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Study on characteristics of liquid flow through a rectangular
microchannel with electrokinetic effects
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Abstract: The presence of the Electrical Double Layer (EDL) near a solid-liquid interface results in the
electrokinetic effect on pressure-driven liquid flow through microchannels. The equations governing
the EDL field and the velocity field in the cross-section of rectangular microchannels are the two-di-
mensional Poisson-Boltzmann equation and the modified Navier-Stokes equation, respectively. In this
paper,the equations are numerically solved employing a finite control volume scheme. The relationship
between the pressure gradients and the Reynolds numbers is computed, and the differences between
the predicted and the experimental Reynolds number from pressure gradients are well within 5%. It is
found that the friction coefficients predicted by the model with electrokinetic effect are higher than
that predicted by the macroscale fluid theory in the same microchannel. Stronger deviations are ob-
served as the solution concentration decreases.

Key words: electrokinetic effect; friction coefficient; Reynolds number; finite control volume scheme;

computer simulation

%5 H B : 2006-04-15; 1&1T B #3 : 2006-12-25.
ELTA :EHEKH AR ST H (No. 10572053) ; 15 55 22 4% 1 4 B} 45 L TURLHIF 5L 45 %8 B R8T (No. 20040183057)



KM LS5 L R B AL PR R Bl O B S 523

1 5 =

Bl R g8 (MEMS) 1 44 K Bl B R 48
(NEMS)' i 525 Vo et #hosg e i
IR A U [N & S ESE YL B Y WL e e B ]
FAAERRAEBLAR . 25 PR 42 28 48 vh 24 i 20K o
it B WA A3 ) — AL B IR B B S — A AL
JE 7 98 20 32 Bk O 7 s R e o Y A R 3l
i 07 5 2 — %07 558 2 TR ) 9K Sl I T8 A IR RO
g, GEME TS RGEMRA L, BN
W AR AR . A A LE 0 A 7 T
FEBA W K ENFEIE 18 P T ) SISl B4 AR 2l
Rtk oA Br 47 (9 05 B0 58 088 e DT A Ta) i
— 4B sl . o BRI THOR Ao T RaE 2
FEIE S AR A AT IT 46 0 AT I T8 AP B0 RO
FtE AT ORIE

PR+ 2 1 BRI AR L 30748 O 3% T A%
BT AR 1) 5 0 oy 2 5 A El R TR
FELJ P AR R 5 A 1 SR P 2l 347 SO T I A i
bESU Y R < (S TR e I 7 ST B I AR TR
(1) 9 Sl R 0 R S A e AR BT L T R
L OHL L AR GE PR BE L 0 FLBETHBE ) BT IR
T A B8 S R R A e B . AR SOR AR
T B T DAY T -8 5 T O R = 3 R R Bl K
JO7 7 A ) PRI | AR G2 2l a5 Ty A 3 3 SR A A
TR v 8 4 A R s ) SR At B o O A R
RESDUBIE 5 FiL, 20 800 fol I 3+ AL 8l A ) 5
M o

2 HFARA

2.1 ERMREPHNBES

PN N T T Ay RS T
g AF S AR 7KV TP Y S R R L DA AR A
FOCh M SRR SRS BT RO 2 . R B
RS2 4k g e G XU 2 8
UESE A @ e a7 58 A 3 &R =R O D IR LIBI 2N
mE 1 FoREE K WL s 2H L KR L,

FEIE SO0 18 1 56 Sy 2W L @k 2H L, KO L,
HRFE 5 L 2 HE L A @y ) FIBAAL AR B P 114
HLff % 8 oo Z 8] 19 56 R 0] i — 4k Poisson J7 f#

BI1 PPAT AR AR B 46 T8 S0 T8 1 JL T AR
Fig. 1 Geometry of a rectangular microchannel

formed between two parallel silicon plates
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