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Accuracy Verification for the Inhomogeneous Wave Equation
Discretized by a Finite Difference Scheme on Homogeneous Cartesian Grid
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ABSTRACT
The inhomogeneous wave equation (IWE) solver has been developed in JAXA in the framework of discretization on homogeneous

Cartesian grid, to solve acoustic propagation with local convection effects, as well as acoustic interference with solid wall, such as

reflection, diffraction, and scattering. In this study, the order of accuracy of the present IWE solver is investigated. First, the practical

accuracy in the acoustic scattering on an isolated vortex is numerically evaluated as a verification study for the acoustic propagation in

inhomogeneous flow. The resultant order of accuracy is close to 6, which coincides with the discretization error of convection terms.

In addition, the accuracy of the immersed boundary method implemented in the present solver is assessed by using a one-dimensional

wall reflection problem. The supposed accuracy of immersed boundary is second order at most, as second-order accurate schemes

are used for the Neumann boundary condition, and linear interpolation is utilized to identify the wall location. However, the attained

accuracy in the one-dimensional problem is third order. Moreover, in some specific cases, fifth-order accuracy is obtained. The

third-order accuracy is also achieved in a two-dimensional problem with wall reflection.
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Fig. 1 Instantaneous view of acoustic scattering by an
isolated vortex. Dashed lines at x = 70 and y = —70
denote monitoring locations for discretization error.
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Fig.2 Discretization error dependence on grid resolu-
tion in acoustic scattering by an isolated vortex. Stan-
dard and optimized compact schemes are compared.
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Fig. 3 A schematic view of immersed boundary on
Cartesian grid. Filled circles are ghost nodes, while
blank circles indicate the acoustic field to be solved.
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Fig. 4 Discretization error dependence on grid reso-
lution in a one-dimensional wall reflection problem for
Tw = 0.
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Fig. 5 Discretization error dependence on grid reso-
lution in a one-dimensional wall reflection problem for
T, = 0,0.25,0.5,0.75, and 1.0.
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Fig. 6 The polar diagram of rms acoustic pressure
of two-dimensional acoustic scattering on the circular
cylinder, sampled at 7 = 10D. Numerical and analyti-
cal results are compared.
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Fig. 7 Grid resolution dependence of discretization
error for acoustic scattering on the circular cylinder.
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