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Flow Phenomena in Micro-Channel Filling Process (I)
- Flow Visualization Experiment -
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Abstract

Micro-injection molding and microfluidic devices with the help of MEMS technologies including the
LIGA process are expected to play important roles in micro-system industries, in particular the bio-
application industry, in the near future. Understanding fluid flows in micro-channels is important since micro-
channels are typical geometry in various microfluidic devices and mold inserts for micro-injection molding.
In the present study, Part I, an experimental investigation has been carried out to understand the detailed flow
phenomena in micro-channel filling process. Three sets of micro-channels of different thickness (40m, 30pum
and 20pm) were fabricated using SU-8 on silicon wafer substrate. And a flow visualization system was
developed to observe the filling flow into the micro-channels. Experimental flow observations are extensively
made to find the effects of pressure, inertia force, viscous force and surface tension. A dimensional analysis
for experimental results was carried out and several relationships of dimensionless parameters are obtained.
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Fig. 3 Micro-channel (thickness 40um)
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Table 1 Experimental procedure

Table 2 Filling time for several experimental procedures

Thickness
of micro- Pressure head Magnification
channel
45¢m, 30cm, .
40pm 20cm, 15¢m, 10cm 3x, 10x entrance, 10x exit
30pum 30cm, 20cm, 10cm | 3x, 10x entrance, 10x exit
20pum 45cm, 30cm, 20cm | 3x, 10x entrance, 10x exit
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40pm 20 cm (1.96kPa) 7.7sec
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45 cm (4.40kPa) 11.4sec
20pm 30 cm (2.93kPa) 19.5sec
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(b) t= 1.067sec t=246Tsec

Fig. 6 Snap shots of filling flow (40pum thickness and
30cm pressure head case): (a) entrance zone (b)
exit zone

(b) t = 2sec

t=5.967sec

Fig. 7 Snap shots of filling flow (40um thickness and
20cm pressure head case): (a) entrance zone (b)
exit zone
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(b) t = 6sec

Fig. 8 Snap shots of filling flow (20um thickness and
30cm pressure head case): (a) entrance zone (b)
exit zone

Fig. 9 Negative effect of surface tension in the pressure
driven flow

712 B dars geotd ¢+ ik 449 2
270 uet g2 F4 A AA FH NS
Table 2 o} v}l AT

o] FoA FA 40um vlo|Z2 N9 30cm
48 Fol9t 20em ¢ Fol, 2T T4 20um
el 2 AN2e 30em ¢ Fol AHY Y-ET
Ao 108 £9 JdFS Figs. 6, 7, 8 Zg }
ERUISith o] o BEAE AlZFE #50] el o
7] AlEE i E J|Eo® Aokt

a8 BtAE FA4 40um Flo]AE Y
¥l A$ HH 100pm ALY G5 E
A2Ed viE A3 oA UES FAY 5
UtHFigs. 6,7). 53] +H Fol7} 20em FEE ¥
olA ™, o] YH 100um A ETE WA
Yex Z3te AL #@AE ¢ Ath(Fig.7(b)). °l
< o2 AdEe B¢ vy B IS (principal
radius of curvature)o] 7| L3 FFF| nis) 2
A" £ JdAg Yl 100pm 9 Ao AL Wy
W FHESL FA 40um o v HdHoz F
Al £ P5S gt & F8 FHol 100um
g v oA Fig. 9 & Zol 5L
3hE &4 A (negative effect)ZA & Ao
H& FaA deldn &8 & F U o)
F7 20pum violAE Ag AY 22 (Fig. 8)9A

ol4d - AHd - ol54

@

Fig. 10 Flow near the exit of channels: (a) schematic:
dominant inertia effect, (b) schematic:
dominant viscous and surface tension effect, (c)
real view of case(a), (d) real view of case(b)

WH] 100pm ALY 77 B3]2) @ AN
A g g 4

B BE Agd gl 4ol 458 FESHY
A, Ad EFoA B H(inertia force)o] FHH o
2 & %8s A= F$ 37 EYo] AAHY,
A #(viscous force)o] Aoz & Qa5 |3
£ A% 37 Efo] AEAE AL AT + 9
. o3& #F7) 8 °|& Fig 10 o Vel

