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methods for soft matters

micro-scale method
(MD, MC)

meso-scale method
(TDGL, DFT, BD, etc)

macro-scale method
(CFD, etc)

multi-scale method
(pre-comp,
on-demand, etc)




why multl -scale for soft
matters?

% polymer flow
polymer << flow scale << container

% colloidal systems
lon << colloid << domain, flow scale

% glasses
molecule << collective motion

¥, elC...



AKAPSELO v1 ( 2«

meso -scale method (SPM)

Sedimentation
(colloids + fluid)

System size
128 x 128 x 2048

Number of particles
N = 4000

Particle diameter
D=10

Particle volume fraction
u =0.06

Particle Reynolds no.
Re=15

Computation time

1 week on

8-core Xeon machine
(8,000 USD)



Kim, Nakayama & RY, PRL (2006)

meso -scale mothod (SPM)

electrophoresis of charged particles
( solvent + ions + colloids )

Electric field > Electric field >




ARKAPSELO v1

meso -scale method (SPM)

AC Electric field <« >

0.10

0.07

0.03

System size
64 x 64 x 64

Number of particles
N =32

Particle diameter
D=8

Computation time

1 day on Intel

1-core-machine
(1,000 USD)
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Navier-Stokes Eq.
(solvent)

advection/diffusion Eq.

(ion)

Newton's Eq.
(colloid)

constitutive Eq.
(Newtonian)

free energy
(ideal gas + charge)

Kim, Nakayama & RY, PRL (2006)

meso -scale method (SPM)

EPJE (2008)




MSS Project@Kyoto (2007-2012)

multi -scale method (future)
 Collid Simulator, KaPSEL [
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Meso Level
(colloid, host fluids)

Variables
Density
Electric Potensial

Chemical

Micro Level (isons)
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2. locally embedded (synchronous)

Space

exterior

point of
Interest
(crack front,
nuclel, etc...)

~—

e

coarse simulation

>

Time

exterior



HMM, Ren & E (2005)

. etc...
3. local sampling (synchronous)
s 4
|
N | | II\/ID
MD box size

I
T

N fine simulation

T T T T saving factor
C

oarse simulation = (Dx / lyp)®

space resolution

|| ——@-
o



HMM, Ren & E (2005)
etc...

| ocal s-aemand)li ng

assumlng local stationality in fine simulation

T

Q
Q
@©
N

t\,o: duration of fine simulation

T.a
rﬁ

T T T saving factor
m (Dt

coarse simulation = (Dt / typ) (DX / lyp)°



related previous works

%, scale bridging algorithms

- equation-free method, Kevrekidis et. al. (2003)
- heterogeneous multi-scale modeling, Ren & E (2005)

¥, polymer flow

. De, Fish, Shephard, Keblinski, & Kumar, PRE (2006)
. R e ntallsin this workshop
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related previous works

% scale bridging algorithms

- equation-free method, Kevrekidis et. al. (2003)
- heterogeneous multi-scale modeling, Ren & E (2005)

% polymer flow

De, Fish, Shephard, Keblinski, & Kumar, PRE (2006)
R e ntallsin this workshop

simple catching ideas, but there are still many
problems to be overcome, some are very serious

16



contents

3, Multiscale simulations for soft matters
(MSS@KYyoto)
- our motivation and strategy

v, Example 1.
- flow of polymer melt (1D)

v, Example 2:
- flow of simple liquid (2D)

17



Yasuda & RY, EPL (2009)

system under consideration

polymer melt between rapidly
oscillating plates

V= Vg cos(wot)

K-G chains (N=10)
In severely jammed
condition

Uy = —Ug cos(wot)

18



Yasuda & RY, EPL (2009)

our multt -scale method

CFD (1D) YIpXED) I NEMD (SLLOD):
mid-point )
(symmetric b.c.) =16 '

:]:Dx > |MD(I)'

|

: : 1000 beads in a box
! (N=10 x 100 chains)
: M
|

o(t, @) = fl¥(t, T)]

1 (0<t <t)
memory
1 =0 space save only

bottom plate
(non-slip b.c.)

