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Abstract

The flow in a microchannel is usually characterized as a low Reynolds number (Re) so that good mixing is
quite difficult to be achieved. In this regard, we developed a novel chaotic micromixer; named Serpentine
Laminating Micromixer (SLM) in the present study, Part I. In the SLM, the higher level of chaotic mixing can
be achieved by combining two general chaotic mixing mechanisms: splitting/recombination and chaolic
advection. The splitting and recombination (in other term, /amination) mechanism is obtained by the
successive arrangement of “F”’-shape mixing units in two layers. The chaotic advection is induced by the
overall three-dimensional serpentine path of the microchannel. Chaotic mixing performance of the SLM was
fully characterized numerically. To compare the mixing performance, a T-type micromixer which has the
same width, height and length of the SLM was also designed. The three-dimensional numerical mixing
simulations show the superiority of the SLM over the T-type micromixer. From the cross-sectional simulation’
results of mixing patterns, the chaotic advection effect from the serpentine channel path design acts favorably
to realize the ideal lamination of fluid flow as Re increases. Chaotic mixing mechanism, proposed in this
study, could be easily integrated in Micro-Total-Analysis-System, Lab-on-a-Chip and so on.
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Fig. 1 Serpentine Laminating Micromixer (SLM)
proposed in this study: (a) schematic diagram of
the SLM and (b) the conceptual cross-sectional
mixing behaviors of the ideal lamination at each
indicated position in (a)

g vt} Zo] & ¢ Aude £ dAJS
g o] g o, ¥ ¥o] EAsA Feud
Fig. 1(0)g} 22 o33 2oilo) g &7 I8
T 9o A2 Ao ALd U}olﬂi 9
"1—4 HAyg §2 325 288 F #4 £%l
A AAGstE FAA ek ol FE 55"
v ZHE opr|std, F 59 AAY Al &
g glojx FEstr] FE oHHY gruiolds
FEY £ A=H =S o (ol2d EF 9A
UZe X848 F9) 2o A=A dgsin
2 gich) whepa], 2 ATdlA Albd wlo]aE
A ol aHdoz AFPd T ez EF

AUELS vlolaz Ad9 af{ W¥eE 455
FYE 5 FA T AA "W VEEFTHoR
= He d99 Re oA BT} 2 59 Jl2
2 L FEET oo B =R Atd
7to 2 vlo]AE HAE “pdF gtujdlo]d ato]
AR Y X (Serpentine Laminating Micromixer, SLMY* &}
3

I
5
o

l

2

e

ojlz=z Ag Uik
o] EAFA %7 WEo F-A FF EF
ka3, s 1w AEAE 59 B3
EH%*Ei Ayq —fF skt o AAbst

7bsdteh &3, SLM o] 7zl gpujdlo]d £3
AL F7 “Woi B2ag FAE 3538
28 MEMS BFHUV AR ZFA)S

Fo

mloé_&

ol

o
ot »L

Dy ok O o o JE

1]

& orle rhb e @

4
2 o2

of

- o] Alg - FEd - Chong H. Ahn

e dolae 4G A w5 Ee S2o

£ge #EY 5 gt 340 Aok F, o

Sl wls) FEE 2 A7 @R Aol
H

de FEE 7}7‘]71] "ot ol 59,
B 7HAE welaz Add a3 I3
24E HE3 Schwesinger 519 wlo]mz2
= Aojzt Aok EF, F-A ¥4 EF
BEEHE F F4 459 f5 42 4o
Al FAS A ABRE FrEdte 3
AA D ek o]9 2] Schwesinger 529 E:—i
g EF 84E FEHE F A9 45 A=
Zol7} Apol7b Yr] Wiio] A3 Ejfo] o] Folz
2 ¥3 wlola R YUAME wAUYstE FRo 42
T Ae 2EE 7K

to a2 rlo 2 o

rutm 4
N oft w12 rhi

3. x| oA

AF3 uhe} o], £ AFA AIE SIM Y
s 28 2 AWE e~ %J AU S
7t22 olF Ftez Y wWAYFY T ez
g dAYFel 24 8 glo] #3 &5 v
Holde #dsy) g3 addez AgHA gl
t}. ofo] AHE SLM WReA dojutes EF A
& ZSst7l A8, & A AW (Finite Volume
Method)S 7]¥tez &t A4 AM A I
(computational fluid dynamics) EA} Z 219l
CFD-ACE+E& o] &3lo] & 7§ FARAE F
Yahelnt,

FA BAAME vgEA, 78 TS M s

Rem, A ’Z}EIH F5E 7HsEo Aw)
Aoz {FA HFEo dHIAME dE5 WA AM
(213 Navier-Stokes B4 214 ())& 14 4 es5tgdon]
nlolm 2 A Wi Z2E Alsolute)ol sl