Aol FuHez F FL Fig 10@A
A S (wetting)o] YoJutA] & ool & A
Z79 #59 iEA F7) ERS g4 §
I, ™ol AdH ez B 7% Fig 100X
AEol dojyrdA fFol AAsIo, FA
40pm vol3Z Ade ZASAHF uw) U3 R
A 38 A4 A7 3A 9A= Yo 100pm A
¥4g = 337 B2 £ dx Aot} o|EL
Fig. 10c), ()] 4% Zgel4 F3 A8 4
t}. 2FHHoZ wolaz Ade A FAJE
43, dAYE, BA-E, B9 Fdbo| 938 QYL
i d&E &+ AUtk



sfolzz Ad 34 H49 £F AW

42 Mg Aol cist 3™ ¢ ¢

4.1 AN gAg Al?\i‘%i “}015’.3 Ad
A HAHNA Fo% 9T = 4H, IA4Y, &
A4, E‘ﬁ o ZAE Nvrez, MY Fa3
A W49 AolE ¢H(gate pressure)¥} THES
%] ‘ﬂ*’FZ}QI #AE 271 34, A4 A4S
3kl

ACE &H o BH E-E(relevance listy= T}
Z.

o ¥ ¥ AE HE(P,)

e

r

P OH

o AR SAEUD): BE(p), B=E(7n), BEH
FE(0o)
e T4 B WM FH(Q)
o FE) A vlo)lmzE AY Ay FH(b)
A EFES o439 Y HHE FYsH
03 e FAY 9FES 948 & Uk
Fb_ (pQ nQ
c _f[ab3 ‘o b? (o
2
A 2l e pae goe, 24 3 L2
o cb
T w4 dig 29 F¥9 HE UEhE We

(Weber) 4

W el wE YERE Ca(Capillary) ol &3
& & F vk A2AHoE 9o BAYE EEL

g AA ¢ 12 = Ay uw ¥
’ o b?

4.1 éoﬂ}d IQ‘-,}-\_?\:‘J— Lﬂ 7]’X] ~€:s:]ae -E'—T J—-Eqé}'j—
s & 5 AUtk
A (10)& 7oz AolE 48 Fole Y
golol o3 YARAE FH(p=p,)e, FF 7
de FH AL JFEeE 3} HFE £
(Q=vitp Y& AHE8te, BE g9 AHAES F
Y 4H8F} We §°, Ca & 28l Re FRe =
We/Ca) Atole] TAIZ Fig 11 o] EAI3] H o},
ol Az HY i e FAHNES
F Ak
Pgb 0—b3 —0.4084
T=0.1853[;—_Q_—2) (1)
Bb 5143372 0054 (12)
o ob?
0.6661
5—_00192[ QJ (13)
o nd

3 BANEZREH We &, Ca T, R

1987
Experimertal results —dimensionless pressure and 1/\We
1.4
1.2
1
o
;5 08 y = 0.1853x 1%
P
§, 0.6
~ 0s
0.2
0 . L L . .
0 0.1 0.2 0.3 0.4 0.5 0.6
1AW = (sigmard3/(thorr'2)
(a)
Experimental results - dimensionless pressure and Ca
1.4
1.2
1
g y = 5.1433x% + 0.054
208
u
x
£ 0.8
g
0.4
0.2 .
a S . . .
0 0.05 0.1 0.15 0.2 0.25
Ca = (eta~Q)/(sigma*b2)
(b)
Experimental resuts — dimensionless pressure and Re
14 [
12 ) M
. y = 0.0192,%
&
208
3
£ 086
Iy
=~ 04
02 .
0 s R S L
0 100 X0 300 400 500
Re = (tho-Q)/(etarb)
©

Fig. 11 Relationship between dimensionless parameters
for experimental results: (a) dimensionless
pressure and 1/We, (b) dimensionless pressure
and Ca, (c) dimensionless pressure and Re

A9 geste) AR Hold - Ae & 5 2
% 53 the ANE H FAL A Co
F Aelols SRF 4FA4el Ase ¥
F sleh

5. 4 B

g AFNAE vholaz #ATH A2 R 2



1988 54 .

