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Flow of non-Newtonian (non-linear) fluids occurs not only in nature, for example, mud slides and
avalanches, but also in many industrial processes involving chemicals (polymers), biological materials
(blood), food (honey, ketchup, yogurt), pharmaceutical and personal care items (shampoo, creams), etc.
In general, these fluids exhibit certain distinct features such as shear-rate dependency of the viscosity
(related to shear-thinning or shear-thickening aspects of the fluid), normal stress effects (related to
die-swell and rod-climbing), creep or relaxation (viscoelasticity), yield stress effects (viscoplasticity),
history effects (time dependent response), etc. There are many different models which can be used for
different fluids under different conditions. For excellent overall discussion of these fluids, see Barnes,
et al. [1], Larson [2], Tanner [3], Schowalter [4], Carreau, et al. [5], Macosko [6], and Bird, et al. [7];
for a more mathematical approach, see Deville and Gatski [8], Coleman, et al. [9], and Huilgol and
Phan-Thien [10]; for a computational approach, see Crochet, et al. [11] and Owen and Phillips [12]; for
a historical perspective, see Tanner and Walters [13]; and for a general introduction to measurement
techniques, etc., see Coussot [14] and Walters [15].

This special issue of Fluids is dedicated to recent advances in the mathematical and physical
modeling of non-linear fluids, with specific applications in lubrication, suspensions, viscoplastic fluids,
cement, biofluids, oil recovery, porous media, and relevant numerical issues.

Formulating and solving flows of inhomogeneous fluids presents special difficulties, especially in
the mathematical and numerical scheme. Fusi, et al. [16] consider the pressure-driven thin film flow of
fluids whose viscosity depends on the density of the fluid. They use a thermodynamical framework to
obtain the constitutive relation for the fluid, and by assuming a small aspect ratio for the channel, they
use the lubrication approximation. The non-linear equations are solved numerically and the evolutions
of the density in the fluid are plotted.

Hamedi and Westerberg [17] look at the two-dimensional flow of a Bingham fluid and its
interactions with side-by-side cylinders. They study this problem numerically using the Open Source
CFD Code OpenFOAM and discuss the influence of the gap between the cylinders on the drag
force and the shape of the unyielded regions. Their results are presented for various Reynolds and
Bingham numbers.

Rees and Bassom [18] study the free convection flow of a non-Newtonian fluid modeled as a
Bingham fluid in a vertical porous channel. The heat is supplied both at the sidewalls and through an
internal source of heat generation. Their results indicate that four different flow regimes arise: (1),
one corresponding to complete stagnation, (2) one having one stagnation region, (3) and (4) two more
regions with two stagnant regions. The authors also discuss how the locations of the yield surfaces
evolve depending on the values of the Darcy—Rayleigh and Rees-Bingham numbers.
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Pereira, et al. [19] rigorously derive the Reynolds lubrication approximation for steady flows
of incompressible non-Newtonian fluids with shear dependent viscosity. They use a perturbation
analysis and show that depending on the power-law character of the fluid, the derived equations can
either be prescribed as a higher-order correction to the Reynolds equation or a new type of Reynolds
equation for these non-linear fluids. They present the results for two flow conditions: flow in an
eccentric journal bearing and flow between a rolling rigid cylinder and a plane.

Jabbari, et al. [20] use a first-order projection method to numerically solve the unsteady flow
of (1) an incompressible Navier—Stokes fluid inside a three-dimensional lid-driven cavity, and (2) a
power-law non-Newtonian fluid, for different cavity aspect ratio, and for three different Reynolds
numbers, namely 100, 400, and 1000. They notice that as the power-law exponent 1 decreases (the fluid
being more shear-thinning) the secondary flows become less pronounced.

Seeking and obtaining exact solutions for flows of fluids under different flow conditions and
geometries is a great challenge to mathematicians and engineers. Mahabaleshwar, et al. [21] obtain
an exact solution for the flow of a fluid through a semi-infinite porous medium with a slip boundary
condition (using Navier’s approach). They present their results considering the effects of slip parameters,
the mass transpiration parameter, the Brinkman ratio, and the impact of shearing.

Ribau, et al. [22] study the Poiseuille-Couette flow of a viscoelastic fluid when the fluid is
represented by a recently proposed model, generalizing the Phan—-Thien-Tanner (PTT) constitutive
equation. The new model has one or two new fitting parameters which can be used to fit the
experimental data for a wider ranging application. The authors present their results for the velocity
profiles for various parameters, including the new parameters in the generalized PTT model.

Baranovskii, et al. [23] study the non-linear equations describing the steady non-isothermal
creeping flows of an incompressible viscous fluid and establish the existence of weak solutions. In
their formulation, they assume that viscosity and thermal conductivity coefficients depend on the
temperature; they also use mixed boundary conditions.

Farsaci, et al. [24] develop a thermodynamic model of hemoglobin; their model is based on
experimental data and the physical point of view favoring the binding of oxygen to the protein. Their
model, using non-equilibrium thermodynamics, introduces a phenomenological coefficient related to
the displacement polarization current.

Asadi, et al. [25] numerically study the rupture of a membrane located between two fluids. They
use the smoothed particle hydrodynamics (SPH) and the finite element method (FEM) to solve the
problem and consider a range of pressure difference and membrane thicknesses. For the fluid phase,
they use the Lagrangian form of the Navier-Stokes equations; these equations are coupled to the solid
phase equations which use the von Mises elastic—plastic criterion.

Rosenbaum, et al. [26] study the influence of bubbles on the shear viscosity of foamed cement;
the cement slurry is modeled as a fluid suspension and in their numerical simulations, they use
an extended version of Stokesian Dynamics along with Fast Lubrication Dynamics. Bubbles are
introduced/injected into the cement slurry to reduce the density, increase the viscosity, and improve
the properties of cement. The simulated results for the viscosity show close agreement with traditional
viscosity correlations for suspensions.

Baba, et al. [27] study the mixture flow of gases and liquids in pipelines; slug flow pattern has
been shown to be the dominant flow regime for very viscous oils which are used in chemical and
petroleum industries. They consider the impact of air and mineral oils, along with the influence of
high liquid viscosity on the slug velocity; the authors propose a new empirical correlation for the slug
velocity for highly viscous two-phase flows.

Viscoelastic surfactants such as Wormlike Micellar Solutions (WMS) have certain positive
characteristics which can be used to overcome some of the difficulties encountered in chemical
enhanced oil recovery (CEOR) techniques. Jafari Nodoushan, et al. [28] review the major approaches
and challenges encountered in using these chemical agents. They indicate that the shear-thinning
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property of WMS along with their breakage under high shear stresses can lead to a better injectivity
and trapping of oil in low-permeability zones.

The buoyancy driven flow (natural convection) of a suspension composed of rigid particles and a
fluid between two vertical walls is studied by Tao, et al. [29]. They model the suspension as a non-
linear fluid with a viscosity which depends on the shear rate and the particle concentration. To consider
the motion of the particles, they use a convection-diffusion equation and perform a parametric study
(after having non-dimensionalized the equations). They present their results for concentration, velocity,
and temperature profiles in terms of various dimensionless numbers.
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