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2 Deutsches Zentrum für Luft und Raumfahrt e.V., Köln, thomas.voigtmann@dlr.de
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When amorphous solids are formed by solidification of dense liquids, slow intrinsic struc-
tural relaxation time τ plays a determining role on their final flow properties. Close to
the glass transition, small external mechanical fields can drive the system into nonlinear
response regime [1].

Mode-coupling theory of the glass transition (MCT) is able to derive rheological behavior
from first principles and allows to relate yield stresses to slow structural relaxations leading
to shear thining behavior[2].

Because the schematic MCT models are computational demanding, a non-linear exten-
sion of the Maxwell model for visco-elastic fluids has been proposed, which mimics the
microscopic processes identified by MCT by a shear rate-dependent relaxation time [2].
Consequently the next relations are obtained:

σ(t) =

∫ t

0

[−∂t′B(t, t′)]G(t, t′, [γ̇])dt′ (1)

G(t, t′, [γ̇]) = G∞e
−(t−t′)/τe−(t−t

′)γ̇(t′)/γc (2)

Here σ(t) represents the stress, B(t, t′) the Finger tensor, G(t, t′, [γ̇]) is the dynamical
shear modulus, and γ̇ represents the shear rate. G∞ is the low-frequency Maxwell plateau
modulus, and γc is 0.1.

Combining this constitutive equation with the Navier-Stokes equations to describe the
evolution of flows represents a challenge due to the known difficulty to solve them. A
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Figure 1: Velocity profiles for a pressure driven flow at steady state for different τs.

computational fluid dynamics tool, OpenFOAM CFD, was chosen to simulate the be-
havior. A new solver called viscoelasticFluidFoam [3] will be tested to study how flow
develops using the mentioned constitutive equation.

Different relaxation times have been studied and the velocity profile on steady state have
been compared to the results obtained using lattice Boltzmann simulations and analytical
results. Profiles comparison can be observed in Fig. 1 for different relaxation times.

These results are very much in agreement, with the profiles obtained using lattice Bolz-
mann simulations by Papenkort [4]. Stress profiles, strain rate, among other measurable
quantities, both on transient and steady state will also be studied as well as complex
geometries, possibilities offered by OpenFOAM CFD. Focus will be on the history de-
pendence on the transient deformation behavior after applying and removing external
perturbations.
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