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ABSTRACT

This study proposed a novel design of the passive micromixer which
employed several quadrilateral shaped blocks in the micro channel to enhance
mixing. Both numerical and experimental investigations have been carry out.
Commercial software CFD-ACE was used to simulate the flows. The
simulation results showed great agreement with the measured results, implying
that Navier—Stokes’ equations still effectively governs the micro-scope flows in
this scale. It is effective to enhance mixing efficiency over wide flow rate
ranges. Mixing performance was characterized by Laser-induced-fluorescence
system (LIF system) to quantity the concentration distribution in the micro
channel .

In addition, Microscopic flow visualization was also setup to visualize
the flow field in the micro mixer. Micro-particle image velocimetry
(Micro-PIV) was used to measure the flow fields in microchannel filled with
deionized water (DI water) . The system utilizes an epifluorescent microscope,
3.3 um diameter seed particles, and an high speed CCD camera to record
particle-image fields. The vector fields are analyzed using a double-frame

cross-correlation algorithm. The stochastic influence of Brownian motion plays

il



a significant role in the accuracy of instantaneous velocity measurements.

Keywords : Micromixer, micro-particle image velocimetry, Laser induced

fluorescence, computational fluid dynamics, particle.
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ek S 12 4P B 3 Bic(cross-correlation function)z. stit = 2 fE47 H RS 2 24
£ 7 % LR R T b2 e ol IR R R YA
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o H oTE P2 B R T o &R B2 otk 0 X E A veh
mINF R AT o B 1998 # Santiago % A [22]02 A F 2z il KR o H r HR
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FEETE R G ARG - B HH R RO Y 2 B I ART
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A 10 pmo I EERA e BN b 3R 38 o T I AR S B R
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o - @R F oI AR V- ER2F RS o H PRI T T ]
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syringe #a 8 ;id48 - ¥ 3 B ERIREF > KA 4 VP EF RUERE pH & F o
B R BB A TR P S R Ao fiok S 0 2 T RBRISE R A
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PRI RE o AT T R E 100 V/em o B F B S5 0.5 um o PR R IR
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ﬁﬁ;& o

R & BRI Y o et doin 7R &k ami Uip g £ & o

¥ E 1§ 3 48 & #HF 18 (Charge-coupled device, CCD) » BB &b
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Inlet 2
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Bl 1-4 w Basdr o2 jhds 8 & E[3] o
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Viewing

Window ¥ Outlets

S

Optical Axis

Channel Constriction

/EOO pm

Inlets

Bl 1-5 d T & PHES 2 amd iR g El4] o

Mixing Chamber

|
¢

Flow Direction

= mmm e ===

Exit Channel

Bl 1-6 P B P2 458 & B[]
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B 1-7 5 Z 3318 & BN PRI6] -

(a)

(c)

Bl 1-8 o #F 02 F s B & chz MR & B[7] o



(a) (B)  Sisinless Steel Tubes

Soft PDMS
Layer

Hard PDMS
Layers

Cover Glass

(C] Microchannels

10 fFHR & B B8] -

B 1-10 = & L 3| pcR £ 5 7 BI[9] -
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Stream 1

ol

Viewing
Stream 2 Window Viewing
#1 Window

Stream 1" | f
Stream 2

Stream 1~ f
Stream 2

11 Z BB Bzt R(a)z 2 C AR & B A P Bl(b)beEt 3R & B (o)
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Inlet-
Rhodamine B in
Carbonate Buffer

4

Ugo s =0.81 cm/s

B 112 € % § G 0 410 A i (0) A R 4 o (b)) A
‘Inﬁ/vh %A\ J 1,./;1 ji 006 ’f\-"o 81 Cm/S —L/W ]d’_’] ( )lé T J‘IJ lidd %
()N T AR & A & finig 0.06 fv 0.81 cm/s 238 & F35[11] -

N

A

(a) SGM (b) SHM (¢c) BEM

Bl 1-13 = fEikf 5 AR & B2 AR Wl(a) AL W R & B(b)kE A 2R
& Eg(c)ﬁz%l""%iﬂ AL EZ K2 FAREI3]
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Circular Flows

Recycle Flow Recycle Flow
Bl 1-14 £ BRAGE £ BhE =~ #[14] -

d

0

outlet

@ streamline

vortex chamber

liquid B A

B 1-15 5 alR & e o BI[15] -
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¢ electrode atinlet- -l Coiingzone - efectrode at outlet

Flgure 1. The surface charge distribution on the n‘ucrochannel top and bottom surfaces.

