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In this study, a new upwind scheme has been used to solve the continuous Boltzmann
equation and to develop its application in the effective solution of incompressible flows. Time
derivative in the Boltzmann equation has been discretized using the first-order forward finite
difference scheme. The spatial derivatives in the Boltzmann equation have been discretized
using this new scheme. Further, the combined effects of the upwind differential mechanism
along with the finite difference method are presented to enhancement the stability of the
standard lattice Boltzmann method in solving problems with high Reynolds numbers. To
confirm the validation of the proposed method, one unsteady problem, this has an analytical
solution, and two incompressible steady problems which have not analytical solutions, have
been solved numerically. The first benchmark problem is the conductive heat transfer on a
slab and two last problems are flow over a flat plate and flow in a lid-driven cavity. In order
to check the numerical accuracy and stability of the proposed method, the results have been
compared with the standard lattice Boltzmann method and the finite difference lattice
Boltzmann method. The proposed method guarantees that without applying the filtering
method, more stable and accurate results are obtained compared with the finite difference
lattice Boltzmann method. The simulation results show the effectiveness of the present
method and its appropriate compatibility with analytical solutions and other numerical
methods.

Keywords Incompressible Flow, Standard Lattice Boltzmann Method, Finite Difference
Lattice Boltzmann Method, Numerical Stability, Upwind Scheme.
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