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P, -approximation method for infrared transmission characteristics
in nonlinear anisotropic scattering medium
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Abstract: A numerical method, used for infrared radiative transmission and spectrum characteristics in participating medi-
um with particles, was developed in this paper. Decomposition form of radiative transfer equation was deduced using spheri-
cal harmonics ( Py-Approximation) method. Arbitrary order P,-Approximation method for solving infrared transmission in
nonlinear anisotropic scattering medium was established. Based on the coupled radiation and conduction model, the calcu-
lation accuracy of high-order P -Approximation method was verified through comparison with theoretical solution. Compas-
sion shows that the arbitrary order P, -Approximation method established in this paper has a high accuracy, and it can easily
treat the nonlinear anisotropic scattering phase functions with high order. Therefore, this method is very suitable for solving
the problem of atmospheric infrared transmission. Atmospheric transmission characteristics with aerosols in the spectrum
band ranging from 2pm to 5pum were calculated, and the influence of anisotropic scattering on atmospheric infrared trans-
mission characteristics was studied. The results show that nonlinear anisotropic scattering can reduce both the atmospheric
infrared spectral radiation intensity and the direction radiation intensity in strong absorptive bands.
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Table 1 Dimensionless reflective radiative heat flux for lin-
ear anisotropic scattering by different methods
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1 0.3577 0.36160 0.35764 0.3552919 0.35883 0.357736
2 0.5154 0.51617 0.51533 0.5164068 0.51582 0.515449
3 0.6102 0.61027 0.6125566 0.61028 0.610178
4 0.6738 0.67442 0.6767364 0.67395 0.673810
5 0.7195 0.71948 0.71922 0.7226612 0.71982 0.719562
6 0.7540 0.75402 0.7571575 0.75397 0.754054
7 0.7810 0.78121 0.7840210 0.78102 0.780990
8 0.8026 0.80303 0.8055330 0.80264 0.802607
9 0.8203 0.82038 0.8231478 0.82030 0.820341
10 0.8351 0.83498 0.83537 0.8378365 0.83507 0.835151
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Table 2  Dimensionless reflective radiative heat flux for
nonliner anisotropic scattering
d, P, P,
7o Orchard Py Busbridge Py Orchard Py
1 0.4468 0.446794 0.3580 0.357933 0.3020 0.302088
2 0.6101 0.610091 0.5157 0.515742 0.4490 0.448992
3 0.6985 0.698478 0.6104 0.610366 0.5437 0.543664
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7 0.8417 0.841702 0.7810 0.781035 0.7292 0.729130
8 0.8585 0.858501 0.8026 0.802641 0.7541 0.754106
9 0.8721 0.872076 0.8204 0.820367 0.7749 0.774865
10 0.8833 0.883275 0.8352 0.835171 0.7924 0.792392
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Table 3 The influence of order N on the dimensionless re-

flective radiative heat flux for nonliner anisotropic

scattering

Py D, F1 F2 Bl

P, 0.333383 0. 103969 0.198574 0.471312
Py 0.354887 0. 139159 0.228856 0.484783
Py 0.356984 0. 144339 0.232358 0.486111
P, 0.357402 0. 145601 0.232993 0. 486380
Py 0.357744 0.146135 0.233434 0.486603
Pys 0.357899 0.146314 0.233630 0.486704
P, 0.35799%4 0. 146424 0.233751 0. 486766
Ps, 0.358042 0. 146484 0.233837 0. 486803
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Fig.2 Variation of atmospheric temperature with altitude
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