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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

1.
WD 15, = [ PG, I w2

-1

w
FRBRAKMERRO L D IKIE 5.
t=0; 10, ) = Io(x>0),
T="7g; I(To,—1) =0 (>0 @

WITAH S HE G, &HLHAWK 90, BlAH
S HEIEER 7 () BRUTOXS KEHRENS.

1
G(o) = 2nJ' ICt, wdy,
-1

1

q(m) = ZWJ ICr, w)ndp,
-t
1

4"(® =2 IG5, wudlu ©)

0
E it HERS S HBBR Tr, 1515 GERE T)
BRRO LS KERERINS.
Tr=q*(@)/q*(0) = q*(to) /=,
Tp =10, /1 @
K D) KoLHHEEBSIESNS EX B) 05K
HE, X @ OLXLHBRRIRFEHET S ¢ &
BT 5. ' o
EARER (1) 2 < Fk & U TR, discrete
ordinate %%, Pn P B ESBOFENH 34, T
Z T Feutrier®, Barkstrom® jck DiREShic
ENTICHE > THREMICEL LT 3. 4, RO L

Hg LH L3 22508%8AT 5.

Iz, 1) = (IG5, )+, =),

HGs, ) =4 (G, 0~ IC5, =) ®

o J,HEZRWS EHMEFBRERO X S icE&R
BT ENTE B,

dH(z, 1) |
u—dr———-i-f(f. D)

= gf CPCu, u"+PCa, —u")ICT, u/du’
0
‘ ®
s d_J(‘%_;Q +H(T, 1)
1 . . R N
=%J@@m0~HA—MDH@J0@’
0
m
J H 0B HIEL THEARKES KoL cEEHE
ah3.
T=0; JQO, ) +HQ, z) = I,
T="7To; J(To, —#)‘—H(To, _ﬂ)ZO (8)



SRR HEREFVOREME~NOER — 59 —

BREH B odbire, R 6), 9 oFLHHE
BRERE, SHEBR, I, D =JC, O+H
(o, w); Ix, —p) = J(t,)—H(T, n) EUTHETE
h3. & (6), (7) % Feutrier-Barkstrom % »
T, THEICESL, HIAD »# iKY 3HES% Ga-
uss ORBARICEDINICEZ, BEBEIT 2 oL
THRERD 3. (1 FHOZEMERE LT 47=0.01,
e FHAOH Y ABEAOREKE L T, EXNIIZ10
ROBDZEFERL, —f, STEHOBEF = v 70D
IZ20RD bDERAW. FTESFEHO BAKE,
BATBERECS Lo AT & DL, BEORR
ZToT03). PlEo kSt BERTH EREKNIC
&, H & J B4 3#EL—kAER%EE5. Ek&
it 4v=0.01, N=10 , 7,=10 DL, &KX
10060 TTEV HRAE 8- TWV3B). TZTRE, <
NENYF= M) v 7 REY TRV R (6),
(M) icERbh 20085 P, £ iTid, Henyey-
Greenstein!® O HD%EH I,

P(cos@) = (1'_§z) /(1+272—2§cose)3/2‘ )
2T

PG, )= | =D /12’
0

+VT=uB/ T—pc0sg) Y 2dp (10

C T, § HMRBERO NI E R DTS % — &
T asymmetry factor® LEFhTED, —1<g<
1 pREOEE L 5. (E~1 OBAR, HHERLO®
VA, Fo-1 OBAREFRALOR BAE K
¥3) ,

ek (3) OAHBR L H 2HOTROL S
cERbEh 3.

GO =42 W), 4@ =45 W,uH,
@ = 2B W H AT (D
Tioh  HBBEBRKOE > I 5.
Ty = 35 Wonsus(H AT/, To=CI+H/Ty
| a
3. THERETALOEH

2 1 [(COdu, |1 ddn oBAEIEET
> ERREB. |

d—j WG, #)du—l—J ICr, wdu

=f‘lJ I(r I )LP(/:, #dpdp!

‘ [eE))
7:717,[ wl(z, u)du+J I(z, du
-1 -1

1 0

:%J:ga, u’)J (o, u)dudy’-

-1

s,

1 0

j+=j ICe, ida, - =j ICc, wdp

) 0 -1
ZHALROEMETT S
1 - 1
J wl(z, u)duwdj I(t, wdp,
0

0
0

0 .
j uI(r, p)dw—aj 1Ce, wydu Ao
-1

Z DiERLF, Schuster!®, Schwarzchild® iz k b
B ol bDT, FENCIBLOE—TEEER
KBl b2 EEZ o0 B, HEF a=12 &1L T
WA, LhL, 2o, I(t, s BEET v itkE
LIEWIBAIRDOAELL, EBOES, 0<asl o
[RAsD { @ B CHRBMICIIFED S, HRERAICHE
DRFNIR SRS 2 —2ThD, SHTHRET
3. CTTEBIC ) = [ P, ud, b =]
PGme@’&?étﬁ(B)ﬁ&@;émma

1
a = {j 16, 4>t

+‘j» ICe, wbCudn)
N . (15

—adl - {J ICx, ubCundu
0

0

+J ICT, 1 fCu"ydn')
-1

X o (14) oELhictlL T

1 1
j I, #’)f(ﬂ’)dﬂ’%f(d)J' ICe, uhydu,
0 . -

0
0 0
|| 16 wrrcundw~bcen [ 1cs, wrd
. L

REDEMERATE. T5EK (15) RKROLSic



— 60 —

REETXHEMNRE

F1x HE1S PR fS44 9 B

35,

a%;; +J+= -%,‘( 7'j++5'.7_)1
—a %?‘+ =g &I a8

fei2l, f=Fa), b=bla) LT3,

TR (16) it ZEAKBEIRD X S il 5.
t=0;jt =1, T=1p; j-=0 an

X (16) &R (A7) MEEHREA T TEDHRE

FULOEBRTH D, CHBITNIBE T ENTE
5. BREMUTOLS K 5.

