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Plateau-Rayleigh Instability

Ohnesorge number

Oh = v/ pi/ (o Ro)

Capillary time

Teap = \/leg/a

J

Droplet formation at faucet

() HPC-LEAP

EUROPEAN JOINT DOCTORATES

: |nk /_\_/—\ -
pulse voltage
Nozzle — \

Piezoelectric

Droplet — transducer

substrate

—_—
Substrate Motion

Inkjet printing




Fluctuating multicomponent lattice

Microscopic scale Bolamann mode] Mesoscoplc scale
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Objective:
Understanding thermal fluctuations on nano-ligaments break-up

Otptot +V - (ptotViot) = 0 Otpry + V- (prpvior) =V - (DVu + P)
Ot (PtotViot) + V- (Ptot ViotViet) = —VP + V- {77 [VVtot T (VVtot)T] T 2}

& = +/2kgTDW,X = /nkgT(W + WT)

PrVyr + PV
Pr + Pb

Ptot = Pr + Pb  Viot =

DSCOp ale Mesoscopic scale

./TI
| 7 -

Particle methods

Macroscopic scale

! \\ _A
BN
B > 3

Navier-Stokes

Lattice Boltzmann method




() HPC-LEAP

EUROPEAN JOINT DOCTORATES

y N

Streaming fzf'"’b = [, (x — c;At, t — At)

Collision f:,b(x + C’L'Ata L+ At) — f;‘,b(x’ t) + ’Q’r,b(f’i (X7 t)) =+ F; b + fnozse
7', — Z fr’b

Hydrodynamics

quantities

rb rb Zfrbcz

=/

Shan-Chen forcing Frb(x,t) = — Z Gi2 Z wipu (X, t)ou(x + c;At,t)

D. Belardinelli, et al. Fluctuating multicomponent lattice Boltzmann model, Phys. Rev. E, Vol 91, Iss.2, 2015
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Collision f:,b(x + C’L'Ata L+ At) — fZ,b(Xa t) + Sr,b(f’i (X7 t)) =+ F; b + gnozse
r’ — Z fT’b

Hydrodynamics

quantities

'rb u”? Zfrbcz /

(&60) = (€,65) =0
pPp"

(&e) =~ () = 2aT L2 1 )

D. Belardinelli, et al. Fluctuating multicomponent lattice Boltzmann model, Phys. Rev. E, Vol 91, Iss.2, 2015
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Noise correlations
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Streaming

Collision

Hydrodynamics
quantities
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Il + At t+ At) = f70(x,t) + L0 (fi(x, 1)) + FLl + €00

1

Frl = Pz — e At t — A)

1 1

- Z frb

Navier-Stoke

Champman-Enskog expansion
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Otptot + V- (ptotViot) = 0
@tpr,b + V- (pr,bvtot) =V (DV,M + (I))

Ot (protViot) + V - (ProtViotViot) = —VP + V- {0 [Vvier + (VVtot)T] + 3}

/

D. Belardinelli, et al. Fluctuating multicomponent lattice Boltzmann model, Phys. Rev. E, Vol 91, Iss.2, 2015




Simulation set up
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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?

Thermal length

KT = v/ kBT/O'

Capillary time

Tcap = \/leg/U

Domain size: 192X192X512

Thermal length: ¢ = 0.1
X.Xue et al. accepted at PRE, arXiv:1804.09520

Deterministic LBM
(Fastest-growing mode)

Deterministic LBM
(Random Initial Perturbation))
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Fluctuating LBM
(Random Initial Perturbation)
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Break up time PDF for LBM and FLBM at fixed g = 7
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Thermal fluctuation impact on the break-up
process

.. .. R @ 100 steps FLBM + FLBM R, = 7(Ibu)
» Initial condition of the ¢ “e. ® 100 steps FLBM + LBM R, = 7(lbu)
hydrodynamics can the decrease 6 %101 *0\.
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Break up time as function of LBM and FLBM
at fixed g = 7

X.Xue et al. accepted at PRE, arXiv:1804.09520




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?

Thermal length

KT = v/ kBT/O'

Capillary time

Tcap = \/leg/U

Domain size: 192X192X512

Thermal length: ¢ = 0.1
X.Xue et al. accepted at PRE, arXiv:1804.09520

Deterministic LBM
(Fastest-growing mode)

Deterministic LBM
(Random Initial Perturbation))
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Fluctuating LBM
(Random Initial Perturbation)
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Thermal fluctuations enhanced droplets’

polydispersity

» Standard deviation of the droplet volumes are increasing with increasing of
» What is shape of the distribution?
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1 (3=0.0001(Ibu) Ry=7(lbu) droplets volume distribution ] ] (2=0.0005(Ibu) Ry=7(lbu) droplets volume distribution I [ ¢?=0.003(Ibu) Ry=7(Ibu) droplets volume distribution ]
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Distributions of droplets volumes at different values of ¢ at fixed ig = 7
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Droplet volumes distributions have small
deviation from Gaussian distribution
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What about different resolutions?
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Comparison with lubrication theory?

Initial Gaussian ‘
disturbance

Axisymmetric Lubrication theory (high viscosity ratio)

Shape of droplets

Hydrodynamics volume PDF

Oyh +vh' + %v’h=0

Ry
Ov +vv' = —P'/p; + 3,ul/pl(h2v')’/h2 Ih(x’t) I

P s are) | —
N —/

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

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




polydispersity
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Summary and future plan

AHPC-LEAP

v We investigated the nano-ligament the by using fluctuating
lattice Boltzmann method EUROPEAN JOINT DOCTORATES

v" Thermal fluctuations can speed up the ligament break-up
process

v" Thermal fluctuations can amplify the droplets polydispersity universits di roma

Technische Universiteit
e Eindhoven
University of Technology

Where innovation starts

Future work:

» Exploring nano-scale simulation with fluid-particle Ledastnr
interaction

Funded by the Horizon 2020
Framework Programme of the
European Union

Giuseppe Boniello, et al. ,Nature material, 2015
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