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Study of Micro-channel Filling Flow Including Surface Tension Effects
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Abstract

Micro-injection molding(zii_/l\f?ﬂ A}y&A 8), Microfluidies(PFo] A2 f A 38}, Micro-
9), Flow visualization(f-% 7}A]13}), Surface tension(FE. A 3 &)

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, both experimental and numerical studies have been carried out to understand the detailed
flow phenomena in micro-channel filling process. Three sets of micro-channels of different thickness were
fabricated and a flow visualization system was also developed to observe the filling flow into the micro-
channels. Experimental flow observations were extensively made to find the effects of channel width and
thickness, and effects of surface tension and volume flow rate and so on. And a numerical analysis system has
been developed to simulate the filling flow into micro-channels with the surface tension effect taken into
account. Discussed are the flow visualization experimental observations along with the predictability of the

numerical analysis system.
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Fig. 1 Examples of LIGA structures

Fig. 3 Schematic of typical runner geometry
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Fig. 6 Experimental setup for flow visualization:
(a) schematic view (b) real system
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Table 1 Experimental procedure
Thickness
of micro- Pressure head Magnification
channel
45cm, 30cm, .

40um 20cm, 15cm, 10cm 3%, 10x entrance, 10X exit
20pm 45cm, 30cm, 20cm | 3x, 10X entrance, 10X exit
30um 30cm, 20cm, 10cm | 3x, 10X entrance, 10X exit
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Table 2 Several input data list for numerical analysis

Water: p= 9.97x10° kg/m>,

N= 855x107 Pa.sec, 0= 7.17x1072 Nim

8 =0°, 30°, 60°, 90°, 120°, 150°, 180°

Flow rate Qm3/sec)
0.005, 0.01, 0.02
0.01, 0.08

Channel thickness (2b)

40 um
20 um

Silicon oil: p = 9.6746x10% kg/m3 s
N = 09746 Pa-sec, 6= 221x1072 N/m
8 =0°, 30°, 60°, 90°, 120°, 150°, 180°

Channel thickness (2b) Flow rate (cm3 /Sec)
40 um 0.01, 0.02
20 um 0.01, 0.02
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Fig. 9 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)
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