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12 Chapter 2. The cumulant LBM

2.1 Introduction

Noise reduction is an important part of engineering design in transportation indus-
tries such as aircraft, high speed trains, automobiles, and so on. In general, noise
limits engine operation, disturbs passengers and operators, and pollutes the envi-
ronment. As a result, the understanding and controlling of noise is fundamental.

A typical case of aerodynamic noise is the Aeolian tone, named after the god
of winds Aeolus in the Hellenic mythology. The first observations of Aeolian tones
(78-80) were made in sound generated from bluff bodies like cylinders immersed in
a flow (81, 82). Researchers believe that the hydrodynamic instability of the wake
behind a cylinder after a specific critical Reynolds number, results in sound with
strong tonal components based on the vortex shedding frequency. Strouhal’s studies
on the existence of these vortex shedding tones (83) lead to the non-dimensional
Strouhal number, which is the relation between the frequency of the vortex shedding
tone, the characteristic length, and the free stream velocity.

Hardin et al. (84) calculated the sound generated by an incompressible and time
dependent flow over a cylinder at low Reynolds numbers. Cox et al. (85) studied the
tonal noise generated from a circular cylinder for a wide range of Reynolds numbers,
and compared with experimental studies. In addition, Inoue et al. (86) simulated the
sound generated by two squares at a Mach number equal of 0.2 using direct solution
of the 2D unsteady compressible Navier-Stokes equations. Tam (87) and Wells et al.
(20) studied different popular numerical schemes in the the field of computational
aeroacoustics (CAA). They presented compact and non-compact optimized schemes
which are mostly based on linear wave propagation, such as the high-order compact
difference schemes (21, 88) and the dispersion-relation-preserving (DRP) scheme
(22). Among these methods, the DRP scheme is the most simple thanks to the use
of symmetric finite differences on uniform Cartesian grids. To simulate curvilinear
problems in aeroacoustics, grid-optimized dispersion-relation-preserving (GODRP)
schemes were developed (23). However, the prediction of aerodynamic noise is bur-
densome because of the huge cost of CAA simulations, which resulted in developing
hybrid methods. Hybrid methods use two sets of equations, one for the flow and an-

other one for the acoustic disturbance field.
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