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Abstract

WSGGM based low-resolution spectral model for calculating radiation transfer in combustion gases is
applied to estimate self-absorption of radiation energy in one-dimensional opposed flow flames. Development
of such a model is necessary in order to enable detailed chemistry -radiation interaction calculations including
self-absorption. Database of band model parameters which can be applied to various one-dimensional
opposed flow diffusion and partially premixed flames is created. For the validation of the model and database,
low resolution spectral intensities at fuel exit side are calculated and compared with the results of a narrow
band model with those based on the Curtis-Godson approximation. Good agreements have been found
between them. The resulting radiation model is coupled to the OPPDIF code to calculate the self-absorption
of radiant energy and compared with the results of an optically thin calculation and the results of a discrete
ordinates method in conjunction with the statistical narrow band model. Significant self-absorption of
radiation is found for the flames considered here particularly for the fuel side of the reacting zone. However,
the self-absorption does not have significant effects on the flame structure in this case. Even in the case of the
low velocity diffusion flame and the partially premixed flame of low equivalence ratio, the effects of self-
absorption of radiation on the flame temperature and production of minor species are not significant.
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Fig. 1 Schematic of the opposed flow flame
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Table 1 Partial pressure distributions considered

Species
CO, H,0 cO
No. | Partial
pressure
1 0.0095 0.0417 0.0110
2 0.0376 0.1195 0.0366
3 0.0542 0.1658 0.0520
4 0.0679 0.1909 0.0297
5 0.0764 0.1970 0.0107
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Table 2 Operating conditions of each flame

\. Flames

Operating Flame | Flame | Flame | Flame | Flame

Conditions | ! I It v v
Par- Par-

Kind l?iffu- Diffu~ Diffu- tially | tially

sion sion sion | pre- pre-

mixed | mixed

Fuel and

oxidizer

velocity 0.1 0.3 0.7 0.1 0.1

(m/s)

Fuel and

oxidizer

tempera- 300 300 300 300 300

ture (K)

Total

pressure 1 1 1 1 1

(atm)

Equival-

ence ratio - - i 2.0 4.5

Distance

between | 002 | 0.02 | 002 | 0.02 | 0.02

nozzles(m)
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Table 3 Comparison of computed total intensities
(W/m*sr) at fuel exit side (Numbers in
brackets are percent errors from SNB)

rofiles Flame | Flame | Flame | Flame | Flame

1 11 I11 v A%
SNB 556.7 | 339.5 | 221.4 | 798.8 | 588.4
Egs. 540.6 | 3294 | 216.0 | 7742 | 5599
6),(8) | (-29) | (-3.0) | (-2.4) | (-3.1) | (-4.8)
Eqs. 566.9 | 3399 | 221.0 | 809.0 | 583.3
M, (®) | (+1.8) | (+0.1) | (+0.2) | (+1.3) | (-0.9)

Table 4 Average spectral intensity errors (%) at fuel exit

side
rofiles Flame | Flame | Flame | Flame | Flame
I I m v v
Eq. (6) 057 | 0.83 | 0.87 1.18 1.43
Eq. (7) 0.98 1.11 [.12 1.56 1.68

dg/dx(kW/m’)

-1500 |
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- SNB calculation
-2500 T T . -
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Fig. 5 Radiative source/sink distribution for Flame 1
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Table 5 Comparison of the maximum temperature and concentration of minor species for the flames considered

Item Method Flame | Flame II Flame III | FlameIV | Flame V
Maximum | Adiabatic 2071.8 | 20347 | 19952 | 20731 | 2049.9
tem‘z‘l’g’mre Optically thin calculation | 20262 | 20173 | 19869 | 19827 | 19869
WSGGM calculation 2031.8 | 20187 | 19873 | 19960 | 1996.4
SNB calculation 20307 | 20187 | 19874 | 19932 | 1993.2
Maximum | Adiabatic 00485 | 00471 | 00469 | 00756 | 0.0582
°°nf)°f’g’(‘;‘i°“ Optically thin calculation | 0.0436 | 0.0456 | 00463 | 0.0666 | 00502
WSGGM calculation 00441 | 00457 | 00463 | 00679 | 0.0514
SNB calculation 00440 | 00457 | 0.0464 | 0.0682 | 0.0510
Maximum | Adiabatic 0.0119 | 9.197E-3 | 7.436E-3 | 5.348E-3 | 6.028E-3
00’2583;?“ Optically thin calculation | 0.00964 | 8.455E-3 | 7.157E-3 | 4.185E-3 | 5.257E-3
WSGGM calculation 0.00994 | 8.518E-3 | 7.172E3 | 4.344E3 | 6.162E3
SNB calculation 0.00989 | 8.532E-3 | 7.180E-3 | 4.389E3 | 6.094E-3
Maximum | Adiabatic 1241E-4 | 8474E-5 | 5.731E-5 | 1.084E4 | 1.160E-4
°°“f)‘}’;ff8ﬁ°“ Optically thin calculation | 9.711E-5 | 7.748E-5 | 5.474E-5 | 6.432E-5 | 8.300E-5
WSGGM calculation 1.002E-4 | 7.796E-5 | 5.487E-5 | 6.928E-5 | 8.733E-5
SNB calculation 9.957E-5 | 7.802E-5 | 5.489E-5 | 6.763E-5 | 8.584E-5
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