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Objective:
Understanding thermal fluctuations on nano-ligaments break-up
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Basic lattice multicomponent Boltzmann model
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Basic lattice multicomponent Boltzmann model
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Basic lattice multicomponent Boltzmann model
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Basic lattice multicomponent Boltzmann model
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Thermal fluctuation impact on the break-up process

1. Ligament breaks up faster under the
influence of thermal fluctuations?

2. What 1s the impact of thermal fluctuations on
Droplet distributions?

Thermal length

ET = \/ k‘BT/O'

Capillary time

Domain size: 192X192X512
Thermal length: ¢ = 0.1

X.Xue et al. arXiv preprint arXiv:1804.09520
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Thermal fluctuations accelerate the fragmentation process
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Thermal fluctuations accelerate the fragmentation process
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Thermal fluctuation impact on the break-up process

1. Ligament breaks up faster under the
influence of thermal fluctuations?

2. What is the impact of thermal fluctuations on
Droplet distributions?
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Thermal fluctuations enhanced droplets’ polydispersity

> Standard deviation of the droplet volumes are increasing with increasing of /3
» What is shape of the distribution?
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Droplet volumes distributions have small deviation
from Gaussian distribution
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What about different resolutions?

othoy
P ..
Al V’i\
—14 N ® \\
10 /’ v \\
/m0 AN
/oY *
b> // “ \\\
/‘\ /,, .\‘
—2 ] \
=107 m' mg myym 'm
L3 o J ®
Q VR 4 4 \{
A o ‘\ ® ¢
¢/ N ¢
/ \
10734 ,"I ® with— TN Ry;=71lbu \
/ ¢ with— TN Ry =10 1Ibu \
/ ¥  with— TN Ry =14 lbu \
/ B with— TN Ry=281bu ( >‘\
\
A 2 R Standard Gaussian a
1077 :
—4 -3 —2 —1 0 1 2 3

Normalized PDF for fixed /2. = 0.0001
at different R, vs Gaussian distributions

X.Xue et al. arXiv preprint arXiv:1804.09520

@ standard deviation | e
7
7
10" o
] 7
| o
4 ’
4 //
. ’
"b .’ ’
R e
L4 7
.’ Pid
P 7
4 //
P ,/
//
@
'
7
,/
.
103 4 il
1 7
] '
7
7
'
7
'
7
7
'
7
7
7
: : :
101 2 x 10! 3 x 10t
Ry

Standard deviation of initial radius as
a function of R, for fixed /2, = 0.0001



Comparison with lubrication theory?

Initial Gaussian . Shape of droplets
_ Hydrodynamics
disturbance y Y volume PDF

Axisymmetric Lubrication theory (high viscosity ratio)

1
6th —+ 'Uh, —+ §’U’h = 0

Ry
Opv +vv' = —P'/p; + 3ul/pl(h2v’),/h2 ______________ I_h_(x_’ti __________ I
1 h//

P=o !h(l F(W)2)E (14 (h/)2)%] \/\/
\_

1. T. Driessen, R. Jeurissen, International Journal of Computational Fluid Dynamics, 2011

2. J Eggers, TF Dupont - Journal of fluid mechanics, 1994



Thermal fluctuations amplified the droplet polydispersity
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Summary and future plan
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Future work:

» Exploring nano-scale simulation with fluid-particle interaction
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Does initial configuration of the disturbance contribute
to the shape of the PDF’
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