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Study on Narrow Band Solution of the Radiative Transfer
within a Cubical Enclosure by Nongray Gas Mixtures
with Nonuniform Concentration Profiles
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Key Words: Radiation(ZA}), Nongray gas(H]3]47}2), Ray-tracing method(5A 521 3), Narrow
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Abstract

Radiative transfer by nongray gas mixfures with nonuniform concentration and temperature profiles were
studied by using the statistical narrow-band model and ray-tracing method with the sufficiently accurate
Ty quadrature set. Transmittances through the nonhomogeneous gas mixtures were calculated by using

the Curtis-Godson approximation.

Three different cases with different temperature and concentration

profiles were considered to obtain benchmark solutions for nongray gas mixtures with nonuniform
concentration and temperature profiles. The solutions obtained from this study were verified and found
to be very well matched with the previous solutions for uniform gas mixtures. The results presented
in this paper can be used in developing various solution methods for radiative transfer by nongray gas

mixtures.
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Fig. 1 Schematic diagram of radiative intensity
along a path.
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Fig. 3 Profiles of concentration and temperature
along the z axis.
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Table 1 Top and bottom wall heat flux distributions.

. | bottom wall heat flux top wall heat flux
% | present Refl13] present Ref[13]
0.0019.37509E-01{0.37500E-01 1. 48265E-011.48269E-0
0.05]9.37509E-01]9.37509E~- 55611E-01]1.55615E-0
0.10]9.37509E-01[9.37509E-011.63750E-011.63754E-0
0.1519.37509E-0119.37509E - JO7T7E-01{1.70781E~-0Q
10.2019.37509E-0119.37509E - (1227E-01]1.77232E-01
0.25]9.37509E-0119.37509E - .83201E-01|1.83206E-0
0.3019.37509E-0119.37509E - B7T133E-0111.87738E-0
0.35]9.37509E-0119.37509E-01[1.9 E-01]1.91483E
0.4019.37509E-01]9.37509E-01{1.9 E-0111.94428E -
0.45]9.37509E-01]9.37509E-01{1.96096E-0111.96101E-0
0.50[9.37509E-01]9.37509E-0111.96509E-01{1.96514E -
05519 37500E-01]9.37509E-0111.96096E-0L[1.96101E-0
6019.37509E-01[9.37509E-01]1.94508E-01 [1.94024E-0
519.37509E-01[9.37509E-01{1.91484E-01 [1.91488E-0
7019.37509E-01(9.37509E - 87733E-01]1.87738E-0
75 19.37509E-0119.37509E-01[1.83201E~01]1.83206E-0
019.37509E-01]9.37509E-01]1.77227E-0111.77232E
519.37509E-0119.37509E-01 | 1. E-01[1.70781E-0
0.90[9.37509E-01]9.37509E-011.63750E-01{1.63577E-0
0,95(9.37509E-01]9.37509E-01}1.55611E-01]1.55615E-0
1 .37509E-01]9.37509E-01{1.48265E-01 [1.48269E-0
Table 2 Side wall flux and average intensity
distributions.
side wall heat flux average intensity
2 present Ref[13] present Reff13]
M 737E-01] 4.63747E-01] 5.31236E-01} 5.31 246E
0.05] 3.94059E-01] 3. E-01] 4.53738E- .53024E-0
0.10] 3.57148E~01] 3.57157E - J11710E-01 4.11794E-
15| 3.23905E-01] 3.23913E-01} 3.74557E-01 3.74509E-0
10.20]2.93115E-01] 2.93123E-01 3.41487E-01] 3.41119E-0
0.25] 2. E-01] 2.64570E-01] 3.09803E-01] 3.09816E-0
301 2.38016E-011 2.38022F 01 2.82137E~01l 2 82230K-
0.35] 2.15210E-01] 2.15215E-01 2.58255E-01 2.5761 1E~
0.40]1.93724E-01] 1.93729E-01] 2.36246E-01! 2.36236E~
0.451 1.74406E~ 74410E-011 2, 17577E-01 2.17115E~
0.50] 1.57062E-01] 1.57066E- 3853E-01 2.02546E-0
[0.55] 1.41533E- 41536E-| 85990E~ 86094E-0]
27746E- 27749E-01] 1.73647E-011 1.73582E-0]1
0.65]1.15236E-011 1.15239E-01 1.62883E-01} 1.62743E-0
0.70] 1.04093E- E-01]'1.53072E-01] 1.53031E-Q
0.7519.41356E-07 9.41380E-02 1.44721 E-01| 1.44637E~
0.80] 8.53385E-07 8.53407E-04 1.37523E-01! 1.37317E-0
0.85]7.73403E-02 7.73422E -0 1.30489E-01 1.30565E-0
0.90]7.02038E-07 7.02056E-04 1.24717E~01) 1.24751E-0
0.95] 6.41308E-04 6.41324E-02 1.20002E-01 1.19751E-0
1.00[5.77781E-02 5.77795E-02 1.15068E-0 5093E-0
01
0.2 4
-0.3 4
.l
-4
0.4 1
0.5 4
0.6 . A aa— . . ; r T
00 01 02 03 04 05 06 07 08 09 18
xi

Fig. 4 Net bottom wall heat fluxes(z”=0.0, " =0.5).
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