding and to more effectively designing of micro electro mechanics systems.
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Fig. 6 Internal potential (1) field in the Y-shaped three-way channel for
k=15and a =1
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Table 2 Required voltage ratio (A) to stop flow in the lower channel

alf,A(15)  A(k=15) A(k=15) a
0.5625 0.5612 0.5616 1
0.5882 0.5886 0.5914 2
0.6111 0.628 0.6160 3
0.6316 0.6340 0.6375 4
0.6500 0.6532 0.6566 5

k=5 sl JolS Gl oy (VL Ll 5l 500 (203 Jgu
Table 3 Upper channel flow rate in full-flow condition for k=5.

s Ho )0 A-h.“) Qup(14) (go0e J>)Qup a
6.0 0.3685 0.3920 1
5.3 0.3531 0.3730 2

5 0.3390 0.3571 3
4.9 0.3260 0.3429 4
4.7 0.3139 0.3295 5
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Table 4 Upper channel flow rate in single-flow condition for k=5

s oy A‘Ja‘.“) Qup(17) (goue &)Qup a
6.1 0.5297 0.5640 1
53 0.4985 0.5264 2
49 0.4708 0.4953 3
4.7 0.4461 0.4683 4
4.5 0.4237 0.4440 5
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Table 5 Upper channel flow rate in full-flow condition for k=15

s it 4-jaf‘) Qup(14) (goae &)Qup a
6.9 0.5275 0.5667 1
6.9 0.5056 0.5428 2
6.7 0.4853 0.5203 3
6.5 0.4667 0.4992 4
6.3 0.4494 0.4796 5
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Table 6 Upper channel flow rate in single-flow condition for k=15

[CERVTS abal, Qup(17) (gooe J=)Qup a
7 0.7583 0.8151 1
6.7 0.7137 0.7646 2
6.4 0.6741 0.7201 3
6.1 0.6386 0.6802 4
5.8 0.6067 0.6443 5
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Fig. 10 External potential (¢) field for single-flow condition when a is
settobea =1
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