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A Study on the WSGGM-Based Spectral Modeling of
Radiation Properties of Water Vapor

Ook Joong Kim and Tae-Ho Song

Emissivity (8} 4}-8-), Radiation Intensity (¥-A}7} %)
Abstract

Low resolution spectral modeling of water vapor is carried out by applying the weighted-sum
-of-gray-gases model (WSGGM) to a narrow band. For a given narrow band, focus is placed
on proper modeling of gray gas absorption coefficients vs. temperature relation. The gray gas
absorption coefficients become the basic radiative properties which can be used for any solution
methods for the Radiative Transfer Equation (RTE). Comparison between the modeled emissivity
and the ’true’ emissivity obtained from a high temperature statistical narrow band parameters is
made for the total spectrum as well as for a few typical narrow bands. Application of the model
to nonuniform gas layers is also made. Low resolution spectral intensities at the boundary are
obtained for uniform, parabolic and boundary layer type temperature profiles using the obtained
WSGGM'’s with 9 gray gases. The results are compared with the narrow band spectral intensities
as obtained by a narrow band model-based code with the Curtis-Godson approximation. Good
agreement is found between them. Local heat source strength and total wall heat flux are also
compared for the cases of Kim et al,'’¥ which again gives promising agreement.
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Table 1 Comparison of computed intensities (W/m?-sr) at the wall

(numbers in brackets are percent errors from SNB)

Profil Uniform Parabolic Boundary layer
rofiles
temperature type temperature type temperature type
SNB 8498.5 6131.7 6413.9
Model 8821.0(+3.8) 6423.6(+4.8) 6341.5(-1.1)
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Table 2 Average spectral errors of intensity at the wall

Profil Uniform Parabolic Boundary layer
rofiles

temperature type temperature type temperature type
Errors(%) 6.5 [ 11.1 11.5

Table 3 Comparison of computed intensities and average spectral errors using refined model (total
intensity is in W/m?-sr and average spectral error is given by Eq. (11))

Profiles Uniform Parabolic Boundary layer
temperature type temperature type temperature type
Total
. . . 8539.8(+0.5) 6131.4(0.0) 6363.3(—0.8)
Narrowing intensity
modeling
Average
temperatures _
spectral 5.7 10.1 4.8
errors(9%)

Wolul ohnk ZEAS 4AE Fele ew ¥Z AA4Y AHE Tabledel dehiid, oe
of Hsted Az Aolsh el AW w2

o] Table 1,29} wimelwl wwolqe) W HAgms}

7b7k 0.05m, 0.2m2 whHo] Uk AAZ el way Fadesl A4 ext duke B

o &5 £EXF Agstae tiader Az 2o o £ ok, 539 AAZ e £x F£xY AS

e e zRE o 5 qch dubdor Mol AAAA} Aebd F4HAUSE B £ o, 1t

A mfede) dg A8 27) B& AmEyd o A2 Jolo) wsh sANAY 4% 24w
o}

=
-1 (=4 =
seb % dATHE & 4 Atk osl4 ¥ el% Fe 4%E 9% 4 dowle Az
b

A el el 2ok ARl eke A $ol= Curtis 4. 4 B
-Godson +4He &3k, o2 qlédle] thio
L2kt =QlEjng o] didle] 93t A sls) (Kimo Harba Sl 7zt 5719 s &5
#hg ) of WSGGMel| elgt At 5 ofwl 7o)l @ 4} 24 A4S s8edc, 2 FL wlsoAg
Al 227t 2AE AQAE FEHsltE ol F4A5E F A 443 2ge Lo Bd g
of, ohub o 71A whdt 4 9l A2 Kime] sbdle. 4z mdeslgdoew, A svez 7 ghaby
agt AEEZE Erbe HEhE wdolgtonz o gartae slEAE Aok AAwE mde
o] WSGGM# f-Abgt 438 Fobd ol o] 83ted A4le L5 Wi shgy walge )
WSGGMse] Al A& mah wh3sle ez Az 2o Fe wls vz Al4le 7159 4 A3}
& 4 glch Aok =g TAY 25 FEe TEA Y AAE
Heflo] 25 REE 7 139 FAlol] Hated A
34 B8 HE 2 Aa Huo e A BAEE 8 F ke g}
2 Aol ALEE Tl B A$ Adaby e AR 9 BAYYdYE & 7FH
oz nddg H (e ¥ A2 o)} A&3) 3 (Curtis-Godson +AHS o] &3k F& W= A4l
A 7heme] ol wpel Jater) debalceh, Z A7 ] 10 % Al 23 HeYolA AlAad 4 9l
29 g7t BEaE, ndd Wee FE4E5 A8 ook a2z mely HE zATdo g v g
ST gabElnh, 5ol g ZalE WS golA AE A AE dE F ude dadsch o
wF gk A HistEE Fod A (500K ~1500K) Aol g Fabed Awbsl ziabd mela widle



