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Four part


Introduction — Bubbles

- Cavitation Inception — Hydrodynamics of Propeller:

Strong Water, o;=0.93

- Gaseous Nucleation. Beginning sheet cavitation, Utfe =233 Tnception downstream of tip

Developed sheet cavitation, Ut/c = -1.02 Ut/e = 0.22 (2.8 millisec)

Arndt, Annu. Rev: Fluid Mech. 2002

Bubble reaches tip Ut/c = 0.73 (9.3 millisec)

- Sonoporation — Drug Delivery:

- Ultrasound Contrast Agent;

Fu et al, J Phys. Chem. Lett

 Drug Delivery & Noninvasive Therapy. 2015
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Bubble dynamic have very wide apllication, For example, the cavitation .Bubble inception, how it generated?? What is the mechanism?? Pressure change fast!! 

permeability


Introduction — Bubbles

- Nanobubbles (surface or bulk):

- Stability of their long life (days & weeks);

« Current MD simulation is limited to several tens of bulk

nanobubbles O O
oo ()

surface
N/ an 1 micropancake nanobubbles

4 | I
ZT 4 I T 1] \ \ ]\gasfﬂow | Seddon et al, ChemPhysChem, 2012
2 P Lohse & Zhang, Rev. Mod. Phys, 2015
T ) \ 9 / ohse ang, Rev. Mod. Phys.

Weijs and Lohse, Phys. Rev. Lett, 2013

nanometers, resulting in lifetimes of order 100 ns.
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Stability of their long life (days & weeks) How can it stay so much long time?? MD maybe not enough for this simulation. Micrometer scale and longer time.


Introduction — Dissipative Particle Dynamics

Macroscale Mesoscale Microscale

(e
.ﬁl’kﬁ Sl BPYA LM TV TR W 2.7 WM WOT B Al T3 ARE T 4 &

Continuum:
Finite dilTerence/volume/element,

Mfr:roscrlyn'rf:
u
volume of Muid, level sel, immersed

Density functional theory,
molecular dynamics,

boundary methods ... Monte Carlo methods ...
%,u.m 10 nm
ms Ins
A
DPD I;Iavli(er-
tokes
Colloidal suspensions [Koelman and Hoogerbrugge, 1993, Boek et al., 1997] - macroscopic
Extensions:
*eDPD
Ploymer solution [Kong et al., 1997, Spenley, 2000, Jiang et al., 2007] % 0PD
Two-phase flow [Pan et al., 2016, Warren, 2003] %
o
7 [T
Surfactant [Groot, 2000, Groot, 2003, Rekvig et al., 2003] cl\do‘:'riiagnr:glg::egctlon
*Kinetic equation
Membranes [Yang and Ma, 2010, Dutt et al., 2011, Li et al., 2012] o Noranolrasselintion
Drug delivery [Tomasini and Tomassone, 2012, Patterson et al., 2011, >
Masoud and Alexeev, 2011, Delcea et al., 2011] Temporal scale
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The mesoscopic method maybe a good choice.
DPD have become a successful method in many kinds of region, such as we listed.
We can see, the DPD method has become a very good mesoscale modeling technology.


.

Standard DPD Method

- Basic Theory

. dr; . dv;

dt_vi'E:fi-l_Fe'

+ f; =Y .(F; + F + FY).

. F¢ = aij(l _Tij)fij, Trij < 1
lj 0’ oF > 1 1

J

D _ D _ .
Fiy = —yw®(ryj)vij - 1yjmj

° Fg = O'WR(Tij)Hiji'\ij .
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- Fluctuation-Dissipation Theorem:

o

Y= ZkBT;
(L —r/re)smy <7,
- wP(r) = [wR()]? = {0, ’ ri]j > rCC'
solvent
'Y S
1
“o i
k
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The standard DPD method is a bottom up method, the motion of each (M)DPD particle is governed by Newton’s second law.  The DPD model consists of a set of point particles that move off-lattice interacting with each other with three types of forces: a conservative force deriving from a potential, a dissipative force that tries to reduce radial velocity differences between the particles, and a further stochastic force directed along the line joining the center of the particles.

 The last two forces can be termed as a “pair-wise Brownian dashpot” which, as opposed to ordinary Langevin or Brownian dynamics, is momentum conserving. The Brownian dashpot is a minimal model for representing viscous forces and thermal noise between the “groups of atoms” represented by the dissipative particles. Because of momentum conservation, the behaviour of the system is hydrodynamic at sufficiently large scales.


Many-body DPD

- Basic Theory - Equations of State (EoS) :
an_ o avi_ g + DPD: P = pkpT + aAp?
1/ l e-
at at - MDPD: P = pkgT + aAp? + 2aBr;(p3 — cp? + d)

f; =Y ;.(F; + Fj +FY).