N " direction

()

o
Bl 1-16 P ER R EEE 21 H;VRER (AQb) R SHFHI-S50F ¢ o
R ﬁ%“3[16] °
periodic flow
i perturbation direction

—
Liquid A mep
Liquid B —>»
1?um
(a)
V, sin(@1)
4 >

Bl 1-17 0% ¢h4c /R4 20ipl8 ¢ 23 B R & B (18] -
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Function
Generator

Bl 1-18 fci & M F S B([19]

KNO, + Calcein

Bl 1-19 41 * Function Generator # # % 4 ¥ [20]
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120] 50 um/s — ' ' d 120} 50 um/s —

z AL ALY ’

o B T 0

A i

A AN -
2, R L i
,/f: e PP
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7 ;
e s e [ 7z 2 /
dix i =z I /
80-;4‘ e A sy | L7 /
” Bamens 1 Y rff/ff 7%
1 Y { 77
; Vb i 7
s w N e o] /
"‘/’ ’”//fﬁ” ??
w0, T 1wty B s
Qﬁy 2 S
20 + ~Z %ﬁ;;{fé”_ 20—22 2/’ j’ //
i ANy
ATy 2% P o Y ”
n L L L 1 0 1 1 L L L
0 0 20 40 60 80 100 0 20 40 860 80 100
a pm b um

B 1-20 JERRR SRR R(a) s B 3- B 2B 5 120 pm <120 um -+ [f]
HEEEZ30um w25 E 5 900 B (b): T & H[22] -

z=-263um z=-1.75um z=-088um z=0um z=088um z=1.75um =2.63 um

(a) (b) (c) (d) (e) (f) (2)

Bl 121 22 R REEFRFY (i 2 2RE E)FH iz 2R Ewt
088 um fre T 088 um =% Gb)HA 2 2EE» Lt 175 um few T 1.75
pm =¥ > E e SaEyEEle 2B (a)(g)® BA Bl fkE [24] o
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(c)
Ifl'qnmx
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Bl 1-22 Micro-PIV £ Pl(a) = Ba o+ i (b) = 5d 3+ &
A (0)5 RS R R A H[25] o
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y position [pm]

T ! : i
0 50 100 150 200 250
X position [Um]

B 123 5 Y AL » o & P 2053 2R E 250 pm x 275 um > B¢ @ £ 6
5L~ v el € ) [26] o
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$2% HE 2

s

dAITE K T gnE Y AL Y AfrsRE Bk AL > fE
E TR fRARR R e R 4 B st & o % 2B R 4 & (computational

fluid dynamics, CFD)>* i3 ¢ > & SR ZARE s/ & * o
2.2 ¥ 45 iF B (Knudsen Number)

Kn#@ * KX I 2880 BELE ST L Le BigfLw
» i R SR~ R B A S 2T 5 Kn

B s fer BF 0 RS FR

AR A 3 hTEah d oo

L:n e e B o

(1) Kn<0.01 & 485454 (continuum flow regime ) °
(2) 0.01 <Kn<0.1 # & m#4] (slip flow regime)
(3)0.1<Kn<3 &/ #+4] (transition flow regime ) -
(4)3<Kn g d &~ 3 m#4] (free molecular flow regime ) °

AP B Kn<0.01 > #F0 B 7 AR S R o
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23 ARELE Bl 2N

NS B T RN R U TEE N S N -
T PR e T

T A

2. inA s T RS o

-
o

3

3. A fER

G

4. T AcRER > B R BB GE S TE -
50 8 Ed v BABEERFOEE

6.’5/H’E 7 R @rvﬁ/)&}i%ﬂ’/}zqﬁ T“§F@°

D E A B RJRBMA B RN A G

3

LR e
(Finite volume method) £ 4 72 » #pie s = 238 H IrFIM A g » 0 1 #
TR L DR AL om FIE 2 AR o
DALY S Al Sl i
i 4 > #2.7% (Continuity equation)

V-V =0

# £ 2 4% ;' (Momentum equation)

paa—\t/+ p(V 'V)\/ =-VP+ uVV

doarmae aamsEng Yoo
ot
57> #2.5% (Diffusion equation)
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oC

n(V.-v)Cc, =DVC,

C=O
t

E’ E»_'\j\lﬁ ;/L:d /ﬁ"’—%ﬁ“%uau
T AR A R > R & F (e

1.:¢ & = 42 7% (Continuity equation)
V'V =0

2.% & > 473 (Momentum equation)

VP i Lvviog
Re

3.¥5 47> #2 ;% (Diffusion equation)

1

vV?C, =0
Re- Sc

H v

Cp @ ¥ 2k & (kmol/m’) o
Vg Ewg(mfs)e
Vit ik B E E(m/s) e
p: %A (kg/m’) -
u o ApiF % #c(kg/m - s) o
Re =pV.,.Dp/p °
b A onY Re ™ 1% kA ek ife Finend
% Re<<2300 % &/ (laminar) °
Re>2300 % % ® (turbulent) »

Sc =wpDy, -

28



g g F gy @R o £l a%de) - B4 %L ReScoRe

')’."‘
%
’l
:e\»u
Ry
S
N
\‘-&"
e
/4‘\
N
gt
\-‘..
Wy
‘gh’{
(H}
B
Ty
_ll'
I
wn
e}
R
Y
/ﬂ}
(=¥

24 fEpctag 4

BHCERDERT T AL Z BHI S TR hE R R A
CFD-RC® > B iip i % »2 4 ~ jish~ Lt s 252 g2 Hm o
CFD-RC"¢ 2= B2 ¥ ~ : % #J2 B CFD-GEOM » 3 g2 € CFD-ACE -
ts g2 8 CFD-VIEW -