Ale d4A g F-84F A 2 (species  convection-
diffusion equation, 2} (4))2 & &3+% o}
V-¥V=0 )
oY i vV 3)
dt
‘_ig = DVZC 4
dt

ol W, Vi 4% &£& AHod, po 4= F4Y
Do}l %3 A X(dynamic viscosity)o) ™, didt & &



Abe B¥dE 438 e s molaz ux e s Ay ghedlold mlela g M)

230pm

S

60;unf

2301
P

B

(b)
structured  grids
computational domains used in the present CFD

Fig. 2 Three-dimensional of the

(computatiopal  fluid  dynamics)  mixing
simulations: (a) T-type micromixer and (b) SLM

v} ¥-(material derivative), t = A3}, pE ¢€, C
Yz F=E vzt

EF E A% £ B ol SLM 9]
& A% vaE A LT 54 dolg A
T- nfo]l3 2 BME gAlstd FI4¢ 2
o FA BALZ £330

S, SLM o] disiA = Fig. 1(a)9} Zol fA 7}
dHE 5 AFY FA0) fEHE 2, 2"
F 40 FA 33 EF AU, S 449 8
g FT 2 ARG Fide] AN 94
(computational domain)2. 2 AAF It o} w, o
A wpolaE A9 ynlgh Eol: zhzb 250um
7 6opm olvl, £ P9 E79 Unjg Fol:
Z+z} 500pm 3} 60pm 2.2 TR Fglon, nlo]g
2 99 & ol 6.5mm = UAAHC o
o, F-2k 4 Y FR9 dolx 2mm B tA
HAh T-E Y wlolaz gMo] diaiMEs F 4+
& &3 85 vl wlojmz o) AL 99
oz AAHAY. WA slojamz @ E39
yulg gole 22t 250um F 60pm 18, T JT+
o] vuje} Fole= 27t 500um # 60pym O.F Tz
AdHReH, vloja R ©Mel & HolE 6.5mm 2

or
£ ﬂ‘ oX 1‘915
fu 22 of

LI i

ki o

1293

Table 1 Physical properties used in the numerical

simulations
D - ———
. Density of oynamic lefusmt.y
Physical water viscosity of | of solute in
properties 3 water water
k;
Gg/m) | omes) (ms)
997 8.55x10* | 1x 10"

SLM 3} Fd3tA tAAI=E A

Fig. 2 & o84 fxd rmlo]laz 959
A 9E8e 3 Y TF ZAA(structured grids) =
& T-8S) vlo] 22 2 AM[Fig. 2(a)]9+ SLM{Fig.
20)1& BAE) TESY vlol22 9Me A$ &
HA(node) ¢ F A& Q2 (volume element) F
pa vas 29736 A e 3 24888 70w, SIM 9] 7
F 2H 59 F A 24 = Tz 68749
:Laﬂ 57056 7} ©) o}

ol 32 A YWHER

o rlr ruz‘.A HE :“u,

7

=

l°l‘

j
e

A4E FAZE

£& MAEdd. of wl, B9 Szt ¢ ulo]
32 YA e 1@ AEE dotaly) s M
g AR A AFE Table 1 o YERRTH

FA A 7] u—~§‘\:, A A=
(species) ¥ ¥ A9 37 2-E(spatial differencing)
o tiall 1A} B4 A4 (first order upwind scheme)
< ALt on, A4H L ZE conjugate gradient
squared and preconditioning (CGS+Pre) i< AL-g
33, 4EF AP OZE algebraic multigrid
(AMG) WH¥& F&sith 3A =Acze
Pl I FEE ArEFen, EFde 2
#EAL ArEA YAl dalE TN ¢
A FEZ F99A 3oy, EFdMEe 5 0]
AFEA SR B ZE HAdE i

sx273

_.o?.i -t

ZZ3(no-slip condition)S &3}l t}.
4. =X sfao HAnt ¥ nE

4.1 FX ZAZ 3 28 Ms 8

B A4 A" SIM 9o TF A4S
sl7] &k, Fig. 2 «] T
uhol A2 wA e} SIM o dis)
g A ArE P54 =
Holg nle]lazm AYy iol\l 60um © 2
729 Table 19 8A Aol 71%xsta] 389 of 3}
Era=3

olZA +FH T-EY vlojaz A9 SILM 9
AAA £ 4£3 TA 2F/E Fig. 3 A &

.,_
%

:10 ue

ot

W

[l

=

)

=
fom 2 T
o o o X e K



P Solute
> Concentration
NN T

Interface of two
injected fluids

(@
The first interface of two
injected fluids formed at Solute
the T-junction Congcentration

(®)
Fig. 3 Numerical mixing simulation results at the flow
rate of 50ul/min (the corresponding Re =~ 3.89):
(a) T-type micromixer and (b) SLM. An almost
complete mixing was achieved with four F-shape
mixing units of the SLM for the given present
conditions
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