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Abstract

This paper proposes a high-accuracy numerical method for the three-dimensional wave equation
based on polynomial particular solutions, and investigates the numerical simulation of the three-
dimensional wave equation under different propagation velocities. The method employs polynomial
particular solutions of various orders that satisfy the wave equation as basis functions to numeri-
cally simulate the wave equation. Numerical examples with different propagation velocities are se-
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lected for solution and comparison with the traditional finite difference method (FDM). The results
show that this algorithm has higher accuracy and easier implementation than the traditional FDM.
The rule that the calculation errors of both algorithms increase with the decrease of wave velocity
(corresponding to the shortening of physical wavelength) is strictly consistent with the wave theory,
which verifies the physical correctness of the model. This work provides an efficient and high-pre-
cision numerical tool for applications in seismic exploration, medical ultrasound, and general engi-
neering wave propagation problems.
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Figure 1. Distribution of collocation points in regular and irregular 3d computational domains
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Table 1. RMSEs of example in regular space domain with different a
F* 1 ANz E XA HFERERE a (EA THHHEIRRE

a 1078 1072 101 100
2 1.13e+01 1.13e+00 1.13e01 1.14e-02
4 6.23e+00 6.23e—01 6.31e—02 3.33e—03
6 3.94e+00 3.94e-01 3.98e-02 8.74e—04
8 1.01e—08 7.88e—12 2.64e-14 4.68e—13
10 2.48e—07 3.21e-10 5.3%e-13 8.77e—13
12 2.07e—06 6.93e—09 3.26e-12 3.97e-12
14 2.20e—05 4.25e—06 2.88e—-10 5.92e-12
16 4.11e-05 6.30e—06 1.54e—07 6.98e—12
18 1.99e-05 2.03e—-06 1.19e—08 6.57e—12
20 7.98e—05 3.52e-06 3.62e—-07 6.74e—12
Table 2. RMSEs of example in irregular space domain with different a
= 2. EEMN =B XIBAFRERE a (EA TR EIRIRE
a 1073 1072 101 100
2 1.81e+01 1.81e+00 1.81e-01 1.79e-02
4 4.13e+00 4.13e-01 4.17e-02 4.22e-03
6 3.00e-01 3.00e-02 4.75e-03 3.01e-04
8 7.71e-14 1.18e-14 1.29e-15 4.63e-13
10 1.60e-13 1.90e-14 1.42e-15 3.42e-13
12 1.17e-10 4.40e-13 3.52e-15 1.05e-12
14 2.50e—09 5.41e-12 2.10e-14 3.66e-13
16 4.78e—08 2.20e-11 1.71e-13 3.53e-13
18 1.83e—-07 1.45e—08 6.96e—13 4.22e-13
20 5.46e—07 1.92e-08 7.28e-12 3.59e-13
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Figure 2. Condition number vs. order of polynomial particular solution basis functions
[ 2. FEFE S 2B % TR 4 AR eR U0 B A 2 (L R 2k B
DOI: 10.12677/app.2026.163012 126 N e


https://doi.org/10.12677/app.2026.163012

RBENR, XS I

TR RR I, R FH 2 T AR AR 15 281 1) 50 A 0 ) 25 1] DX Sl 60 =00 D =2 i) DX 33 R i ) 2 A 3
EREGEE, BEAE 2 2 TR B B30, TE R ZE IR, BUE AR BSR4k iy
2 AFHRIINY, PEIRERA R, WA, HEFRRES—ERE, FTHRE AN HRE
KT (s+1)(s+2)(s+3)(s+4)/24 , Forh s 52 2 WUURR AR IE BR BB, AR R BOE R I B 2 LT 280,
SR T BUE RS B

AR SO IS A BR 2 50 B UL = 4R S T R R A, KSR R o 7 R AL N B U 2 0y T R
TR N ) A 1 3 A SR AR A 1) 4% A DM . SR W oot 22 43 4% 2 (23 1) 7 1z 3 4 20 4t — e
O ZE 5T BSHEL, IR )R Bt ()25 A% 1), A% KN BEE 9 Nxx Ny x Nz = 20x20x 20 (5[] X 389
[0.A]"), XL X, y,z 77 i B % 5 1 dx = dy = dz =1/(20~1) ~ 0.0526 , I [FJ 25K dt =0.001, Jzi KL 4810 1]
T=05, Wik c 5HNRASE a —8(a BUE 2% 1. 0.1, 0.01. 0.001), HitHidFEr ™RIGIE CFL %
PRfR CFL %t < 1, R FFae EER). tHRA T RIR EL R WL 3 R, THHEE 5% 2=/
H HE S R St e a3 Fiow, o i %3k 3 — 4E S5 E 1 B a0 4 FoR .

Table 3. RMSEs of example 3 in irregular space domain with different a
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Figure 3. Degrees of freedom, computational time and error convergence plot
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Figure 4. 3D Isosurface plot of wavefield at t = 0.3, t = 0.4 time instant
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