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Flow Phenomena in Micro-channel Filling Process (II)
- Numerical Analysis -
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Abstract

Several interesting results were obtained from the flow visualization experiment in the accompanying
paper, Part 1. In the present study, Part II, a numerical study has been carried out to explain the detailed flow
phenomena in micro-channel filling process. Hele-Shaw flow approximation was applied to the micro-
channel geometry based on the small characteristic length. And surface tension effect has been introduced on
the flow front as the boundary condition with the help of a dynamic contact angle concept between the melt
front and the wall. A dimensional analysis for numerical results was carried out and a strong relationship
between dimensionless pressure and Capillary number is obtained. The numerical analysis results are
compared with the flow visualization experimental observations. And the numerical system developed in the
present study seems to be able to predict the interesting micro-channel filling flow characteristics observed
from experiments.
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Fig. 1 Schematic of typical runner geometry
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Fig. 2 Flow types: (a) pressure-driven flow (b) surface
tension-driven flow
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Fig. 5 FEM mesh of the micro-channel
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Table 1 Several input data list for numerical analysis

Water: p = 9.97x10? Icg/m3 ,
N= 855x10™* Pa-sec, 0= 7.17x102N/m
8 = 0°, 30°, 60°, 90°, 120°, 150°, 180°

Channel thickness (2b) Flow rate («:m3 / sec)
40 pm 0.005, 0.01, 0.02
20 um 0.01, 0.08

Silicon oil: p= 9.6746x102 kg/m>,
N= 09746 Pa-sec ,0= 221x1072 N/m
0 =0°,30°, 60°,90°, 120°, 150°, 180°
Channel thickness (2b)
40 pm 0.01, 0.02
20 pm 0.01, 0.02

Flow rate (cm3 / sec)

View A:

Fig. 6 Schematics of flow front shape in pressure
driven filling flow: (a) overall shape near the
flow front, (b) shape in width direction in view A
and (c) shape in thickness direction in view B
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Fig. 7 Relationships of dimensionless parameters for
water case when 0=120°: (a) dimensionless
pressure and 1/We (b) dimensionless pressure

and Ca
120degree contact angle
160000
.. 140000
E 120000
o
o 100000
S swoo
* 60000 - -0.6154
&0 42000 y = 347.74x%
20000
0

1] 0.0005 0.001 0.0015 0.002
(sigma*b~3)/(ho*Q"2)

@

120degree contact ande

160000
140000

120000 |y = 15,549x + 0.4942
100000

(Pg*b¥/sioma
S

60000
40000
20000
o
0 2000 4000 6000 8000 10000
(eta*Q)Asigma=b™2)
(b)

Fig. 8 Relationships of dimensionless parameters for
silicon oil case when 6=120°: (a) dimensionless
pressure and 1/We (b) dimensionless pressure
and Ca
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Table ' 2 Coefficients in the relationship between
dimensionless pressure and 1/We

3.\B
Pgb Aab
- 2
4 pQ

Water case Silicon oil case
8 (deg) A B A B

0 0.1412 -0.6212 347.66 -0.6154
30 0.1573 -0.6103 347.67 -0.6154
60 0.2033 -0.5846 347.69 -0.6154
90 0.2873 -0.5375 347.71 -0.6154
120 0.3445 -0.5327 347.74 -0.6154
150 0.4016 -0.5179 347.76 -0.6154
180 0.4232 -0.5128 347.76 -0.6154

Table 3 Coefficients in the relationship between
dimensionless pressure and Ca

Pg b 11Q

+B
[ o b

Water case Silicon oil case

0 (deg) | -cos O X B A B
0 -1.000 | 15.549 | -0.998 | 15.549 | -1.003
30 -0.866 i 15.549 | -0.864 | 15.549 | -0.866
60 -0.500 | 15.549 | -0.499 | 15.549 | -0.498

90 0. 15.549 0. 15.549 0.
120 0.500 | 15.549 | 0.499 | 15.549 | 0.494
150 0.866 | 15.549 § 0.864 | 15.549 | 0.877
180 1.000 | 15.549 | 0.998 | 15.549 | 0.997
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Fig. 9 Relationship between dimensionless pressure
and Ca from the experimental results: (a) 40pum
thickness case (b) 30um thickness case (c) 20pm
thickness case
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