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In this contribution, the impact of the interpolated boundary conditions and emerging collision kernels
on the accuracy of the Lattice Boltzmann Method for the advection-diffusion equation is investigated.
The primary motivation for this study is to simulate thermal flows in a high Prandtl number regime
with an accurate representation of the boundary. Such flows are frequently encountered in industrial
applications (e.g. oil).
To reduce the computational overhead, a D3Q7 lattice is commonly used for the thermal field.
Unfortunately, a high Prandtl number corresponds to low values of numerical conductivity, which
leads to numerical artefacts known as wiggles. A natural remedy is to apply a lattice with a larger
number of discrete velocities like D3Q27. However, additional discrete velocities introduce more
degrees of freedom related to the relaxation of higher order quantities. During the last decades, a
variety of collision operators have been proposed. The reader interested in detailed discussion is
referred to the recent comparative works [1, 2] and regular textbooks [3, 4]. Generally, most of the
effort is made in order to satisfy the mutual independence separate of the observable quantities (such
as density, momentum, stress tensor components, etc.) by separating their relaxation frequencies.
For the first time, the cumulants [5], which are referred to as statistically independent quantities, are
utilized to simulate both the hydrodynamic and advected field. Alternatively, the advected field is
simulated with the central moments’ collision operator, using the transformation proposed by Fei et al.
[6]. In the latter case, we present the beneficial effect of the relaxation of high-order moments [7].
The obtained results show clearly that an assumption that only the first-order quantities contribute to
solving the macroscopic equation is not sufficient. Current study demonstrates that the relaxation
scheme must be adjusted to profit from lattice with a larger number of discrete velocities, like D3Q27.
To illustrate the accuracy of the proposed collision kernels, a mesh dependence study of steady forced
convection from a confined cylinder, modelled with interpolated boundary conditions, is performed for
different values of Prandtl  number and compared against a high-quality FEM solution.
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