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Extended Abstract

Radial immiscible flows that involve the displacements of shear thickening (dilatant) fluids by Newtonian fluids in
homogeneous porous media are investigated. Such displacements are prone to the well-known Saffman-Taylor instability as
a result of the viscosity mismatch between the two fluids. The instabilities are encountered in a wide range of applications
that include enhanced oil recovery, CO2 sequestration, soil remediation and polymer processing [1-3]. With the exception
of very few studies, most existing research has focused on Newtonian displacements. The objectives of the present study are
to analyse and understand the flow dynamics of displacements involving shear-thickening fluids and to attempt to correlate
the instability characteristics to the rheological properties of the fluids.

The governing equations consisting of the continuity equations for mass conservation and a modified Darcy’s law for
momentum transport are solved in conjunction of the Carreau equation to model the rheological behaviour of the non-
Newtonian phase. Furthermore and unlike relevant previous studies [4, 5], the shear rate is determined more accurately using
the second invariant of the rate of strain tensor. The Immersed Interface Method and the Level Set Method are used to track
the interface using appropriate jump conditions [6, 7]. Four dimensionless groups fully characterize these non-Newtonian
displacement and consist of the mobility ratio (M), Capillary number (Ca), Deborah number (De) and power-law index (n).

The displacements are first examined in the case on Newtonian flows to identify the effects of the viscosity ratio (M)
and surface tension (Ca). These results are also used to ensure the accuracy and convergence of the numerical code and to
compare with some existing experimental results. This is followed by a systematic analysis of the effects of the two
parameters that characterize the shear-thickening behaviour of the dilatant fluids. The results are presented in terms of a
qualitative characterization through time sequences of interfacial contours where the number of fingers and the mechanisms
of their development such as tip-splitting, shielding and side-branching are identified. This is followed by a systematic
quantitative analysis based on Fourier’s spectra of the interface as well as other quantitative characteristics such as the fingers
area density. Both rheological characteristics of the dilatant fluid; De and n were found to strongly modify the instability and
finger structures, leading to secondary instabilities and growth dynamics not observed in the purely Newtonian displacement.
However for any set of parameters considered, it is found that the effects of the two rheological parameters are not monotonic
resulting in special values where the interface is the most unstable. These non-monotonic trends are discussed and related
to the local distribution of the flow at the interface.
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