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2 MD and NEMD Computer-Simulations
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2.1 N-particle dynamics
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% h The classical equations of motion
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of N particles with mass m at positions r; fecling the forces Fy are
integrated numerically,

in general, subject to certain constraints.

The pair force F;; = F can be derived from the pair potential ® :

fY F(r) = =V&(r)
0.01 ——i—H—FHH-I—!—O—I—I—H-l—P{——-!—%% where r = ry; is the relative position vector
1j . .

0.01 0.1 1 10 100

0.1

3.3 Averages

109 ' ' ' + ’ + | . Macroscopic quantities like

« capillary e internal energy
vao cone—plate T
T=18°C o couette e pressure (tensor)

10% +4 ad - e velocity distribution function

o ! ' e pair correlation function

""E . o static and dynamic structure factor

101+
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the positions and velocities of N particles and averaged over many
time steps.

nc‘ig-l " 4 1 are evaluated according to the rules of Statistical Physics from
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2.3 Potentials §
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2.5 DPeriodic Boundary Conditions
2.4 Scaling y g g-os
pe———— I'he volume V of the basic cell (box) is inferred from the number
With the help of the reference values ry, €, m for the length, energy N of particles and the number density n = N/V.
and mass, all pliysical quantities A are associated with dimension- For a cubic box the cell length L is given by L = V=!/3,
sless variables A* according to: The range of the forces is less than L /2.
a P T T g "ll
A=AA.. : . : o l: . |
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2.7 MD and NEMD

NEMD
Non-Equilibrium-Molecular-Dynamics Computer-Simulation 2.2 Simulation

rrzla.f«:at:on phenomena bewegte Winde, treibende Kréfte y = - F»
stationary transport processes [t
e.g. simulation of a plane Couette-flow _?—
A
X
-

2.8 plane Couette flow

V:=7Y, V=0, v,=0

shear rate
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2.10 Rheological Behavior, Pressure Tensor

p =p"" +p™,

kinetic contribution

kin =1 s |
pr =V m}:cIcP.
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¢ =1 — v(r')
potential contribution
of _ V_llEE 2] )
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p™ = 5N fng(r] d¥
particle density n = N/V
shear modulus
i -2 r
G =V T Tigriy (rhidh)

rij = ||Irij||andéi; = ¢(ry;)
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3.2 Viscositat dichter Fluide

Ergebnisse fiir LJ, LJ-HS, S5, Disp
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4 The Structure of Streaming Fluids

4.1 Expansion of the Pair-Correlation Function for a Plane

Couette Flow

(1) = g5(r) +0, ()3i+9_0)3 (3 = ) +anlr) (2 = 3) +-..,

#, 7, # are the Cartesian components of r.

gs = (dw]_lfg(r) d%.
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Pair-corvelation funclion g(r)
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3.8 Gereralized Stokes-Maxwell Model

The structural changes in the flow regimes / and I can be treated by starting from a
Kirkwood-Smoluchowki type of kinetic equation for the pair correlation function g = g(r):

89/t +T'r, 8g/0r, + Dig) = 0. (43)
" damping” term D(g) ensures that g approches the equilibrium pair correlation function
h Dig) = 77" (9~ geg) (44)
7 Maxwell relaxation time
stationary situation,
9= geg — ['r1,09/0r: . (45)
9= Geg = Trraryrigl 4+ (01) (rir gl +r2rpr (v gL)) = 4 ..
(46)
linear Stokes-Maxwell relation:
9+ = gw — gus = —-Trrgg,
test for a Lennard-Jones liquid
Stokes-Maxwell:
Poe = =T
7 =Gr (47)

. (high frequency) shear modulus G

G = =20 [ yO®] 0z yOgue/Oz d'r = %n’ [ 0800 g r,  (45)
spherical interaction and a system in an isotrapic state: Born-Green expression

G [:,ran;fr-*(.-%’)' &
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Rheological and small angle neutron scattering
investigation of shear-induced particle
structures of concentrated polymer dispersions
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Synopsis

Shear-induced particle structures of rheologically well-characterized concen-
trated polymer dispersions were investigated by small angle neutron scattering
(SANS) in a wide range of shear rates. The dispersions consist of electrostati-
cally stabilized styrene—cthylacrylate~copolymer spheres in glycol or water.
Their viscosity functions show pronounced shear thinning and strong shear
thickening versus shear rate as measured by various rotational rheometers and
by capillary rheometry. A quartz slit die, which could be tilted with regard to
the neutron beam, enabled us to achieve wall shear rates as low as 10~ 3~
and wall shear stresses up to 10* Pa. Part of the measurements were repeated
using a Couette shear cell. Spheres of 320 nm mean diameter at a volume
concentration of 58.7% in glycol show an amorphous structure at rest. In the

*IDedicated to Dr. H. Willersinn on the occasion of his 65th anniversary.

®1 lhngnSo:il of Rheology, Tne.
J. Rheol. 36(4), May 1992 0143-6055,/92/040743-45504.00 743
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Materialeigenschaften
von Fliissigkristallen
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oriented magnetic dipoles

attractive

strings planes

time evolution of a subgroup of particles
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* M. Kroger, W. Loose and 8. Hess, J. Rheology 37 (1993} 1057
M. Kréger and R. Makhioufi, Phys. Rev. E 53 (1996) 2531

Martin Kroger mk@polly. physik.tu-berlin.de EP'F Crete Oct 1996 4
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