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Numerical Investigation of Electro-osmotic Flow in Heterogeneous Micro-
channels
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ARTICLE INFORMATION ABSTRACT

Numerical modeling of electro-osmotic flow in heterogeneous micro-channels using two different
models is presented in this article. For the thorough modeling of such flows, the coupled
equations of Navier-Stokes, Nernst-Planck and the Poisson-Boltzmann are solved for the flow
field, electric charges transport and electric field, respectively. Numerical solution of these
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equations for the heterogeneous micro-channels is complicated and difficult. Therefore, a simple
and approximate model such as Helmholtz-Smoluchowski has been proposed. In this model the
solutions of Poisson-Boltzmann, Nernst-Planck equations are neglected and the effect of the
electric field on the flow field is applied through a prescribed slip boundary condition. The
electro-osmotic flow fields within the heterogeneous micro-channels are usually complex and
contain the vortex region which is ideal for mixing purposes. Hence, in this paper, the micro-
channels are designed so that they will be capable of serving as micro-mixers in the mixing
applications. For the micro-channels proposed here, the flow fields are obtained both with
approximate modeling and the full simulation of electro-osmotic flows so that a comparison can
be made to discuss the accuracy of the approximate model. The results of this study can be used to
model the electro-osmotic flow field within heterogeneous micro-channels.
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6- Electro Double Layer (EDL)
7- Stern layer

8- Diffuse layer

9- Zeta-potential

261

el Gk 5l Wlgoo aptanai; 09,5 oz ol sbx!
o2 s 1.
4] 555 o2 o 5

Oz Shol Syme podle ()1 5 e Su Jled g, 0
Lgs wlgi o (65,0 ool dad e 48,5 S 4 b, (Suas] ol sl
[9 8] crbliie onge [7-5] (S iSIl olonge wiile ilizes slo b,
Syl olils sl [12] Sw*’)ﬁés)'ﬁ‘ @ [11,10] 51> olase
5 [18-16] sin Jolye @b Jlebd slopsuilSe %0 b
g= bbbl [2019] Jlw (o5 48y 455 anle Jhw yane s
oIl el [23.22] wilse sl Gyb 5l Lo [21] Gl 005
g bz (Sl

balzer) ;o odazmn slaglyz obnl o Joe lahs, 5 (S
slad s oy oyl vl [26-2401] 4 S8 2SI gloonyay 31 ool
5 0ads ALl oagy S5yl b o 0 u il S e s
e Jleel 51 5 o1 g o5l Siganls iU b,z cdipe oy
Dy se ALy &S > 4 mhae Opslre 0 o sl Sl (S Sl
lords iUl plom 4y atinly Gul 4 Ssemly mSI by lae
Loyl o)lgzo olym oS plalimes; 50 5 Cusl Jlws 5 [z o)l900 grbans
S sl Wlgige il Real ojlgs Jomilyl Jlade o3y &
Syge & Glei oo Sl ol jo a8 sl L8 2 s sl g eauses
45 Sygo onl 4w sieoye Jd et 9 Jlb slatg) by 5l lesen
5 by p3ulSe 50 45 [28,27] b slo K0l canslin >yl
52z PP oy el JWb o5l plarear (S SU lase 5l ool
Jo 2 odle Sisanls xS by o et sl 1[30,29] wisds e
Jisl 5 (oSl iy SYoles pgiiege Jliml g (Siwgm OYolrs
[32,31] ol s)le (B0 50 52 igd S (Gl 5 (oSl lal
Slp OVoles pl U g o Ko Ll & jg0ay SYslre ) J>
oalyl5 goae glo by, aiejls (Seal oylps ple b g awaie
9y ol 3 33 7] el amgs BB Lol Slsls o a5 0l e
J sl 505 sSsS Pyl - pgalis Jaa sl ool sliags o Jn
[35,34,6] ol oty il ol 1> !

oz Slapk > sl (SedsSlgonl = ogale (oo )8 Joo b))
ol oiKanl 5 anllas (gl i oyl 0 ) ol 4355 g0 y2aS
ey w2 09 Ol «SSgemsly 2SIl by Ol 2 lyzmein; (oelaw
Lo 55 5 JlS Sy lyas 53y Sy ol e
WSS el 485 JIE (s S50 (SndsS gl - pgpala )i >
(Sole ade 4y a5 il )l il slo oKeal (b jo axgs LB
Slose Jlppe 10 g Conl (Sen 39790 (5,0l b o] cole culls
D oolal LS (gl il o o9 lagy] 5 56 b~

WS> Y oleo -2
&9 0pS LB cdg xSl Jolme S D jslme jo o)l mhaes S5 oS50
plsal slaoyg 4 5y5ba 0,5 o0 )18 50 o 0lns Sap sloos

1- Active
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