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DISCUSSION ON PSEUDOSPECTRAL METHOD
FOR ATMOSPHERIC DIFFUSION EQUATION

& ER-.FR ERE-
Sun-Tae KIM* , Masakatsu HIRAOKA*

ABSTRACT ; Pseudospectral Method is one of the methods to solve the partial differential equations numerically.
Pseudospectral methods involve the expansion of the solution to a differential equation in high-order orthogonal
expansion, the coefficients of which are determined by a weighted-residual projection technique. The main attraction
of pseudospectral method is accuracy; however complex flow problems are typically difficult to solve. Several problems
in practical solution of pseudospectral method for atmospheric diffusion equation are considered. The accuracy
of Fourier expansion and Chebyshev expansion methods, FFT(Fast Fourier Transform) algorithm, the treatment
of boundary condition and Gibbs phenomenon etc. are discussed, and the results of pseudospectral solution are

compared with the results of analytical solution at steady state.
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Table 1 The results of numerical solution of 1-D diffusion equation.

z analyiical element dif ference E analytical speciral
0.00 .0000000000  0.0000000000  0.0000000000 0.00  0.0000000000  0.00000005
0.12 0.2960708737  0.2950658798 0.2970397472 0.04 0.0922872705 0.09229220
0.25 0.5470677018  0.5452119112 0.5488579273 0.15 0.3435217828  0.34352076
0.37 0.7147783637  0.7123488188 0.7120996714 0.31 0.6380488179 0.63805222
0.50 0.7736706734  0.7710455060 0.7707717419 0.50 0.7736701071 0.77366792
0.62 0.7147788405 0.7123606801 0.7121006846 0.68  0.6380488179 0.63805222
0.75 0.5470682979  0.5452331305 0.5450184345 0.85 0.3435217828 0.34352076
0.87 0.2960714698  0.2950848341 0.2949619293 0.96 0.0922872705 0.09229220
1.00 0.0000000000  0.0000000000 0.0000000000 1.00  0.0000000000 0.00000005
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Table 2 The accuracy of fouier spectral collocation method.

a) 1st differentiation of f(z) = sin(x). b) 1st differentiation of f(z) = exp(z).
(« z

3 ezact i ezxact (=)

0.00 00000000 1.0000005960 . 1.0000000000 - .0435180
0.39 0.9238795042 0.9238790870 0.39 1.4809726477 311.2330627441
0.79 0.7071067691 0.7071065903 0.79 2.1932799816  -184.2607421875

1.18 0.3826834261 0.3826835155 1.18 3.2481877804 127.0765075684
1.57  -0.0000000437 0.0000001377 1.57 4.8104777336 -79.0491180420
1.96 -0.3826835155 . -0.3826830685 1.96 7.1241 61. 709
1.36 -0.7071067691° -0.7071073055 2.36 10.5507240295 -19.6193237308
2.7  -0.9238796234  -0.9238792658 2.75 15.6253366470 24.1029205322
3.14  -1.0000000000 -0.9999999404 3.14 23.1406955719 35.6959228516
3.53 -0.9238795042  -0.9238792062 3.53 34.2707328796 -0.2939758301
3.93 -0.7071066499  -0.7071070671 3.93 50.7540283203 110.2615966797
4.32 -0.3826831281  -0.3826831579 4.32 75.1653442383 -15.2737426758
4.71 0.0000000119 0.0000000185 4.71 111.3177795410 244.6258392334
5.11 0.3826836050 0.3826836050 5.11 164.8586120605 -37.6771888733
5.50 0.7071070075 0.7071069479 5.50  244.1511383057 589.3893432617
5.89 0.9238795638 0.9238784313 5.89 361.5810546875  -470.6661376953

Table 3 The accuracy of chebyshev spectral collocation method.

a) 1st differentiation of f(2) = sin(x). _b) 1st differentiation of f(z) = exp().
z exact [ (=) z exact f(z)
-1.00  0.5403022766  0.5403067470 -1.00 0.3678794503 0.3678789139
-0.98  0.5563701987  0.5563693047 || -0.98  0.3750165105 0.3750163913
-0.92  0.6027290821  0.6027295589 -0.92  0.3969759941 0.3969759941
-0.83 0.6737905741  0.6737899184 -0.83  0.4354089499 0.4354081750
-0.71 0.7602446079 0.7602446079 -0.71 0.4930686951 0.4930697680
-0.56  0.8495098383  0.8496000767 -0.56  0.5737450123 0.5737447143
-0.38  0.9276659489  0.9276659489 -0.38  0.6820287704 0.6820286512
-0.20  0.9810301661  0.9810303450 -0.20  0.8227604032 0.8227601051
0.00  1.0000000000 0.9999991059 0.00  1.0000000000 0.9999984503
0.20 0.9810301661  0.9810301065 0.20  1.2154207230 1.2154214382
0.38 0.9276659489  0.9276661277 0.38  1.4662139416 1.4662148952
0.56  0.8495997787  0.8495991826 0.56  1.7429348230 1.7429311275
0.7 0.7602446079  0.7602440119 0.71 2.0281150341 2.0281152725
0.83 0.6737905145  0.6737904549 083  2.2966916561 2.2966909409
0.92 0.6027289628  0.6027221680 0.92  2.5190443993 2.5190219879
0.98  0.5563701987  0.5563793182 0.98 2.6665494442 2.6665725708
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