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Moti vation

In a set of recent experiments [1], the flow-
induced structural changes of different fer-
rofluid samples have been investigated by
Small Angle Neutron Scattering (SANS) tech-
niques. Together with rheological data ob-
tained for the same ferrofluids and under the
same conditions as for the SANS experiments,
the authors concluded that high magnetovis-
cous effects correlate well with strong struc-
tural changes in shear flow. The experimen-
tal observations can be described at least qual-
itatively within the phenomenological chain
model [2, 3].
In order to improve on a more microscopic
understanding of the observed phenomena,
we perform Brownian Dynamics simulation
on model ferrofluids. Thereby, we focus on
structural and dynamical properties. In pre-
vious studies, we have investigated the ef-
fect of dipolar interactions on magnetovis-
cous and dynamical properties [4, 5]. These
studies, however, were restricted to monodis-
perse systems and weak dipolar interaction
strengths, while the ferrofluids used in the
experiments [1] show either a broad particle
size distribution (magnetite) or strong dipo-
lar interactions (cobalt). Therefore, it is the
aim of the present study to extend our pre-
vious work to address these experimentally
relevant regimes.

Model system

We consider systems of 2048 and 10976 spher-
ical particles with embedded magnetic point
dipoles interacting via dipolar and steric forces.

In addition, the particles are exposed to a ho-
mogeneous external magnetic field. The ef-
fect of the solvent is modeled by friction and
Brownian forces. The importance of hydro-
dynamic interactions will be discussed else-
where. After initial transients, the momenta
are equilibrated and it is sufficient to study
the overdamped motion. Planar shear flow
with constant shear rate is applied to the sys-
tem using Lees-Edwards boundary conditions.
The magnetic field is oriented parallel to the
gradient direction of the shear flow. The
resulting Brownian Dynamics is solved nu-
merically for random initial conditions until
a stationary state is reached.

Simulation resultsfor bidispersesystems

In order to study the influence of polydisper-
sity on the magnetoviscous effect, we con-
sider a bidisperse model with fixed total mag-
netic volume fraction φ, but varying fraction
of small and large particles, φ = φs + φ`.
The equilibrium properties of this model have
been studied in [6], where it was found that
small particles may have an important effect
on the cluster formation of the large parti-
cles. Contrary to [6], we here use Rosensweig’s
potential to model the steric repulsion due
to the polymer shell. Parameters are cho-
sen to mimic the magnetite-based ferrofluid
used in [1]: φ = 0.07 and dipolar interaction
parameter λ = 1.3. Figure 1 shows the rel-
ative viscosity increase [η(H) − η(0)]/η(0)
as a function of the applied magnetic field
expressed in terms of the Langevin param-
eter for the small particles. From Fig. 1 we
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Figure 1: Relative viscosity increase for dif-
ferent fractions of large particles.

notice that the relative amount of small and
large particles does have a significant influ-
ence on the viscosity. A strong dependence
of the magnetic and viscous properties of
ferrofluids has also been found experimen-
tally [7].

Resultsfor strongdipolar interactions

The Cobalt-based ferrofluid used in the ex-
periments [1] shows strong dipolar interac-
tions and a rather narrow particle size dis-
tribution. Therefore, we model this fluid by
a monodisperse system. The values of the
volume fraction φ = 0.0035 and dipolar in-
teraction parameter λ = 14.4 are taken from
the experimental samples. Flow-induced struc-
tural changes are monitored in the structure
factor shown in Fig. 2 for low and high shear
rates. Projections in the plane of shear are
shown.
The structural changes with increasing shear
rate are due to decreasing cluster sizes that
correlate with a strong shear thinning effect
(not shown). These observations are in qual-
itative agreement with the experimental ob-
servations [1].
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