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Abstract

The coarsening dynamics of thermal noise at the free surface of a thin liquid film
sandwiched between a solid and a bounding fluid is investigated based on the numer-
ical solution of the 2-D thin film equation under the influence of various disjoining
pressures. These fluctuations spontaneously amplify and coarsen to morphologically
phase separate into a high curvature drop phase surrounded by a low curvature flat
film phase whenever the disjoining pressure is made up of an attractive long range and
repulsive short range component. The onset of this Morphological phase separation
(MPS) is taken to be the appearance of the flat film. The completion of MPS is
characterized by appearance of flat film at all possible locations in the film. It is seen
that coarsening, as denoted by the number of hills and valleys (N) in the pattern,
occurs via two distinct stages viz., (1) Pre-MPS and (2) Post-MPS. An obscure
intermediate stage, MPS stage, spanning the duration of time between the onset and
completion of MPS is also iden.tiﬁed. While, the exponent in power law dynamics
of the type N oc ¢*, ¢ is time, remains constant (—1/4 for 2D and —1/3 for 3D)
for pre-MPS and (—1/3 for 2D and —1/2 for 3D) for post-MPS stage and varies
slightly between —1/10 to —1/20 for later part of the pre-MPS stage, it changes
from a very high value (~ —2) to a very low value (— 0) for the MPS stage. The
MPS stage, depending on its exponent, can merge with either of the other two stages
and apparently disappear. The rate of coarsening in all three stages depend on the

average space avaiable to each hill viz., total domain size divided by total number of

hills.



vi



Contents

1 INTRODUCTION

1.1 Applications of supported thin liquid films
1.2 Morphological coarsening in thin liquid films
1.3 Limitations . . . . . . . . . .. e

1.4 Organization ...............................

2 THEORY

2.1 General system of study and governing equations

2.1.1 Excess intermolecular forces . . . . . . . . . . ... ...

3 METHODOLOGY

3.1 Linear analysis . . . : . . . .. . .. e
3.2 Initial and boundary conditions . . . . .. ... ..o
3.3 Nondimensionalization .. . . . .. .. ... ... 0.
3.4 Numerical Scheme . .. ... ... ... .. ... ... ...

3.5 Choiceof forcefields . . . . . . . . . . . . . ..

4 HOW TO TRACK COARSENING?

5 PRE-MPS STAGE OF COARSENING

5.1 Unusual behavior in the early stages of

evolution

5.1.1 Predewetting Stage in LW Films

vii

...............

..............

10
11

13
13
15

23
24
27
27
28
29

31

45



5.12 Pre-MPS Stagein IWC Films . . . .. ... ... .. .....
5.1.3 Pre-MPS Stagein LIWAB Films . . . . ... ... ... .. ..

6 POST-MPS STAGE OF COARSENING
6.1 Post-MPS stage in LIWC films . . . . .. .. ... . ... .......
6.2 Post-MPS stage in LWAB films . . ... ... .. ... ........

7 MPS STAGE OF COARSENING

8 COARSENING IN 3-D
8.1 Governing Equation. . . . . .. .. .. oo oo
8.2 Numerical Method . . . ... ... ... ... ... ... ... g
83 Results. . . . . . . . ..

'9 CONCLUSIONS

10 Bibliography

viii

63
63
69

77

95
95
96
97

103

107



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