o= c1eXD(—]z,— T) —I—czexp(——ﬂa,.r)
J =2<—]‘4;)*_;L’> clexp(% T)

’

clz—’—ch'+N'>exp(— M ro)/co (18

LAy M
Cz~7(M+N/)eXP( o

7-'o)/co

M’

¢y = M'cosh M 7o+ N’sinh T
0= Ta Kk

o= (T V(. vt

—%, BEBRRO LS I3 5.
G(® =2(j*+i7, 4 =2za(j*—j),
g*(0) = 2zaj* (19
Feh HBBE Tr SERICSEZONBTOXS i
55 ,
Tr=j*C@o /L

M
o

= M'’/(M’cosh z'o—I—N’sinh%—/— To)
= M/(Mcosh—]g P sinh%! PR

M=/ Git0,0b, N=o,+ 28

4 AL FHERRAHORER

& (20) THELD a BFHEZLATVE E, R
(20) 25K HBBRSHFONEBICHEESSEE L

CE-T, ZNIEENDE M, N(—>0d,0b) ZWE
TEHELLENTES. KARTE Mx>1 B5HET
& R (20) 8, Tr={2M/(M+N))exp(—Mx,/c)
ERPTEBZC LEFIALT, InTs—x, plot OEE
LYIE RS M, N 2RETIEIREBEERAOTH
3. &, Tg,TE b, x>>1 0T InT = A—Bx,
CRMTEELTHE, 04,00 i3 A B ERHOTR
DEHICELCTENTES. Tibb, M=aB, N
= o B(2exp(—AD—1) OEKRNBHZ0T,

0:b =2V N2—M?=2aBv (2exp(—A)—1)2—1

] @n
60 = N—y/ Ne—M7= aB{(2exp(—A)—1)
—2 exp(—A) (exp(— A —1)} 22

gotob=N
DBFEES. f>THE B LEN ABRES & 0,
ob BSEEB. 7L, 0,=0Fbb M=00
&g, CORBBREALZVOT, KRETENS 1
/T—x, plot DAWH DS 0.6 EhDBZEEREH
FhER S0,

5. RRSXCRE

5-1.  ERIHBBRCRITT a0

BRic3fiTdli~id, a OfFid, 0sasl off
BOEE LD EMWARETHS. LI L, 0o=02¢&
o=1 Q2 oDBRAKYr —ILD T, HIBE
ADEEBELTBLCEREMRDIZLETHS.
4, 0=0 OFA, BELHRSEIHAEBEERE TH I
g icEbd, TE=2E(0.%) THEALNE. —F,
ZHHEETF KD Tr 13, Th=exp(—d.x/c)
LB R-TTE M T 2BFICERNTAESiC
QERDAT L. CERDBFRICHE, WBNEE
2505, CZTHR2O20FEEZAVE C L ied
3. EPELOLDR, duxe>oo T Th 2 T DR
WIERIEB B XD I A ERETEIHETHD, 45T
BARIREFELEOHETREORYTHIEEZLD
NBdOTHB. 4y daX—>0 TR, Th~~2exp(—
0uX)/0u%0 E1LBD, COMEEEBE, In Te=
—0.%+In2/o, %) L1853, (T TR dpXe—00 T



HHMACBO 3 ZREEFTVOREHE~NOER

— 6] —

3, AEE2HIEHETELLT3). chigdlT
Tt oF, mMTi=—ax/a L135m5, InTE &
sl T a=1 %282, REF20HEE, E0d
2% Th=rexp(—t/a) x0T, [Tide= (T3
di, I:T;-zdr:j:Tf;-tdt PORDIPVETH 3.

thickd &, a=3/4 2183, Tidic r=1 0
&, B1OEH»D o ZRYEE a=2/3 HEch
5. CTOE20HEDESR, REMELOEELYD
b, B LAEEMELORBETRIFLENUEZELSC
LEFHRENE. —FH, o=1 0F4, &K @0) &,

Th=1/A+bro/20) LBE X N 3. TS, TF
i BITHIRRT 32 LR TSRV, BUERER
B% 1/T¢—1, plot $25 &, Fig. 2 0k iciz Y,

1/Te=Cro+E LENSH, chkb b/2a 2iE
FTELENTEE. SHEE €=0 0%a, b ik
a itk 1ERBZDT, chreEErThE, a=
0.6644~2/3 L71%. 1> g OEAIKIE, b ik aic
REL, -T2 hiklhT TE —%KT5 b2u
#>T o) BET2H, REME~OERAEEZX
3¢ o BEETSCEMNEE LY. Fig 2 iKii o
=23 L1 EEDHBRERBTRLTVS. a=2/
313, g-1 &L &, b/2a ZBNTEY 5B
5. PEo a bR HBERRIRITTHER,
Fig. 3~5 IGRL T3, 7 v~ FERCRTEE

10, —
L w=10 / 0|7
. - =-Q.
8 | ——exact // gJ v
______ d:2/3 / ’ g=00
; Ampra
< // // /” |
— ,/'(’, o1
4. > 6
N x| 8
L L= P P
2 1 9 =5
0 20 40 60 80 100

To

Fig. 2. Relation between inverse hemi-
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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




SHBMRICBT 2 /R T VO RNEMBE~OHER — 65 —

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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