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Asymptotic and numerical analysis of non-Newtonian

flows in networks of blood vessels

Abstract

Partial differential equations in thin domains combining thin plates and thin
rods or pipes (so-called multi-structures) are extensively studied in math-
ematical solid and fluid mechanics (see e.g. [1-3]). In particular, in [3-6]
the so called thin tube structures were introduced as geometrical models
for networks of thin blood vessels, tubes in catalytic converters, pipelines
etc. The asymptotic analysis of the viscous Newtonian flows in these struc-
tures allowed to introduce the hybrid dimension models. They combine one-
dimensional and multidimensional description of the flow with asymptotically
exact coupling conditions between 3D and 1D parts of the model (see [4,5]
and a recent monograph [6]). Another approach for junction of models of
different dimensions for blood flow in arteries was proposed in [7, 8]. Thus,
hybrid dimension models provide the one-dimensional description in the main
part of the domain and make small full-dimensional zooms. These zooms give
detailed description of the flow in the zones of interest such as the bifurca-
tions of vessels, zones of blood clot formation, stents and so on. The hybrid
dimension models allow substantially accelerate computations without loss
of accuracy. In [3-6] the so called Newtonian rheology was considered : the
Navier-Stokes equations with constant viscosity. However, it is well-known
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that the blood as well as melted polymers exhibit non-Newtonian rheology,
when the viscosity depends on the gradient of velocity (shear rate). In par-
ticular, the numerical simulations for the blood show the difference about
10-15
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