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Fiore, Balboa, Donev, and Swan. J. Chem. Phys. 2017

web.mit.edu/swangroup

The Swan Group @ MIT

Software
Positively Split Ewald (PSE) Algorithm for RPY Hydrodynamics

In the artida ‘Rapid samplng of stochastic dsplacements i Browiar cynamics
simulatons’, Fors er &l present a new t2chnique for sampling the stachastic thermal
displacemanre in Brawnlan Cynamire simularions with hyreacynamie inrerarrians
represantad ar the Ratna.Prager-Yamawaka (RPY) lave of apprexirat an. This technique,

A= oo A

called Positively<Split [rald sampling, samples the Crovmian disolacernents ‘rom a
superpos tion of two indapedant distrbudons: s wave space (ar-fielc or long-rargzd)
contribution. computad wsing tachmigques from fluctusting bydrodyremics and non-
uniform fast ~our =r transforms; ard a real space (nzar-field or shot-ranged) correction,
computad using a Krylov subszsce metnod. Tha total computstional complexity of the
agorithm scales limeardy with the numher of partle £5 madeled. The PSF algorithmn enables simudaricons of wp e 4 milllon
solleddal aar clas. A high-performance implemantatics af the PSE alpar thm an granhics pracessing uaies (G2LUs), writren
A% A pugin tar the Softzace pacKage | COMDADILS i< treely Avallzhla an Girl b,



http://web.mit.edu/swangroup
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HOOMD-blue

web.mit.edu/swangroup
Swan and Wang. Phys. Fluids 2016

The Swan Group @ MIT

Software

Positively Split Ewald (PSE) Algorithm for RPY Hydrodynamics

In the artida ‘Rapid samplng of stochastic dsplacements n Browiiar cynamics
M= M A simalations’, Fars er al present a new 2chnigue for sampling the srochastic thermal
displacemanre in Brawnlan Dynamire simularions with hydeacynamie inrerartians
represantad at the Ratna.Prager-Yamawaka (RPY) lave' 0f appreximar an. This techni que,
called Positively<Split [rald sampling, samgies the Crovmian disglacermnents ‘rom a
superpos tion of two indapedant distrbudons: s wave space (ar-fielc or long-rargzd)
contribution, computad wsing tachmigques from fluctusting bydrodyvremics and non-
uniform fast ~our zr transforms; ard a real space (nzar-field or shot-ranged) correction,
computad using a Krylev subszsce metnod. 1ha total commputstional complexity of the
agorithm scales limeardy with the number of partle £5 madeled. The PSF algorithmn enables simudaricons of wp e 4 milllon
rolleddal aart clas. A high-performance implemantatia~ af the PSE alpor thm an graphics pracessing uaies (GPUs), writren
A% A pugin tar the Softrace pacKage | COMDADILS IS treely Avall2hla an Girl b,

Brownian Dynamics of Rigid Bodies

A GPU zlgorithm for Brownian Uynamecs of composite-beszd rgd particles s
implemented. Arbitrarily shaped colloidal particles o macromolecules czn be mcdeled
as rghd assemblies of heacs from surfacs tessslation. Hydrodyramic Inrerardons
ameng, tha heacs are modelest with REY rensar applying the FSE alrorthm. Correcs
hydrndynaric and STANSNOIT RFADAIT 68 AR STraseiully caprurad as damonsiratad in
the articke "Rapic wlkculation of hycrodynamic and trensgort oroperties in conceni-ated
solutions of colvidal perticles and macromolecules”. The software packsge <an be
downlceded nerz.



http://web.mit.edu/swangroup
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How Do You Know [t Works”
(for not hard spheres)

T T T T T T T T T T T T T T T T T T
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B ® Present Work ]
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0 0.1 0.2 0.3 0.4 Fiore, Wang, and Swan. Phys. Rev. Fluids, 2018.



How Do You Know It Works?
(for not hard spheres)

U/kT
§) 8 10 12 14 16
1.4 =+ | [ [ [ t|
O Simulation
1.2 — ® Experiment (5
c/c*=0.46 +
1.0 —
— 0.8 —
éi o
G 0.6 10 —
c/c*=0.69 U/kT=12
0.4 = _
0.2 i § |
0.0 —__ | | | | | | —
c/c*=0.93 U/kT=16 0.4 0.5 0.6 0.7 0.8 0.9

c/c*
Whitaker, Hsiao, Varga, Solomon, Swan, and Furst. submitted.



Heterogeneous Structures
and Flows

Structure factor in an imposed shear flow

Polyelectrolytes Nanotubes  Polymer solutions
’ 2 N
Villetti et al. Pujari et al., Miller et al.,
Macromol. 2000 J. Rheol. 2011 Macromol. 1996

CoII0|daI gels

fop

Wouterson et al., Varadan and Solomon Kim et al.,
J. Rheol. 1993 Langmuir 2001 J. Rheol. 2014



Colloidal Hydrodynamics Affect
Structuring in an Imposed Flow

No hydrodynamic interactions

A

vorticity

>
flow

Silbert et al., J. Rheol.. 1999
Dong et al., J. Rheol. 2016




Colloidal Hydrodynamics Affect
Structuring in an Imposed Flow
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Varga and Swan. J. Rheology, 2018.



Colloidal Hydrodynamics Aftect

INng In an Imposed Flow

Structur

Soft Matter 2011

Grenard et al

<

~2.8 H

H/a=20

Divoux, Varga, Manneville, McKinley and Swan. in preparation
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Heterogeneous Structures
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Colloidal Hydrodynamics Affect Stabllity

bond strength/thermal energy

increasing

increasing bond strength/gravitational load

Varga, Hoffman and Swan, J. Fluid Mech. submitted












R(pixels)

Colloidal Hydrodynamics Affect Stabllity
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20

- Strong gel

<% | Actual blow-up time: 570 min.
T 1 Best fit to model: 586 min.
B | From sim. parameters: 623 min.

50 100 150 200 250 300 350 400 450

t(min) Starrs, Poon, Hibberd, and Robins J. Physics: CM 2002



Andrew Fiore
Gang Wang
/sigmond Varga

For fast hydrodynamic interactions see:. HOOMD-blue plug-in:

Fiore, Balboa, Donev and Swan, J. Chem. Phys. 2017 web.mit.edu/swangroup



http://web.mit.edu/swangroup

