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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this study, effects of zeta potential distribution and geometrical specifications are investigated on
Received 28 August 2017 mixing efficiency in electroosmotic flows. Flow geometry in this research is a series of converging-
Accepted 15 November 2017 diverging microchannels with different diverging ratios. Governing equations including the Navier

Available Online 20 D 2017 . ; A . ; g the
vailable Online 29 December 20 Stokes equation for fluid flow and the Poisson-Boltzmann equation for internal electrical field are

solved numerically in a two-dimensional domain by using the lattice Boltzmann method. Numerical

Keywords:

Lattice Boltzmann Method simulations are validated against available analytic solutions for electroosmotic flow in homogeneous

Mixing straight channels. The response surface methodology (RSM) is then employed to investigate

Electroosmotic relationship between flow variables and consequently to optimize mixing efficiency and flow rate of the

Response surface methodology (RSM) channel. Results indicate that increasing the zeta potential ratio and diverging ratio, leads to increased

Optimization . o . . . "
value of flow rate, while meanwhile it decreases the mixing efficiency. Zeta potential pattern does not
affect flow rate considerably, but its effects on mixing efficiency is noticeable. Furthermore, it is found
that mixing efficiency and flow rate are more sensitive to zeta potential ratio than diverging ratio. At
last, optimum parameters are determined by RSM which are 0.5 for zeta potential ratio, 0.6 for
diverging height, and pp-nn pattern for zeta potential distribution, all associated to simultaneously
maximized flow rate and mixing efficiency.
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Table 1 Constants and physical properties.
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D 28107°(m?/s)
n, 1.116@10%° (ion/m3)
K 21
& 80
¢ —50(mV)
E —30(V/mm)
P 18103 (kg/m?)
u 181073 (Pa.s)
Sc 8m@103

Table 2 Design matrix in the CCD for the present problem
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Table 3 Actual values of independent variables along with their

responses of mixing performance
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Table 4 Actual values of independent variables along with their

responses of flow rate

T
el Sl yiie (Bly olie ot
ose3)

QM) Q@ Q@3) & h
0.0128 0.0128 0.0126 0.5 1 1
0.0128 0.0128 0.0126 0.5 1 2
0.0141 0.0141 0.0140 0.5 15 3
0.0128 0.0128 0.0126 0.5 1 4
0.0128 0.0128 0.0126 0.5 1 5
0.0224 0.0224 0.0225 0.9 0.5 6
0.0028 0.0028 0.0027 0.1 15 7
0.0124 0.0124 0.0126 0.5 0.5 8
0.0128 0.0128 0.0126 0.5 1 9
0.0231 0.0231 0.0231 0.9 1 10
0.0025 0.0025 0.0025 0.1 1 11
0.0024 0.0024 0.0026 0.1 0.5 12
0.0254 0.0254 0.0254 0.9 15 13
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Fig. 9 Interaction effects of ¢, and h on the flow rate for pp-nn zeta
potential distribution
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Fig. 13 Desirability of the optimized geometry for pn-np zeta potential
distribution

PN-NP 5L Gial)T (6l dige dwdin 4 by e Cangllae ()50 13 S8

09 ° = e
03
~ 0. |
0.7 oS
Desirabiity 0.578
NS
05
0.5
03
04
03
02
0.1
92 T &7 T T
0.5 0.7 09 h 1.1 13 1.5

Fig. 14 Desirability of the optimized geometry for pp-nn zeta potential
distribution

PPN L Gal)T sl dnge i 4 bgyyo Coppsllas (1500 14 S

s 055 5 dlas cal sl atge giia ol 508 et
Ol 4 bcews (giluaigy Bua .cul oo eolaiul &ynST i
b aulo 5l e ol Glojee Sjse a4 LYW Glewsly 5 o anii
Slge olgie a1y el 5l (S p 6 e S gy auglhs
e g1 Cogllan & bgy e sla,sls 13 IS8 50 ans e @il (g jluasnge
5 Jgaz j0 el oad ools (L PN-NP 5,138 ,L sl Grgh sl el b
o)l sl LW lewsly & Silwaion Glp b el )l ag, polie
5 Jgoz bl y .ol oals ools lis Cangllae yl5e ol jar 45 PN-NP L
Sl age 3590 Olye 4 Smgllae Gliee VL L 3j9e 13 IS5
D9
Grsh loyully cap Cogllas 4y byyyo laygils 14 JSG 5o
b ol )y aigy polie 6 Joaz .l oals ools L PP-NN 5 135 L sl
olye2 4 PP-NN L byl (gl B3 plosdly 5 o0 (siloaintin ol
Losyge 14 JSo 5 6 Jooor wluly wasee ol 1) congllan e
15 S o ogiion DLl age 3,90 Jlsie & Canslhae Glie o 5VL
L Glplrsh loyehl cumy coglhe 4 bgye sloyguils

01 olests 18 0931397 ORI D )3 Sule Swiie

09 15

Fig. 10 Interaction effects of ¢, and h on the mixing performance for
pp-nn zeta potential distribution
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