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Abstract

The main objective of this senior project is to design and develop an mathematical model
for clarifying the microflndic behavior. By applying simulation model the flow characteristic
and mixing can be validated with experimental result. From this study Comsol Multiphisics
version 3.2a was use o solve this one.

For muscible fluid mixing at various microchannel diameter 300 to 1400 micron, the
comparison between experimental result and simulated modet showed us an good agreement. The
simulation model could significants describe velocity and concentration gradients of microfluidic
flow by means of mixing index. For immiscible fluid flow which the typical flow pattern is
slug flow, the simulated model also provide satisfactory description. When considering flow
characteristic as micro capsule, it could depend on volumetric flow rate and capillary diameter.
The simulated result illustrated the aspect ratio consider decreasing when Re within the range 1-3
{(-). On the other hand , aspect ratio closed to 1 when Re is over than 5 (-). As capillary tube
diameter increased, aspect ratio was increascd and gradually increased when it approached to

one.
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4.1.1 msdenltaumsuuudians (Model Equations)
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413 MIMAUATIUUZUDINY (Mesh Construction)
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414 msmvuaeulvvevmwa (Boundary condition)
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43 msAnmgAnIsums lnavesvesnailinaui (Immiscible Fluid)
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0.0003 3 0.001 1000 0.0100 7.065E-08 2.54
0.0003 5 0.001 1000 0.0167 7.065E-08 4.24
0.0003 7 0.001 1600 0.0233 7.065E-08 5.93
0.0003 10 0.001 1000 0.0333 7.065E-08 8.48
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0.0014 3 0.001 1000 0.0021 1.5386E-06 11.87
0.0014 5 0.001 1000 0.0036 | 1.5386E-06 19.78
0.0014 7 0.001 1000 0.0050 1.5386E-06 27.69
0.0014 10 0.001 1000 0.0071 | 1.5386E-06 39.56
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MARUIN A

: , : : o :
f11 laminar space MNUTSULNINATULUINGD (y) 9199 1 Re $1149)
3 ]
wantanaaosinEIwgAnssunts lvauasmanay seraindusumsazate wmaidonos
o 2 t t b=l oy nl.! d' =4 1 Q)
wwanuus Taodmuald Re vamolyg) (s funsSeiiindy) asi fauvidy 0.03

A1314% A.1 A1 laminar space AMUITLENNAWULIND (y) #1499 A Re, = |

laminar space (mm)
d (mm) y Ratio y lab simulation

0.288 0.25 0.27

3 0.429 © 025 0.28

0.3 4 0.571 0.26 0.29
5 0.714 0.26 0.31

6 0.857 0.28 0.31

7 1.000 .28 0.32

2 0.286 0.26 0.29

3 0.422 0.28 ‘ 0.31

0.5 4 0.571 0.28 0.34
5 0.714 0.3 0.35

6 0.857 0.31 0.35

7 1.000 0.32 0.35

2 0.286 0.4 0.38

3 0.429 0.4 0.4

0.7 4 0.571 0.43 0.43
5 0.714 0.44 0.44

6 0.857 0.45 0.45

7 1,000 0.46 045

2 0.286 0.54 0.58

3 0.429 0.55 08

11 4 0.571 057 0.62
5 0.714 0.59 0.65

6 0.857 0.61 0.66

1.000 0.62 0.66

2 0.286 0.68 07

3 0.429 0.69 0.73

1.4 4 0.571 0.69 0.74
5 0.714 0.72 0.75

6 0.857 0.73 0.76

7 1.000 0.74 0.76




:-.; 1 B ' r Py
13190 A.2 A1 laminar space AUILYZNININLUING () /199 N Re =3
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laminar space (mm)
d {mm) y ratio y Lab simulatien

