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A lattice Boltzmann method for non-Newtonian fluid flows is proposed. In this method,

additional terms based on local shear rate is introduced into the equilibrium distribution

function for an incompressible viscous fluid. Channel flows between parallel plates are

calculated for shear-thickening and shear-thinning fluids to measure the velocity profiles.

The calculated results are in good agreement with theory. Also, the present method is

found to be more stable and accurate than other LBM models with variable relaxation

time dependent on the local shear rate. In addition, the present method is applied to flows

through a two-dimensional porous structure to obtain flow characteristics at a pore scale.

The relation between pressure drops and fluid flux (i.e. superficial velocity) is investigated

and found to be in accordance with Darcy’s law for non-Newtonian fluids.
Key Words: Lattice Boltzmann Method (LBM), Lattice Kinetic Scheme (LKS), Non-

Newtonian Fluids, Carreau Model, Power-Law Model, Porous Structure, Darcy’s Law
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Fig.1 Normalized velocity profiles of channel flow between
parallel plates for different power indices. The solid lines

represent exact solution.
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incline of 2.
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Fig.4 Calculated velocity vectors of flows through porous
structure: (a) non-Newtonian shear-thinning fluid for n =
0.75; (b) Newtonian fluid for n = 1. Note that the length of
vectors is normalized so that the superficial velocity has the

same length in both cases.
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Fig. 5 Relation between pressure drops and fluid flux (i.e.
superficial velocity) for flows through porous structure: ®,
non-Newtonian shear-thinning fluid (n = 0.75); O, Newto-

nian fluid (n =1).
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