Dtcep = tsampe = 1000Dty5

19



Yasuda & RY, EPL (2009)

polymer vs. Newtonian

H* = 1600
vy = 10
wg = 2m/1024

saving factor = 5 -
Dx/lyp =5 -
I:)tCFD / tSample =1 i

Newtonian case M ‘
l,/ ~ 7\/ 1/0/&]0 -
Vo COS wot
(a) Polymer melt (b) Newtonian

1, ~400° ]

—

Thickness of the boundary layer becomes thinner for polymer
melt due to shear thinning taking place near the plate.




Yasuda & RY, EPL (2009)

local complex rhology

Ay t) = / Sy, ¢t

strain amplitude phase retardation

Y0(y) cos(wot + d(y))
Oy (Y, 1) o1(y) cos(wot + 6(y)) — o2(y) sin(wot + 6(y))

elastic stress VISCOUS stress

storage modulus

(elastic response) G’ (y) o1(y)/v(y)
loss modulus G"'(y) = o2(y)/7 )

(viscous response)
Al ocal o compl ex modul us




local complex

Yasuda & RY, EPL (2009)
rheology

H* = 1600
wi = 21/1024

10
WHl

l, ~400 €<——

visco-elastic solid
GO >G0H 0

le De*(y) = wora(3(w))
. = 1

visco-elastic fluid
G666 > GO

@
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viscous fluid
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Yasuda & RY, EPL (2009)

local complex rheology

H* = 800
wy = 21 /256
[, ~200 «<——

visco-elastic solid
GO >GoH 0O

De®(y) = woTa(¥(y))
_é

De"(y)

1 76

viscous fluid
G666 >




contents

3, Multiscale simulations for soft matters
(MSS@KYyoto)
- our motivation and strategy

v, Example 1.
- flow of polymer melt (1D)

v, Example 2:
- flow of simple liquid (2D)

24



Yasuda & RY, Phys. Fluids (2008)

system under consideration

Driven Cavity Flow (2D)

simple Lennard-Jones
(WCA) fluid

Reynolds number
Re =U,L/n

25



Yasuda & RY, Phys. Fluids (2008)

our multt -scale method

CFD (2D)

8 e’ .
o + U8Yas _ A . : 256 particles / box
ot o h\ Sl 32x32box
03 - —
_ 1 00ap A 1 ar Oy (t, %) =
p 8335 > ./ t —
~ o f ey (t, 7))
\ —m .
(o, B € z,y) space-time save

rotation,

;7/0457 Oaf <

> ;Y(,yﬁao-:xﬁ (’:)/(lxoz — 07 U;a — p) ]



(2008)
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Yasuda & RY, Phys. Fluids (2008)

fluctuation analysis

fluctuating local stress
/

Oy (2, 1)

Foulier
transform.

ks key)

spectrum
density




Yasuda & RY, Phys. Fluids (2008)

multl -scale vs. fluct . hydro.

comparison with fluctuating hydrodynamics for
saving factor =1 (gx/ I, p=1, ot / t,p=1)

2

(k-’ﬂr k”y) — f(m’f‘v my)
Re =59
., o g
Y /1 Ty 2 /] 4 N
<| U2 | > /// <| pU?2 | >/// et
// {)noise part
4E-05¢] 4E-05 5
I R
LT | ?ifé!%%i{@iﬁ;f':‘::‘:&‘-*:&a;..- [
2E-05f b R R e X 2E-05
e s g :
30 30
0
10 0
20 30 my 20 Y
mac My 30
saving factor = 1
(a) Hybrid Moldel (b) Fluctuating Hydrodynamics

ot (x,y) =~ ok, (z,y) ~ T(z,y) + R(x,y) | signal + (white) noise




Yasuda & RY, Phys. Fluids (2008)

a scaling hypothesis (CLT)

Re = 235
saving factor = 8 saving factor =5 saving factor = 2.5
thermally fluctuating local stress artificial fluctuation