(1)% g @ i g2 ¥ > 7 & AR SB PA 2 pak2
Bt g R RiEie > @ chfrd i CFD-GEOM » i * e 2 &2
CAD #4p iz » ¥ ri{c CAD ~ Pro-E S 4p 3 » fefeen = ¢ £ 5l i 2
PR R FINT R A R AR o

(B L - 5 FRILE o g~ BOAT R R M 2 LW
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CFD-GEOM 7% % 1 DTF @l & » &~ 3 % & (B 2-2) » L4402 345 e
7% (Problem Type) # 4% Flow ~ Chemistry B:3E > £ 3K %% 5t 5 42 ik (steady)
2% #7 Ak (transient) » £ K %% SLend8 4k £k (volume conditions) > H ¢ & 5%
R (density) = 998 kg/m’ ~ &L (viscosity) & 107kg/m - s % % » ¥ ¢4 %
T4 R h 4 4 % B (diffusivity) 5 1070 gfs - m® o i R {3 (boundary
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Modules

¥ Flow

™ Heat Transfer (Heaf)

I Turbulence (Turb)

W Chemistry (Chenn)

I~ User Scalar (Scalar)

I™ Redistion (Red)

I Spray

™ Free Surdfaces (YOF)

. =] I‘*’l wa l = _I ™ Two-Flid (Fluid2)
Scale [micrometerfom]>] [TE-006 Xm: 00000 ~ 001276 | Yim): 0.0001 ~ I Caviation (Cav)

Geometry Tree ¥ | Hame Total Boundaries Total Volumes ™" Grid Deformation (Deform)

M deepiOblock.. 672 28 [ Stress

] deep30block] 20w id th300long371 -

[ Electric (Electe)
™ Magnetic (Magnet)
I™ Kinetic

[~ Semi Device

<] | 2| 4 2

Readw

Bl 2-2CFD-ACE 21 3 o 2 H k13 & ;8 4c B ¥ Flow ~ chemistry o
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Mok + B apld RERS PRl RS AT AR ¥ b Bk
PESEED = 0 AT R SRS B RIE R 0 LA kT R
Rz ke F BUARIE k2 EAY 3R BB BN SY § 5k T (light
sheet) } Bg a2 2F Rk 3 da 3™ k> 1 {72 FEFF 7dp 2 B s
oo AL A RERRERSACEBATRE LI 2
ERRLE L R RERT N 2 T30 R o FlEEY EIREET SRk B
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Rppcd hiiicx > B d CCD AR dp#E 2 68323 B AR5 o @ fpid
Briee 3 Rl RO he R B AR T ERETE o ok B R
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PECFBCBEFELER S vRARERT S BERPBEL A RS

EERLERY S & B R £ 8 o SIS s iy Y

2100 W 4 s A -

ML LN T I MEELH L Basler 72 A A % A8 %

*}
Jit

A311fc> f247 & (resolution) & 658x492 if % (pixels)H & F chip ik B 5 73.5

fps °
E S A @@?Jf. % + : & * IEEEI394 + > @ﬁi%l‘@fi % 200M
%I 34 5 FELR ARlE A Tt o A F % 1 * Fortran #73h B 4R 3
KL EIRHuE DA, 0 Arid F g jE F N8 endp B 14 (correlation) ©

FARA LB AT P PIV SRS FRGTH GBI

3.2.1 PIV 2234 & 47

d CCD PR RPN At 23 sEpepE @i d B 8™ 7 5|
it T L(1,j)fr(i,j) » B¢ 1<iSM{r1<j<Nea MxN 7 #i
s R E B o

B0 R ASTIRFEREY DR IVEH o F R ER s B 2 AR R

(interrogation) > 4 %] 5 L;p 2 Ippo @ =X & F Bl % % mxn o F] 5 BLH
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PR o QLR R B E L s ik R AR WER A > @ A
FE R N e T I

APRE S BceRgE A H T HY - BREGR TRY - B (TR

HaEpHIEC

n

CAX,AY) =D D 1p(i, ) e (i + AX, j + Ay)
i=1 =1

B¢ -m<Ax<m’-n<Ay<n- [ pFL R-H I 2 it (normalize) s # 1 ¥ 3] -

D% D o(in i) i+ AX. + Ay)
Cn (AX,Ay) = ——= 172 172

n

i |1P2(i>j) ) er: ilzpz(iaj)

i=1  j=1

B 1<Co< 1o @ & f BT ® LA A oo FI Ap B S0 dA 1
€ NIM- BEFEE T LR ARMEC, o BIAR ST Bk g B
T F AS(AX, Ay)Tr 2 BBEH o T WIS o Bt B B g oD
A S (M) EE R g g EE AR T SRR IR
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At

BEA AT B NS B - BT RBATA L PHNER > BT
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YOS R R R F i@ B ) 0 BB AR B S0 B AR Ae(R] 3-2) -
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(C-Mount) » 3 § ks A By B L e @ A B b 54F > BE¥p 4
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