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What We Won’t Emphasize in this Section

* MD: effective potential details
* Details of fluid-solid coupling strategies
* Pe = 0 limit
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Physical System: Total Size and Time

* High Pe: Rheology of dense, aspherical
nanoparticle suspensions

— Length and time scales

 Some rules of thumb
— 0(104) particles
— Strain O(10) box units

—y~100s" .
- AT
—2a.~10 - 1000 nm g S
Electrostaticy ata)” : g, 2
-®,.~0.5 protE( -“5&, 2
*L~0(0.1-10 um) e ———————

. v, ~ O(10 — 1000 pm/s)
- T~0(0.001 —15)
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ysical System: Dimensionless Numbers

and Timescales

Ph}-‘sjjd parameters a= l0nm a=lpm o Note: Pe, Re, TD, ts

M= —ma® e 1072 g0 107" 410 . 107" ]

W - * Also, note: 1, timescale for
EE 16 « 10%a ~ 16 = 16+ 10

momentum to diffuse in fluid

101072 ~10.10" &
=] =1

Ez =6ana = 1.9« 10 "a
O T T over length a
" Gmpa a : s
Hydrodynamic numbers a = 10nm a=1pm - Propagatlon Iength grows as Vt
< 0.005 - SD and the like imply 1, =0
~ 107"

 Low Pe: Suspension

Ma = == = 6.76 » 107 "ug =

Cq

Stability/Self Assembly
— 1 =d2/D,, ~ 0(0.001 — 1 s)

Time-scales

a = 10nrm a=1lpm

*T~0(0.1-100s)
e Scales as a3

Radius, a = 0.01uym (10nm) and 1um in water
at standard temperature and pressure

=99« 107 s =22 107 pressure, moving at a velocity vg = 10pm/s.

From Padding and Louis (2006) cond-mat/0603391 National
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» Stokes Methods: SD/BEM

— ASDB/BD-hydro costs ~ O(N'-25logN) based on Ewald,
Fourier sums for long-range terms; ~ O(N) based on
PPPM-like method

— BEM costs ~ O(NlogN) using multipole acceleration
* no contact and near-contact is expensive

— Quasi-analytical: aspherical is challenging
* General form of the near-field terms (subgrid physics)?!

— Effectively instantaneous hydrodynamics
— Fluid-particle coupling “built-in”
 FD/FE, LB
— Solve continuum Navier-Stokes PDE’s + B.C.’s and I.C.’s
— Fluid-particle coupling required
 Particle Based
— SRD, DPD, SPH, LB

Survey of Methods
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* Full Navier-Stokes Equations for Newtonian Fluid
ou, Ou; 20u, J ou;
Ojj

+ = +uUg 0
ox,  ax; 3ax; 1) HE g, O

J
oup | 0w _ . O, d*u; JLo(ouw) oo
Prar "Pige, TP T g T Ox;0x; 30x;| Ox; lleax,- Ox;

Continuum Equations for Fluid

Du: i
p— =pF+ " G,-,-=—p5,-,-+u(

* Incompressible fluid
ou; _ g
Ox;

- Small Re, large S/ = ¢/ut, but ReSI = ?/vt = 7,/ still small

— Quasi-static, creeping flow, Stokes Equations are valid
with error O(Re,'?)

ReSlg—ltl+ Reu-Vu = pF—Vp+vV2u

V-u=0
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Computational Requirements

 Dense suspensions
— contact or near contact
« Aspherical
— general treatment
« Large systems & long times

— Continuum approaches
« 2aldx ~10, L ~ 80a
- Nnodes ~ 0(107)
o dt/dtyp~ O(102 - 103)
— Typ ~ O(105 — 108)
— # NS solves ~ O(103 - 10°)
* Options?
— Coarse-grain:
“telescope” time scales

— Explicit algorithms

10 ljs— - T — Muoid collisig
R B T — Nud de—cormelation
13 -
L0 Ps— - % — Fokker—Planck
s
11
s , 3
" I . —HEONIC 1 s T+ — Fokker—Planck
55— 1
= - . == %. —sonic
10 s lelescoping down _
T o ) I s T.  —kinematic
e ) ) 107 s 7, —colloid diffusion
5 T —Browmian { Langevin
I s T —Linematic
L0} l] =t
i . - .
I 5 —collowd diffusio

Time scales for 1 um colloid in water.
From Padding and Louis (2006) cond-mat/0603391

— Quasi-implicit/Semi-implicit algorithms

— SD/BEM
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