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Abstract
A large  number  of  fracturing  fluids  exhibit  shear-thinning:  namely,  their  viscosity
decreases with shear rate. Traditionally, a power-law rheology has been extensively
used in hydraulic fracture (HF) modeling – mostly because of its analytical form for
lubrication flows. However, such a power-law model under-estimates, respectively
over-estimates,  the  fluid  viscosity  at  large,  respectively  small  shear  rates.  More
advanced rheological  models  which capture the proper evolution of fluid viscosity
over the wide range of shear rate encountered in a fracture will be discussed and
applied to several hydraulic fracture growth problem. We will notably focus on the
classical  plane-strain  (KGD)  geometry1 as  well  as  the  steadily  moving  hydraulic
fracture (tip) problem2.

In  particular,  we  will  compare  hydraulic  fracture  growth  predictions  (in  the
impermeable  limit)  obtained  with  a  power-law  model  against  the  more  physical
Carreau  rheology.  In  particular,  the  results  obtained  with  the  power-law  model
confirm its inadequacy for realistic fluids used in practice: the Newtonian plateau at
high and low shear rates just cannot be neglected. As a result, we argue that the
power-law rheology should just be plainly abandoned in HF modeling.

1 L. Pereira and B. Lecampion. A plane-strain hydraulic fracture driven by a shear-thinning Carreau
fluid. International Journal for Numerical and Analytical Methods in Geomechanics, 2021.
2 F. E. Moukhtari and B. Lecampion. A semi-infinite hydraulic fracture driven by a shear thinning fluid.
Journal of Fluid Mechanics, 838:573–605, 2018.
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