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TO BOUNDARY ELEMENT SOUND FIELD ANALYSIS:

Numerical analysis of large-scale sound fields using iterative solvers PartI
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Tterative solvers are widely used for solving large systems of linear equations, and applied to the systems obtained with the acoustical FEM and BEM. In the present
paper, the convergence behavior of the Krylov subspace iterative solvers towards the systems with the 3-D acoustical fast multipole BEM, an efficient BEM based on
the fast multipole algorithm, is investigated through numerical experiments. The convergence behavior of solvers is much affected by the formulation of the BEM
(basic form (BF), normal derivative form (NDF) and Burton-Miller formulation), the complexity of the shape of the problem, and the sound absorption property of
the boundaries. In BiCG-like solvers, GPBiCG and BiCGStab2 converge more stable than others, and these solvers are useful when solving interior problems using
BF. When solving exterior problems with greatly complex shape using Burton-Miller formulation, all solvers hardly converge without preconditioning, whereas the
convergence behavior is much improved with ILU-type preconditioning, In these cases GMRes is the fastest, whereas CGS is one of the good choices, when taken
into account the difficulty of determining the timing of restart for GMRes. As for calculation for thin objects using NDF, much more rapid convergence is observed

than ordinary interior/exterior problems, especially using BiCG-like solvers.
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Fig. 1: Analysis models: a cube (I-S) and an auditorium (I-C) are interior problems, and a

vibrating cube (E-S) and a diffuser (E-C) are exterior problems.

Table 1: Difference in calculation results for Problem I-S, between using the mode summation

method and using the FMBEM with unpreconditioned iterative solvers.
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Fig. 2: Effect of kinds of iterative solver on the residual of iteration for Problem E-S
at 4,000 Hz, using FMBEM in BF, NDF and BM. DOF is 98,304.
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Fig. 3: Effect of kinds of iterative solver on the residual of iteration for Problem
E-C at 1,000 Hz, using FMBEM in BF and BM. DOF is 24,616.
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Fig. 4: Effect of shapes and boundary conditions on the residual of iteration,
using FMBEM in BF with unpreconditioned GPBiCG. DOF are 24,576 (cube)
and 24,514 (hall). a is the absorption coefficient on the surfaces.
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Fig. 5: Effect of absorption coefficients o on the residual of iteration
for Problem I-C at 63 Hz, using FMBEM in BF with unpreconditioned
BiCGStab. DOF is 6,110.
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Fig. 8: An engine model (Problem E-C2): (a) relative vibration
velocity level distribution, and (b) relative SPL distribution at
1,977 Hz, calculated using FMBEM based on Burton-Miller
formulation (BM). DOF is 42,152.

Problem E-S at 2,000 Hz, using FMBEM in BF, NDF and BM. DOF is 24,576.
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Fig. 7: Effect of diagonal preconditioning on the residual of iteration for Problem

E-C at 1,000 Hz, using FMBEM in BF and BM. DOF is 24,616.
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Fig. 9: Analysis models: (a) a plane rigid panel (Et-S), and (b) a
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and the condition of incidence from a point source is the same as
the problem E-C. DOF is 45,620 for both models.
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BM. [ =100, and DOF is 42,152.
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Fig. 11: Effect of the number of fill-in elements p for ILUT(p) on the residual of

iteration for Problem E-C2 at 3,000 Hz, using FMBEM in BM. DOF is 42,152.
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Fig. 13: Effect of the number of fill-in elements p for ILUT(p) on the residual of
iteration for Problem Et-$ at 2,000 Hz, using FMBEM in NDF. DOF is 45,620.
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Fig. 14: Effect of the number of fill-in elements p for ILUT(p) on the residual of
iteration for Problem Et-C at 2,000 Hz, using FMBEM in NDF. DOF is 45,620.
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