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Analysis of acoustic wave response in complex multiple domains
based on the enriched partition of unit finite element method
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Abstract: Based on the enriched partition of unity finite element method, the plane wave functions or Bessel functions
are enriched as basis functions to discretize Helmholtz equation, the response of acoustic wave in complex multiple
domains under time-independent condition is solved and the effect of basis functions on solution accuracy is analyzed.
The two-order central difference method is used to discrete time derivative of the wave equation for implicit solution and
the time step iterative method is used to solve the response of acoustic wave in complex multiple domains under
time-dependent condition. By taking the plane wave function enriched as basis function and using the two-order central
difference method to discrete time derivative, the responses of high wavenumber acoustic waves in complex multiple
domains under time-dependent and time-independent conditions are calculated. Also, the effect of iterative time interval
on calculation accuracy is analyzed. Typical examples are used to compare the calculation results with the exact solu-
tions and to verify the method in this paper having high accuracy and efficiency.

Key words: wave equation; Helmholtz equation; partition of unity finite element; enriched method; time-dependent
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Fig.2 The real part of the potential energy of acoustic wave
response(k=8mw, 0=0°)
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Fig.3 The real part of the potential energy of acoustic wave
response(k=8m, a=60°)
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Table 1 The relative errors for different wave numbers and
different incident angles (Example 1)

k al(°) e,,/%
5n 0 2.2570x10*
5n 60 4.1592x10*
8n 60 2.40%x1072
10% 90 1.89x1072
157 0 1.5956x107
157 90 1.1530x107
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Fig.4 The real part of the potential energy of acoustic wave
response(k=15x, 0=90°)
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Fig.6 The real part of the potential energy of acoustic wave
response(k=5m, 0=0°)
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Fig.5 The real part of the potential energy of acoustic wave
response(k=20m, a=0°)
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Fig.7 The real part of the potential energy of acoustic wave
response(k=5m, a=60°)
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Fig.8 The real part of the potential energy of acoustic wave
response(k=10m, a=60°)
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Fig.9 The real part of the potential energy of acoustic wave
response(k=10m, a=90°)
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Table 2 The relative errors for different wave numbers and
different incident angles (Example 2)
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Fig.10 The real part of the potential energy of acoustic wave
response (k=5n, a=0°,7=0.01 s)

12 7 BN N 3 BEAR K 51 (k=57 a=0°, T=0.01 s)
Fig.12 The real part of the potential energy of acoustic wave
response (k=5m, a=0°, 7=0.01 s)

11 P 7 34 BEAEL A S8 (=5, 0=60°, T=0.005 s)
Fig.11 The real part of the potential energy of acoustic wave
response (k=5m, a=60°, 7=0.005 s)

3 TEIEH NS AMAEREDSER THEIRE &S5 3)
Table 3 The relative errors for different wavenumbers,
different incident angles and different time steps

(Example 3)

k al(°) Ts e,,/%
5m 0 0.001 0.001 5
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Fig.13 The real part of the potential energy of acoustic wave
response (k=6m, a=60°,7=0.03 s)
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Table 4 The relative errors for different wavenumbers,
different incident angles and different time steps

(Example 4)
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5m 0 0.000 1 0.050 3
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