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Application of Two-Flux Model to the Determination
of Absorption and Backscattering Coefficients of
Turbid Media for Thermal Radiation

Koichi KAMIUTO, Izumi KINOSHITA
and Shu HASEGAWA

In this study two-flux model for radiative transfer is examined in some details, espe-

cially, concerned with the determination of absorption and backscattering coefficients of

turbid media. A ratio of the first moment of radiative intensity to the zeroth one ap-

peared in the two-flux model is determined through analytical considerations for two lim-

iting cases, i.e., ®=0 and o=1 and is fixed for 1.0 to low albedos (#<0.7) and 2/3 to

high albedos (0>0.7).

Some directional transmittances. are compared with the hemi-

spherical one (Tp) and it is found that I(ry,40)/1I, is the best approximation to Ty. Fur-

thermore inversions for the exact transmittance data are done and it is shown that in

case of I(7,,40)/I, absorption and backscattering coefficients can be determined within a

factor of 0.5 to 2 and one of 1 to 150, respectively.
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Fig. 1. Physical model and coordinate
system
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Fig. 2. Relation between inverse hemi-
spherical transmittance and optical
thickness .
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Fig. 3. Effect of ¢ on hemispherical
transmittance (g=—0.7)
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Fig. 6. Comparison of directional trans-
mittance with hemispherical one
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Table 1. Results of inversion for hemispherical and directional transmittances
(é: —0. 7: 6a+as =1 O)

0a ogb
o b w EXACT Tp T, (40} [ T (45) | EXACT o T, (401 T, (45
0.1 0.9 0.1210 0.4134 - 0.1735 4.4484 | 1.3106 -
2/3 1.7350 | 0-5 0.5 0.1444 0.2910 | 0.2182 0.8679 3.2092 | 1.6287 2.5308 -
0.7 0.3 0:1571 0.2416 | 0.1753- | 1.2151 2.3248 | 1.4920 2.2787
[ 0.9 0.1 0.1036 0.1273. | 0.1066 1.5623 1.6956 | 1.3577 1.6753
0.1 0.9 ~ | 0.1361 0.4650 | =~ 0.1766 5.0045 | 1.4745 -~
0.5 0.5 0.1625 0.3274 | 0.2455 0.8834 3.6103 | 1.8323 2.8471
3/4 1.7669 .
0.7 0.3 0.1768 0.2718 | 0,1973 1.2368 2.6153 | 1.6786 2.5635
0.9 0.1 0.1165 0.1433 | 0.1200 1.5902 1.9076 | 1.5274 1.8847
0.1 0.9 0.1815 0.6201 - 0,1829 6.6727 | 1.9660 Co-
. 0.5 0.5 0,2167 0.4365 | 0.3273 0,9149 4,8137 | 2.4430 3.7962
1.0 1.8298
0.7 0.3 0.2357 0,3624 | 0,2630 1.2809 3.4871 | 2.2381 3.4180
0.9 0.1 0.1554 0,1910 ( 0,1600 1,6468 | 2,5435 | 2,0366 2.5130
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Table 2. Results of inversion for hemispherical and directional transmittances

(€=0, o,+0,=1.0)

da USE
a b w EXACT Tp TD(40') TD(4S°) EXACT To T, (40) | T (45)
0.1 0.9 0.1303 | 0.5070 0.3487 0.1 4.0282 0.8696 | 1.8632
0.5 0.5 0.1968 | 0.3479 0.2214 0.5 1.9737 0.9859 | 1.9014
2/3 1.0 1 6.7 0.3 0.2112 | 0.3086 | 0.2168 0.7 | 1.2495 | 0.7230 |1.2566
0.9 0.1 0.1143 | 0.1390 0.1195 0.9 0.9615 0.7512 | 0.9159
0.1 0.9 0.1465 | 0.5703 0.3923 0.1 4.5317 0.9783 | 2.0960.
0.5 0.5 0.2214 | 0.3914 0.2491 0.5 2.2204 1.1092 | 2.1390
3/4 1.0
: 0.7 0.3 0.2376 | 0.3472 0.2439 0.7 1.4056 0.8133 | 1.4137
0.9 0.1 0.1286 | 0.1564 0.1345 0.9 1.0817 0.8451 | 1.0304
0.1 0.9 0.1954 | 0.7605 0.5230 0.1 6.0423 1.3044 | 2.7947
0.5 0.5 0.2952 | 0.5218 0.3321 0.5 2.9605 1.4789 | 2.8521
1.0 1.0
0.7 0.3 0.3168 | 0.4630 0.3252 0.7 1.8742 1.0845 | 1.8850
0.9 0.1 0.1715 | 0.2085 0.1793 0.9 1.4422 1.1269 | 1.3739
Table 3. Results of inversion for hemispherical and directional transmittances
(g=0.7, g,+0s=1.0)
oa osb
a b w EXACT To T (4 0y Tp 45) | EXACT To T (40) Ty (4 5)
0.1275 0.3092 | 0.2698 0.0263 3.7546 1.6311 | 2.2442
2/3 0.2638 0.1573 0.2503 | 0.1736 0.1319 1.4617 0.8261 1.4195‘
0.1542 0.1854 | 0.1277 0.1847 0.7709 0.5666 | 0.9542
0.0979 0.1467 | 0.1105 0.2374 0.3436 0.1512 | 0.2882
. 0.1435 0.3479 | 0.3036 0:0232 4,2239 1.8350 | 2.5247
. 0.1769 0.2816 | 0.1953 0.1164 1.6444 0.9294 | 1.5970
3/4 |0.2329
0. 0.1735 0.2086 | 0.1437 0.1630 0.8673 0.6375 | 1.0735
0. 0.1101 0.1650 | 0.1243. | 0.2096 0.3865 0.1701 | 0.3242
.1 0.1913 0.4639 | 0.4048 0.01683 | 5.6319 2.4467 | 3.3663
1.0 0.1682 .5 0.2359 0.3755 | 0.2604 0.08414 | 2.1926 1.2394 | 2.1293
7 0.2313 0.2782 | 0.1916 0.1178 1.1564 0.8500 | 1.4313
.0.1468 0.2201 | 0.1657 0.1514 0.5154 0.2269 | 0.4323

Table 4. Values of ;b obtained by inversion for hemispherical transmittance at o = 1.0

(6s=1.0)
a=1//3 a=2/3 a=1.0
6 EXACT RECOVERED| EXACT | RECOVERED] EXACT RECOVERED
-0.7 1.6956 1.4803 1.7359 1.7094 1.8298 2.5641
0 1.0 0.8689 1.0 1.0033 1.0 1.5050
0.7 0.3049 0.2647 0.2638 0.3057 0.1682 0.4585
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