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Onset of convection is related to “numerically instantenous” elastic behavior
for Deborah number above certain critical value. This causes a problem since
velocities in that part of the domain go to infinity and thus CFL condition
stops the simulation. One can set a minimum value for the time step used in
the discretized constitutive equation to damp this instability. Locally large
velocities then influence only time step used in the thermal equation.

Numerical instability – effectively instantaneous deformation

ViscousCo-rotational stress rate

We implement maxwellian viscoelastic rheology into StagYY in
order to study how changes in the stress distribution in the
lithosphere influence tectonic processes on terrestrial planets. To
do so, one needs to tackle a general problem: viscoelastic
material responds with instantaneous deformation when forces
applied to the material undergo instantaneous change. This
results in a critical Deborah number above which simulations
experience singularity in the velocity field.
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Implementation of visco-elasto-plasticity (with variable shear modulus) into 3D spherical StagYY will follow. We look for 
suitable benchmarks to test the implementation of elasticity when doing so. Elastic events have to be parametrized to avoid 
obtaining results with velocities which are outside the scope of infinite Prandtl number convection.

observed object

fixed frame

Role of viscoelasticity in mantle convection models


