
A coupled direct-hybrid CFD-CAA method based on lattice
Boltzmann and acoustic perturbation equations

M. Gondrum1,∗, M. Meinke1,2, and W. Schröder1,2
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ABSTRACT

A novel hybrid computational fluid dynamics (CFD) - computational aeroacoustics (CAA) method
is proposed and applied for the prediction of aeroacoustic sound. It couples a lattice Boltzmann
(LB) method for the prediction of the turbulent flow field to a solution of the acoustic perturbation
equations (APE) [1] for the acoustic wave generation and propagation. The two solution methods
are concurrently executed, i.e., the noise generating source terms are determined by the flow field
solution and are directly transferred to the CAA solver. An efficient in-memory data exchange
is enabled by the integration of both solvers into the same computational framework, where both
methods share a joint hierarchical Cartesian grid. This approach allows an independent grid re-
finement for each solver and the application of dynamic load balancing strategies similar to the
approach presented in [2]. To accurately predict high Reynolds number flow a collision step based
on cumulants [3] is used in the LB solver. To solve the acoustic field a discontinuous Galerkin
method is applied. Solid walls are represented by a penalization type boundary condition. The
accuracy of the presented coupling approach is validated by comparing results for a turbulent low
Mach number free jet to solutions of a reference method [4]. To demonstrate the applicability of the
presented CFD-CAA method to technical problems, the flow and the acoustic field of a LAGOON-
like two-wheel nose landing-gear configuration is predicted. The flow field with a Mach number
Ma = 0.1 and a Reynolds number ReD = 340, 000 based on the wheel diameter D is determined by
a turbulence scale resolving large-eddy simulation. The results for the flow and acoustic field will
be compared to experimental data, which are obtained in the acoustic wind tunnel of TU Delft.
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