2 0.286 0.26 0.28

3 0.429 0.3 0.29

0.3 4 0.571 0.31 0.33
5 0.714 0.35 0.34

6 0.857 0.35 0.37

7 1.000 0.36 0.35

2 0.286 0.3 0.31

3 0.429 0.35 0.36

05 4 0571 0.4 0.43
5 0.714 0.45 0.46

6 0.857 0.47 0.47

7 1.000 0.47 0.46

2 0.286 0.43 0.4

3 0.429 0.47 0.45

0.7- 4 0571 0.52 0.48
5 0.714 0.53 0.53

6 0.857 0.63 0.54

A 1.000 0.53 0.55

2 0.286 0.63 0.63

0429 0.65 0.64

1.1 4 0.571 0.67 0.66
5 0.714 0.68 0.67

6 0.857 0.7 0.69

7 1.000 0.7 0.69

2 0.286 0.77 0.75

3 0.429 0.77 077

1.4 4 0.571 0.8 0.79
5 0.714 0.83 0.82

6 0.857 0.85 0.83

7 1.000 0.85 0.84




c; 1 R ] 1 P
N33 A.3 A7 laminar space MUTLYLTNIANLUIMS (y) 7199 9 Re =5
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laminar space {mm)
d {mm) ¥ ratioy Lab simulation
2 0.286 0.32 0.31
3 0.429 0.32 0.33
0.3 4 0.571 0.34 0.35
5 0.714 0.35 0.36
6 0.857 0.36 G.37
7 1.000 0.36 0.37
2 0.286 0.32 0.33
3 0.429 0.35 0.35
0.5 4 0.571 0.36 0.36
5 C.714 0.38 0.37
4] 0.857 0.39 0.37
7 1.000 0.38 0.37
2 0.286 0.44 0.43
3 0.429 .44 0.45
07 4 C.571 0.45 0.46
g 0.714 0.45 0.47
5] 0.857 0.46 0.47
7 1.000 0.47 0.48
2 0.286 .59 0.62
3 0.429 C.59 0.63
1.1 4 0.571 0.62 0.65
5 0.714 0.64 0.67
6 0.857 0.66 0.67
7 1.000 0.67 0.67
2 0.286 0.75 0.77
3 0.429 0.77 0.79
1.4 4 0.571 0.78 0.81
5 0.714 C.78 0.82
6 0.857 0.79 0.83
7 T.OQD 0.81 0.83
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1 laminar space MNIZHTNAIUUUID (y) #1399 i Re = 7
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laminar space (mm)
d {mm) y ratioy Lab simulation

2 0.286 0.32 0.33

3 0.429 0.32 0.34

0.3 4 0.571 0.32 0.36
5 0.714 0.34 0.37

6 0.857 0.36 0.38

7 1.000 0.37 0.38

2 0.286 0.34 0.35

3 0.429 0.35 0.36

0.5 4 0.571 0.36 0.37
5 0.714 0.38 0.39

6 0.857 0.41 0.39

7 1.000 0.42 0.39

2 0.286 0.45 0.45

3 0.429 0.45 0.46

0.7 4 0.571 0.45 0.48
0.714 0.47 0.49

6 0857 0.48 0.49

7 1.000 0.48 0.49

2 0.286 0.66 0.65

3 0429 0.67 0.67

1.1 4 0.571 0.67 0.69
5 0.714 0.68 0.71

6 0.857 0.69 0.72

7 1.000 0.74 0.72

2 0.286 0.81 0.79

3 0.429 0.82 0.81

14 4 0.571 0.83 0.82
5 0.714 0.85 0.83

6 0.857 0.87 0.85

7 1.000 0.88 0.85




a ' N ' ' ~
319N 7.5 A1 laminar space MNITTUZMIAIUING (y) 1199 Re =10

Iaminﬁr space (mm)
d (mm) ¥ ratio y Iab simulation
2 0.286 0.38 0.35
3 0.429 0.38 0.36
0.3 4 0.571 0.38 0.37
5 0.714 0.41 0.3%
6 0.857 0.42 0.39
7 1.000 0.44 0.4
2 0.286 .41 0.38
3 0.429 0.42 0.39
0.5 4 0.571 0.45 0.41
5 0.714 0.45 0.43
5] 0.857 0.46 0.43
7 7.000 0.46 0.44
2 0.286 0.51 0.48
3 0.429 0.53 0.49
o7 4 0.571 0.55 0.51
5 0.714 0.56 0.52
6 0.857 0.56 0.52
7 1.000 0.58 0.53
2 0.286 0.71 0.69
3 0.429 0.73 0.71
1.1 4 0.571 0.75 0.73
5 C.714 0.76 0.75
5] 0.857 0.77 0.76
7 1.000 0.79 0.76
2 0.286 0.85 0.81
3 0.429 C.86 0.83
1.4 4 0.571 0.88 0.85
5 0.714 0.89 0.86
& 0.857 0.91 0.87
7 1.000 0.92 0.87
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a { 1 s o
alotunanuuai d uaz Q A9 U Fapns1e

UHINVDINDA (mm)

viauﬂ?lam? lab simulation
d(mm) | Q(mlhr) | Re a b a/b a b a/b
0.85 1 172 1.12 0.67 1.563 0.96 0.66
254 3 1.73 1.15 0.66 1.53 1.02 0.67
0.3 4.24 5 1.73 1.14 0.66 1.55 1.05 0.68
583 7 1.73 1.15 D.68 1.56 1.07 0.69
8.48 10 1.74 1.15 0.68 1.55 1.07 0.69
1.41 1 1.86 1.22 0.67 1.67 1.03 0.66
4,24 3 1.87 1.24 0.66 1.67 1.04 0.66
a5 7.07 5 1.86 1.24 0.66 1.67 1.03 0.64
9.89 7 1.87 1.25 0.67 1.68 1.05 0.67
14.13 10 1.88 1.26 0.68 1.68 1.06 0.67
1.98 1 2.58 1.92 0.77 2.48 1.83 0.77
5.83 3 2.56 1.93 0.75 245 1.86 0.76
0.7 9.89 5 2.58 1.95 077 2.47 1.87 0.76
13.85 7 2.57 1.96 0.76 2.49 1.89 0.76
18.78 10 2.58 1.97 0.77 2.48 1.92 0.77
3.11 1 2.72 2.02 0,74 2.67 1.82 0.75
09.33 3 2.75 2.03 0.74 2.68 1.94 .74
1.1 15.54 5 2.76 2.05 0.74 2,71 1.95 0.74
21.76 7 2.75 2.05 0.75 2.72 1.97 0.74
31.09 1d 277 2.07 0.75 2.73 1.98 0.74
3.96 1 2.93 2.31 0.79 2.88 2.23 0.79
11.87 3 2.85 2.33 0.79 2.92 2.26 0.78
1.4 19.78 5 2.97 2.34 0.79 2.91 2.29 0.78
27.69 7 2.98 2.33 0.78 2.94 2.31 0.79
39.56 10 2.98 2.34 0.79 2.64 234 0.79
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W A1 b/a Avd Aspect ratio
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