28 AIEAY THAA T3 9L L e
¥& 1Eul9 nlo]aR FXE U3, F2EY
AL ZEE ¢ A& vlojz2 AdE s
o, o] ufoja 2 Adr9 FH HAAA dF §KF
I3 A8E FPs9. 4d FRE B o
8 71X EEEy E9 Ay aHE A
ANeH, o] 7oz AY Axd AP ¥
Wy 38 Y8t ol 53 9e FE
023 2o,

) A &7 10 v o AFS 5 ¢HF,
#A4Y, 249 228n 53 ¥ AHE U
g AATh &8 Fol7l & AP A
A BV AAHoZ ZE g E7 3V
Pol FAEHY, ¢4 wo|7t FAE AE HA
EY AYe gyt Fudez FARA F7]
Ego] AlgAE Zo] FAHAL, Ady &7t
B3E AT FEHAG Aoz olF
74A &7 A28 AN JFE vXn YSS
bikig S =3

2) 53 FA@oum)e] nlojaz Mgy
Fo|7} Wold A, Ad 77 YA He @
dozre EW FHe &4 AWE FAEY
AN

(3) AP 2RH T AN2"d Fad% 4F
1XEe v 7kA] dIHES wlolaz AY F
Aol Fa W gE A AL T o

H 39 £ e, A9 ¢, Ca T,
We 59 Za19 AFES FHUA

@ F29 487 Cad, WeF 1L Re 5 A}
ole] #ANLE AY ArziE FIHUALH, o]
g #AAE F 53] FAY 4¥H Ca § Alolel
EARE AYAHE AT 5 ANUTh

2 Aol o] Part Il ] #4 HolMe +
A Ao A4 NS FPsFer, W
8o gAE A 3 H4 S £Y3A Part
19 48 A7 MuE A=Y

o o ¥

e |m oot

it

&

]

> glo
)

7|

o

o] AFE 2000 HE =/HNA dAFd A
(2000-N-NL-01-C-148)¢] 943 X Yoz o]0l
AT Az olo ZAET

s
rot

k-l

(1) Dunkel, K., Bauver, H.-D., Ehrfeld, W., Hoffeld, J.,
Weber, L., Horcher, G. and Miilleret, G., 1998,
“Injection-Moulded Fibre Ribbon Connectors for
Parallel Optical Links Fabricated by the LIGA
Technique,” J. Micromech. Microeng. Vol. 8, No. 4, pp
301~306.

(2) Hanemann, T., Piotter, V., Ruprecht, R. and Hausselt
J. H., 1997, “Molding of Polymeric Microstructures,”
Polymeric Mat. Scien. Eng., Vol. 77, pp. 404~405.

(3) Ruprecht, R., Bacher, W., Hausselt, J.H. and Piotter,
V., 1995, “Injection Molding of LIGA and LIGA-
Similar Microstructures Using Filled and Unfilled
Thermoplastics,” Proc. SPIE Int. Soc. Opt. Eng., Vol.
2639, pp. 146~157.

(4) Hanemann, T., Piotter, V., Ruprecht, R. and Hausselt
JH.,, 1999, “Fabrication of Polymeric Micro-
components Using LIGA- and Related Techniques,”
Polymeric Mat. Scien. Eng., Vol. 81, pp. 25~26.

(5) Despa, M.S., Kelly, K.W. and Collier, J.R., 1999,
“Injection molding of polymeric LIGA HARMSs,”
Microsystem Tech., Vol. 6, pp. 60~66.

(6) Ng, EY. K. and Poh, S.T.,, 1999, “Investigation
Study of Manifold Microchannel Heat Sinks for
Electronic Cooling Design,” J. Elctron. Manufac., Vol.
9, 155~166.

(7) Burns, M.A,, Johnson, B.N., Brahmasandra, S.N.,
Handique, K., Webster, J.R., Krishnan, M. and
Sammarco, T.S., 1998, “An Integrated Nanoliter DNA
Analysis Device,” Science, Vol. 282, pp. 484~487.

(8) Pfahler, J., Harley, J. and Bau, H., 1990, “Liquid
Transport in Micron and Submicron Channels,”
Sensors and Actuators, A21-A23, pp. 431~434.

(9) Pong, K.-C., Ho, C.-H, Liu, J. and Tai, Y.-C, 1994,
“Non-Linear Pressure Distribution in Uniform Micro-
Channels,” Proc. ASME FED, 197, pp. 51~56.

(10) Shih, J.C., Ho, C.-M,, Liu, J. and Tai, Y.-C, 1996,
“Monatomic and Polyatomic Gas through Uniform
Microchannels,” MEMS ASME DSCD, Vol. 59, pp.
197~203.

(11)Papautsky, 1., Brazzle, J.,, Ameel, T. and Frazier,
A.B., 1999, “Laminar Fluid Behavior in Micro-
Channels using Micropolar Fluid Theory,” Sensors and
Actuators, Vol. 73, pp. 101~108.