200 —.—.— IdcalFluid(A=0,B=0)
[ — DPDFluid(A=25,B=0) ]
c I MDPDFluid(A=-30,B=25)  J
- F~ = | —.—.—.— MDPDBubble(A=0,B=25) /
ij -

150

[AijwC(rij) + Bij(pi + pj)w?(ry;)]

100
o
° D _— — D . . .. W . . s . *
Fij = —yw (TL])VL] rl]rl_] / ol
. R _ R o ! -
Fij =ow (rij)Hijrij . 0_.-.*-.'
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Introduction — Pressure control

* The boundary condition(BC) in Particle methods

- Periodic BC S T~

- No-slip wall BC

- Pressure BC? T

DPD

- Andersen barostat [ 7rofimov et al, 2005

- Berendsen barostat [Atashafrooz and Mehdipour, 2076, Seaton et al, 2073)
- SSA: Shardlow-splitting algorithm [Lisal et al, 207]

- Langevin piston approach [Jakobsen, 2005
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Bubble dynamic always face to the pressure control problem. How can we construct the pressure BC?


Outline

- Barostat in DPD & MDPD

« Berendsen barostat in DPD

 Partial Berendsen barostat in DPD & MDPD
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Berendsen Barostat theory

The Berendsen barostat’s scale factor,
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Here, tis the time step, 7, is the “rise time” of the barostat, and P, is the desired pressure.
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Vey easy to combine into you code!


.

Berendsen barostat applys in single component
System

k,T

180 I . .
160 ———- =100 = .

I : t*=0 : Start the
777777777 implement of
i/ pressure control.
1205— f';[ 3
IOO;— i 2
'8 ' . o .

1.6:— - ::}ﬁo - _h
0.6f- - d
-EIO (I) zl{)
’

DPD
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A good barosat 


Berendsen barostat - Nonequilibrium dynamics

o = Po+ Pysin(2wf - t¥)
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Here, fis the frequency, P, is the amplitude. And P, is the constant part of desired pressure P, *
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Owning the Nonequilibrium dynamics advantage


Berendsen barostat limitation

« Particle displacement rescaling
r—ur(1=123,.. N

e Region size rescaling
L>ul(L=L =L =L

y yA

o

a2
T
A

Bring an artificial effect on
the multi-component < o
system interface.

Pressure control in DPD & MDPD


演示者
演示文稿备注
Even break the interface bring unsatbility.


Partial Berendsen Barostat

e Consider a cubic system which contains N _

molecules and its volume isV =L3. /

[ — w5 (i=1,23,...N)
Lo ul(L=L =L,=L,)

(rx,ry,r )i a(yrx,yry,yrz)i

Free Zone

Control Zone
(Far-field Zone)

(Lol L) = (ub,,pl,, ul,)

» The Berendsen barostat’s scale factor, \

1/3

At

/le_z__(P_Po) et e s =

p
|
. . . f
. . . o | Define a new variable: 6 =—
Here, tis the time step, 7, is the “rise time” of : L

the barostat, and P, is the desired pressure. e e e ==
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Simple idea to modify the Berendsen barostat.


Outline

- Bubble dynamics in DPD & MDPD

+ Application in multi-component system

+ Bubble Collapse & Oscillation
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Vacuum and Gaseous bubble

« Control the surrounding fluid P P
pressure become the constatnt O ________ . 0 o
value P,.

I. I I 1, Liquid
f[ﬁuh |
|||d """“’W\Tm— Pyt
‘m — :: :: . =
L L
Collapse quickly i

D
}nur

Bubble
P in

DPD

Pressure control in DPD & MDPD July 28, 2017 16


演示者
演示文稿备注
There is small oscilation phenomenon in the early time.


Microbubble oscillation

- Bubble Dynamics

- Natural frequency from Rayleigh — Plesset Equation
(C. E. Brennen, Cavitation and Bubble Dynamics, 2013)
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Greater partial bring stronger oscilation.
Fast Fourier transform


Bubble oscillation and collapse

Control the surrounding fluid

pressure become the fluctuating

value P,*.

o = Po+ Pysin(2mf - t%)

Partial Berendsen barostat could be

good barostat in nonequilibrium
dynamics.
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Obtain the dynamics action detail.


Summary

+ The original Berendsen barostat works well in the (M)DPD simulation of the single-component

system under constant pressure condition and nonequilibrium dynamic process;

- A partial Berendsen barostat is proposed to study the multi-component system in (M)DPD

simulation:;

+ The partial Berendsen barostat could be a good candidate for the study on single or few

droplets/bubbles under certain pressure control in nonequilibrium dynamics.
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Ding-yi Pan

E-mail: dpan@zju.edu.cn

Pressure control in DPD & MDPD

Yu-qing Lin

E-mail: linyuging@zju.edu.cn

July 28, 2017

20


演示者
演示文稿备注
And Welcome to you comments.


Partial Berendsen barostat

e Applysin (M)DPD Single-component
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—-—A——. AP(MDPD) N
—.—-— kAT (MDPD) !
- —@ - AP(DPD) !
—>— kAT (DPD) !
!
>
/ -I
/4

system [
30 —

e A critical value of § exist, when it 2
smaller than the value, the 20
barostat will work well. sk

. % wf

e Too great partial degree(greater .k
than the critical value of §) will i
lead to invalid the thermostat. "F
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Gaseous bubble

| |
8 | 80 .
.,_ . ?02— .
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a 4f L & 30F . I
AP N : : T
3:_ Vv \\ EJJ 20; I
:_ ‘lll 10_— wwwww _ I
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r 1 A0k T
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1 * Improving the surrounding fluid pressure by the partial Berendsen barostat. !
1 * Bubble shrink and become smaller, but the inside pressure improve with the |
: outside fluid pressure. .
- » The surface tension increased because that the size of bubble dereased. |
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