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The analysis of thermal effects on the electro-osmotic flow
in a microchannel with the Lattice Boltzmann method
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Abstract- In this paper the effects of the inlet fluid temperature on the electro-osmotic flow pattern in a two-
dimensional microchannel with constant walls temperature is investigated with solving the governing equations by the
Lattice Boltzmann method. The main objective of this research is to study the effects of temperature variations on the
distribution of ions and consequently internal electric potential and velocity field. For make possible to use the
Boltzmann ion distribution equation, cup mean temperature for every cross section of the microchannel is used. At the
used Lattice Boltzmann method, LBGK model for modeling the Boltzmann collision function and the Zou-He boundary
conditions method for velocity field has been used. Wang model for solving the Poisson-Boltzmann and He-Chen
model for solving the energy equation has been used. The results show that, with increase the temperature difference
between the inlet flow and the walls, the electro-osmotic flow rate increases. Also, observed that with decrease the
external electric potential and the electric double layer thickness and increase the temperature difference at the inlet
zone of the microchannel, a region with return flow is formed which can be used for controlling the internal flow
pattern.

Keywords: Electro-Osmotic Flow, Microchannel, Temperature Effects, Lattice Boltzmann Method, Cup mean Temperature.
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5. Helmholtz-Smoluchowski
6. Non- Plug like flow
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1. Lab-On-a-Chip
2. Electric Double Layer
3 Electro- Osmotic Flow
4. Plug Like Flow

VWA s pich ¥ 8olads V¥ 855 (59 9o SIS0 (s



Hod g oolpde jole

e 090 Sutomlg Sl U > (69 (ol Wl Sl

Srmeny Ko 05y Sateols S olyz opnilyy med
poiiage dolee J> L VY] 5 g sl oS Jaw |, cou
apir Joo )5 aiy e i o1 Joo baug
o Py by el —pguly Wil J> e
)y oo sl So 09y Setenly i Gl (o
558 el 5 3

S (oS ailS g Y sl VY] oo 5 o L
|) odls ool ‘;M «k =Kh= (h/l) > 200) &?55
5 Lo lade golal 5JUT 5 oolaxad L o] o a5 wsls ol
Ll los S aralms Jlow 5 4Y ol Gomt 3y 0 ) Sy
Yoo jo Y pl 4 bgye Ol olod B3> b eew
5JUT 51 o] Cawsds sled g e polie (g5, g poiage
Ay bz Bl ln i luled Ol 4 ) ols
P9y 3l S5l g pstiege Vol U slp eizen B S
Q)b} JLL.J alj.a.m L ool LSL”QL.’.)-?' 6‘}3 u.o).J}a WJ
¥ Gy by, ol a5 wols plas gl s ,S eolaal
D)1 g5 25 S>sS s culs gl )ls (S S alSge
5 Seaslg S bz o o a5 e Jidy anllln
lie o e Lol Bon ol Jls)55 5 slodsy Covosl
Seb sbinl) jo bps i 2 bes id Sl o) n o>
o ol 25T il g LB 51 (S 280 sl
Jed Lol 055 )18 azgs 090 5 Lameiny (B0 50 Semilise
2 led s Pl s Gl 5 50 i (Seez Sl e p
ol 4385 )15 aslllas 3550 Lme) Jsb )0 oo @)e
wes oo olis wn 53 Lan a5 oud iiie slbo)lS wyp
by (Sa5d olss s 55y bl Sl 58 o5
039 Bshane Setanls iU o> o ol hlie 56 5 Lo
259 69, bed Ol i 39, 0 il aSST Jl> o[V o -A] el
Aol Seelus slaahl plo 5 Ghie 5 cuie slags
sl ails glaaxde LB

) os JEl doles U slm pols asllas o
sloo 22 L Loy &9 2 oSl ey dolae (S

. - Y .

Jsb o wose ablio 5l K 2 gl "belre glanls
laog 250 @i ol (258 (nl bl ool o e

2. Mixing Cup Temperature
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1. Shear Flow (Couette Flow)
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