Stability of BMP shear flows in the Yield Stress Limit
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The BMP model [1] is an attractive Thixo-Elast-Visco-Plastic (TEVP) model that is popular and
widely used because of both its intuitive use of the fluidity as a structural parameter and its
ability to fit rheological data of a wide variety of materials. When the zero-shear fluidity (o) is
set to zero the fluid exhibits a yield stress and the inelastic version of this model dates back to the
1970s [2]. Elastic linear instabilities of plane Poiseuille flows of the BMP model have recently
been extensively studied in [3]. Here the focus of the study is on flow stability using this
constitutive model as a relaxation of a yield stress fluid (i.e. setting ¢=0 throughout), and in
particular how the model compares with that of a simple yield stress fluid.

Borrowing the notation of [3], we first show that the limiting case of zero timescale ratio and
zero thixoelastic number (inelastic and non-thixotropic) does indeed recover the key dynamic
characteristics of a simple yield stress fluid: (i) supporting a static solution in the presence of
applied forcing for yield stress above a well-defined critical value; (ii) global stability and finite
time decay to zero for yield stresses above the critical value; see [4]. Both these features are not
shared by many TVP models currently studied and this makes the BMP model of interest for
studying some paradoxical stability features associated with simple yield stress fluids.

Having determined the underlying dynamics of the yield stress system, we then relax inelastic
and non-thixotropic assumptions to explore how static stability is affected. These results are
illustrated with a simple 1D example: a pressure driven plane Poiseuille flow for which the
forcing is suddenly stopped.
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