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EFFECT OF THE ZETA POTENTIAL CONTROL BY THE TRAPEZOIDAL ELECTRODES
IN A MICROCHANNEL ON ENHANCEMENT MIXING-PERFORMANCE

YK. Suh”, HS. Heo' and IF. Kang2

This paper presents the numerical results of fluid flow and mixing in a microfluidic device for electro-osmotic
flow (EOF) with an trapezoidal electrode array on the bottom wall (ETZEA). Differently from previous EOF in a
channel which only transports fluid in colloidal system, ETZEA can also be utilized to mix a target liquid with a
reagent. In this study we propose a method of controlling fluid flow and mixing enhancement. To obtain the flow
and mixing characteristics, numerical computations are performed by using a commercial code, CFX-10, and a
self-made code LBM-D. It was found that the flow near the trapezoidal electrode in the ETZEA is of 3-D complex
flows due to the zeta potential difference between the trapezoidal electrode and channel walls, and as a consequence
the hetrogeneous zeta potential on the electrodes plays an important role in mixing the liquid.

Key Words: 7]4-(Electro-Osmosis), At 24 o] #o|(Triangular Electrode Array), E3!7041(Mixing Enhancement), 57}

73723 Equivalent Capacitor)

LM E

A7 E 5L MEMS(Microelectromechanical - System)<}
LOC(Lab-On-a-Chip) 7}l A violA= Ade] 99 270
AgE W FAE FsATlE otk o]RE oA
HHTEA vie FR o g whdeln A dlel 2R
Y f50l FAHEE 8ol oA vfg- Fsith o A
7] AFE 9wd] FAE olss] A o] oy, &
A7l AAsRs A 2], e A% ] A
dozy olgd 4 ok I WS A wd R oneel) o
A 2ge A5 AAA of Ao BAHYE sk o

Aol osir] Aduide] ek o] WshA sl RAe

H4d: 20063 8¢ 169, MAMAEY: 20063 9¥ 13¥.
1 A3, Fotdgta 71AF&F
2 459, Folida 714 ey

* Corresponding author E-mail: yksuh@dau.ac.kr

&

fud

)

=)
o O

ft
3
o

ARE 2elste] AolE Asks W

#

i
)

il

o

=}
=

)

52 ole} HHd J2o IFEFo|t}: Her I &
2 u] 7 Hheterogeneous) AEF TEE BRI E Hol
! g 752 24859t Qian# Baul2]e 7B E]
F5ollA ek ¥d

[+]

X
2.

<o &
=2

s

E} ¥Eid) WEE Fo] {5 BEAS o]EHe
2 BEsr9 Lee 5{3]% Lee {41 Polson¥} Mayes[5]<
e Ad 4F g A THAS 2T F JEE 2
Aoz A Fasle] 7t Hle] Av)d ule} Ag X
eldo] wishy olo] mZ Ad UlE 529 zo|HE FAs
I Utk Buch 5{6]2 PDMSe} A E dlolHE 22 A}
stEo g ofgste] RS et A=A A ol
A AFE rksle} ol @2 Ad Ul 5548 BAEN
o} Sniadecki F{7]2 A2 withol] vis 2ol AFE A
gta o] HMFe] FriXH oz FAAYt SHAE Akt of
o M2 59 WIE o]§st] FAV FAEHES Wl o
3 A7



mlolaz A W Al A59] At ek sl me S} Sdl i X A7 AlLLA A|33. 2006. 9 / 47

Vi Vi
@ ‘‘‘‘ C%) Plane of Shear Cd i
I S
EFEEREEEE CEEG®  Stern Layer Csl
Microchannel Wall Cw
~ Gate Electrode I
db w

Fig. 1 Equivalent capacitor circuit to be used in determining the
potential distribution over an embedded electrode
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Fig. 2 Perspective view of the flow domain surrounded by a
channe! with a trapezoidal electrode array.
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AtEE A2 F9lon Edtade ZUig 98 A= 9
ZAYA si9ith A5 3:H ARgEls Ao
g},

o= Parylene g

32 XIS Uy

E 3Me fstel BEARl Aol AFE e 4
FE CFX-10& ARgsiolon olgh gAld A e 2=
LBM-D2.2 7 Asts} 4% wlmsigiet. A Ax= 4
G3eolA] o 26%b749) HlEY SUAARE ARSSAE
LBM-DollA <k 25@7e} ¢ §WA Axe A43tArt

B EHMQ]] /\],.Q_E] A8z F£9 2 218 717]— SR BPZ—]/\I
3 e2Ed WY ajn %EHJW’OIE} ¥ LBM-D

o] AL
DA

oo

£ (& + e i+ i)~ 1, (X6 = —U, (60— O (X0 ()
7= s 2 cu)? U U
I wap[l-i- 2 e, - ut 22 (e, - 202 ( ] @)
e, =(0,0,0)
for {a=0)
e, =(£1,0,0)¢,(0,+1,0)c,(0,0,£1)c
DBRLY: for(a=1,2,...,6) ©)
e,=(+1,£1,0)¢{(+1,0,+1)c(0,£1,11)c

for(@a=17,8,...,18)
=1 =28 ©®
pu=Yeats = Vieafs” U

6 (X + og 8,1 +t) — g, (Xt) = — [ga(Xf) gy (X)) (8)

el =uwg [1+%eu . u+%(€a “u)? —‘237(“ Wl 0)

¢ =,g" (10)

A7t Epo FIZ2AE Fo| ARAES AHoktgla
AldElE wlg AZo] glE Wl -200um/s, -100pmys,

100

o
o

/Y

[

&potential(mV)

_ PR —t 1 Lt T L
"’-ozo 200 400 600 800

Veontrol(V)

Fig. 4 Change in zeta potential(mV) as a function of the applied
electric potential(V)
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Fig. 6 Pathlines around electrodes for time step
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Fig. 7 Comparison the patterns of the concentration distribution
respect to time step, left; CFX results right; LBM-D results
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Fig. 10 Dimensionless flow rate with respect to dimensionless
relative velocity for LBM-D and CFX results
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