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Differential spectral approximation based on a dimensionality reduction for
the fourth-order parabolic problem

WANG Junlin, HU Xiaoping, AN Jing "
(School of Mathematical Science, Guizhou Normal University, Guiyang 550025, Guizhou, China)

Abstract: This paper presents a differential spectral approximation for a fourth-order parabolic problem on a spherical domain based
on a dimension reduction scheme. The fourth-order parabolic problem is transformed into an equivalent form in the spherical coordi-
nates. By utilizing the properties of the Laplace—Beltrami operator and the orthogonality of the spherical harmonic functions, the
problem is further decomposed into a series of decoupled one-dimensional fourth-order parabolic problems. Based on each one-
dimensional fourth-order parabolic problem, its fully discrete scheme is established, and its stability and error estimation of the
approximate solution are proved. Some numerical examples are given. The numerical results are shown that the differential spectral
approximation algorithm is stable and convergent.
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Table 1 When 7=0.001 and t=1, the error between the exact solution and the approximate solution for example 1

N L=4 L=6 L=38 L=10 L=12

10 0.001 053 200 0 0.002 404 600 0 0.032 402 000 0 0.107 030 000 O 0.121 920 000 0
15 0.000 989 970 0 0.000 009 155 8 0.000 005 997 0 0.000 124 640 0 0.002 939 100 0
20 0.000 988 790 0 0.000 009 275 8 0.000 005 999 4 0.000 005 999 4 0.000 005 999 4
25 0.001 000 700 0 0.000 009 193 3 0.000 006 000 2 0.000 006 000 2 0.000 006 000 2
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Table 2 When 7=0.001 and =2, the error between the exact solution and the approximate solution for example 1
N L=4 L=6 L=38 L=10 L=12
10 0.002 862 900 0 0.006 536 400 0 0.088 078 000 0 0.290 940 000 0 0.331 400 000 0
15 0.002 691 000 0 0.000 024 888 0 0.000 016 3020 0.000 338 8100 0.007 989 200 0
20 0.002 687 800 0 0.000 025 214 0 0.000 016 308 0 0.000 016 308 0 0.000 016 308 0
25 0.002 720 300 0 0.000 024 990 0 0.000 016 3100 0.000 016 3100 0.000 016 3100
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When N=20 and L=8, the exact solution u(x,,,,) and the approximate solution u},
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Fig.3 When N=20 and L=8, the exact solution u(x,7,,,) and the approximate solution u;.
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Fig.2 Error images between the exact solution u(x,t,y,) and the approximate solution u,% (x)
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Fig.4 Error images between the exact solution u(x,7,,,) and the approximate solution u;%" (x) under different conditions for example 1
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Table 3 When 7=0.001 and #=1, the error between the exact solution and the approximate solution for example 2

AR, 2208

T

N L=2 L=4 L=6 L=8 L=10
10 0.091 664 300 0 0.004 657 300 0 0.013 152 000 0 0.026 223 000 0 0.023 520 000 0
15 0.091 764 600 0 0.004 420 800 0 0.000 1919100 0.000 1249400 0.001 151 700 0
20 0.091 716 400 0 0.004 374 700 0 0.000 196 1400 0.000 005 519 5 0.000 001 1929
25 0.091 674 500 0 0.004 399 300 0 0.000 197 080 0 0.000 005 420 2 0.000 001 1929
1.0
3 E 05 A
& : AN
: e IO
g Y i
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Fig.5 When N=20 and L=8, the exact solution u(x,t,,,) and the approximate solution u,%" (x) for example 2
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Fig.6  Error image between the exact solution u(x,t,,,) and the approximate solution u
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Table 4 When 7=0.001 and =2, the error between the exact solution and the approximate solution for example 2

N L=2 L=4 L=6 L=8 L=10
10 0.077 88750000 0.004 03450000  0.01351300000  0.02647700000  0.024 088 000 00
15 0.078 06980000  0.003 62620000  0.000 16082000  0.000 10272000  0.001 031 800 00
20 0.078 06220000  0.003583 50000  0.000 15763000  0.000 00467250  0.000 001 266 89
25 0.078 04710000 0.00361548000  0.000 15885300  0.00000459343  0.000 001 267 13
1.0
< 05
< \N \ = A \
T 0 l\\‘\\‘ |\\“““
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10o10 T x T iotio 0

(a) H 0 it (b) @A
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Fig.7 When N=20 and L=8, the exact solution u(x,t,,,) and the approximate solution ;" (x) for example 2
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Fig.8 Error images between the exact solution u(x,z,,,) and the approximate solution ;5 (x) under
different conditions for example 2
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