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multi-scale modelling of such suspensions (in the dilute case) was already proposed in
[Perez, Abisset-Chavanne, Barinsiski et al. (2015)]. A microscopic model governing the
evolution ṗ of a single rod is obtained from a micromechanical derivation using a dumbbell
representation of the particle and reads ṗ = ṗJ + ṗE, where ṗE depends on the external
electric field E and the charge q of the rod dipole. The proposed macroscopic model is
however tainted with non-reliable closure approximations that make it impractical to use.
We could of course apply the same rationale again, building on top of this modified Jeffery
equation. However, we want to consider here a semi-concentrated suspension, that is we
want to account for the effects of fibre-fibre interactions as well. Moreover, we want to
emphasize that the data-driven methodology proposed in this work is general and does not
depend on the technique used to conduct the microscopic simulations. Therefore, we use
microscopic direct numerical simulations inspired by molecular dynamics (MD).
This fine scale simulation technique is based on the following assumptions: (i) each rod
consists of a set of connected particles; (ii) inter-particle interactions are described from
appropriate potentials, in particular, the Lennard-Jones potential V LJ and two other poten-
tials, V E and V B, used to describe respectively the rod elongation and bending; (iii) the
rods are subject to inertial, hydrodynamic (drag) and electrical forces. A description of the
inner workings of this molecular dynamics simulation is out of the scope of this paper but
the details can be found in [Perez, Scheuer, Abisset-Chavanne et al. (2018)].
Specifically, the microscopic MD simulations follow the evolution ofN electrically-charged
rods interacting with each other in a periodic representative volume element. Figure 7a
shows the initial isotropic configuration of the particles. As before, we consider here a
simple shear flow, whose velocity field is given by v =

[
γ̇z 0 0

]T , with γ̇ = 1 s�1. The
electric field points upwards in the z-direction and the charge q on each rod extremity is
set to q = 1 C. In the absence of an electric field, the fibres tend to align in the flow field,
as illustrated in Fig. 7b, that shows the final orientation state of the fibres when E = 0
NC�1. Conversely, when the electric field is strong, the fibres cannot align in the flow and
the final orientation is along an inclined axis (the inclination depends on the intensity of
the electric field), as illustrated in Fig. 7b, that shows the final orientation state of the fibres
when E = 50 NC�1.

Database construction In this illustration, we only vary the number of particles N in
the suspension (that is the concentration of the suspension and thus the potential number
of inter-particles interactions) and the intensity of the external electric field E. Adding a
variation of the shear rate γ̇ or the initial orientation state (as in two previous illustrations) is
a straightforward extension. Therefore, the databases are built by following the evolution of
populations of N = 100, 200, . . . 800 particles subjected to an electric field E of intensity
ranging from 0 to 60 NC�1. The shear rate is fixed, γ̇ = 1 s�1 and the isotropic orientation
state is always chosen as initial configuration. In each case, we run the MD simulation
during 10 seconds, and compute each 10�1 second the macroscopic descriptors a and ȧ
from the individual pi and ṗi (i = 1, . . . , N ). Due to the stochastic nature of the MD
simulations, the simulations are run ten times and the results are averaged over the ten
realizations.
















