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We use a two-dimensional Lattice Boltzmann (LB) model to investigate the liquid-vapour phase separation
in a van der Waals fluid. The model is based on the expansion of the distribution function up to the
third order in terms of Hermite polynomials [1] . According to the Chapman-Enskog expansion, the
third order expansion is required to ensure the necessary moments of the distribution function in order
to retrieve the Navier-Stokes (mass and momentum) equations in an isothermal system when using the
Bhatnagar-Gross-Krook collision operator [2, 3]. In two dimensions, the third order LB model based on
the Gauss-Hermite quadrature is an off-lattice one and has 16 velocities. In our contribution, we discuss
the numerical scheme used to evolve the corresponding distribution functions in the lattice nodes, as
well as the implementation of this model on a nVIDIA Tesla M2090 Graphics Processing Unit (GPU).
The resulted code, developed using the CUDA platform, allows one to follow the liquid-vapour phase
separation on large lattices (up to 4096 × 4096 nodes).

To capture the behaviour of the liquid-vapour system, special attention should be paid to the body-force
term that ensures the phase separation in the Lattice Boltzmann evolution equations. Here we considered
the force term obtained by taking the derivative of the distribution function f with respect to the velocity
vector and retaining the series expansion up to third order [1, 4]. This greatly improves the accuracy of
the liquid-vapour phase diagram retrieved during computer simulations.

Acknowledgements: This work was supported by a grant of the Romanian National Authority for
Scientific Research, CNCS-UEFISCDI, project number PN-II-ID-PCE-2011-3-0516.

References

[1] Shan X., Yuan X., Chen H. – Kinetic theory representation of hydrodynamics: a way beyond the Navier-
Stokes equation – J. Fluid Mechanics, 550, pp. 413-441, 2006.

[2] Ambrus, V. E., Sofonea V. – High-order thermal lattice Boltzmann models derived by means of Gauss
quadrature in the spherical coordinate system – Physical Review E, 86, 016708, 2012.

[3] Piaud B., Blanco S., Fournier R., Ambrus, V. E., Sofonea V. – Gauss quadrature – the keystone of
Lattice Boltzmann models – International Journal of Modern Physics C, 25, 1340016, 2014.

[4] Martys N. S., Shan X., Chen h. – Evaluation of the external force term in the discrete Boltzmann equation
– Physical Review E, 58, pp. 6855-6857 (1998).
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