Ak ag ol oG 45719 sy BAEAA mdd B AT

EHo g WSGGMol| A dsled otd Az A
Woll el WA 7% melel W wlssto

lo] FolA3 A A7ke] WoldE o7k %
° el e §4 A4E 44 U3

2 ool shd A A syl A
o) 71——0}\3:1 i 25 HEY AR
Curtis-Godson 4} 59 wxo] Atz g9 g

ol 4 o) $ fesieh =@ 2 A4 e F
HHE\,H,] .wlﬁ Balek E
R L
7% okl N $EEs} wrhm e
o2t oA} WA LW AN davts &
of e ATE A% FAse] 1 ANE BE
z}—-o} Mg 4 UAEE HolE wolx3t @

o b It 1f“r.>f_
_C')_L
iy
o

Ol

e rlo rlr

ol o |

l

e

2

ZHUEH

1987, *HArd D 2ol %
Vol. 27, No. 3, pp.

(1) olFAl,
%, o &7 A3 A"
226~ 236.

(2) Ludwig, C. B.,, Malkmus, W., Reardon, J. E.
and Thompson, J. A. L., 1973, “Handbook of
Infrared Radiation from Combustion Gases,”
NASA SP-3080, Washington, D. C. p. 47.

(3) Edwards, D. K., 1976, “Molecular Gas Band
Radiation,” Advances in Heat Transfer, Vol. 12,
Academic Press, New York, pp. 115~193.

(4) Hottel, H. C. and Sarofim, A. F. 1967,
Radiative Transfer, McGraw-Hill, New York.
(5) Smith, T. F., Shen, Z. F. and “Friedman, J. N.,
1982, Evaluation of Coefficients for the Weighted
Sum of Gray Gases Model,” ASME J. of Heat

Transfer, Vol. 104, pp. 602~ 608.

(6) Siegel, R. and Howell, J. R., 1992, Thermal
Radiation Heat Transfer, 3rd ed. McGraw-Hill,
New York.

(7) Song, T. H., 1993, “Comparison of Engineering
Models of Nongray Behavior of Combustion
Products,” Int. J. Heat and Mass Transfer, Vol.
36, pp. 3975~ 3982.

(8) Goody, R., West, R., Chen, L. and Crisp, D,
1989, “The Correlated-k Method for Radiation
Calculation in Nonhomogeneous Atmospheres,”

3379

J. of Quant. Spectrosc. Ratiat. Transfer. Vol. 42,
No. 6, pp. 539~550.

(9) Riviere, P., Scutaru, D., Soufiani, A. and
Taine, J., 1994, “A New ck Data Base Suitable
from 300 to 2500K for Spectrally Correlated
Radiative Transfer in CO2-H20-Transparent
Gas Mixtures,” Tenth
International Heat Transfer Conference, Vol. 2,
Brighton, UK, pp. 129~ 134.

(10) Denison, M. K. and Webb, B. W., 1993, “A
Spectral Line-Based Weighted-sum-of- Gray
-Gases Model for Arbitrary RTE Solvers,”
ASME ]. Heat Transfer, Vol. 115, pp. 1004~ 1012.

(11) Modest, M. F,, 1991, “The Weighted-Sum-of
-Gray-Gases Model for Arbitrary Solution
Methods in Radiative Transfer,” ASME J. of
Heat Transfer, Vol. 113, pp. 650~ 656.

(12) Riviere, P., Langlois, S., Soufiani, A. and
Taine, J., 1995, “An Approximate Data Base of
H20 Infrared Lines for High Temperature
Applications at Low Resolution Statistical Nar-
row-Band Model Parameters,” J. of Quant.
Spectrosc. Ratiat. Transfer. Vol. 53, No. 2, pp.
221~234.

(13) Scutaru, D., Rosenmann, L. and Taine, J.,
1994, “Approximate Intensities of CO2 Hot Band
at 2.7, 4.3 and 12um for High Temperature and
Medium Resolution Applications,” J. of Quant.
Spectrosc. Ratiat. Transfer. Vol. 52, No. 6, pp.
765~ 781.

(14) Soufiani, A. and Taine, J., 1995, High Tem-
perature Gas Radiative Property Parameters of
Statistical Narrow-Band Model for H,0O, CO,
and CO and Correlated-K{(ck) Parameters for
H,O and CO, in press in Int. J. Heat and Mass
Transfer.

(15) Rothman, L. S., Gamache, R. P, Tipping, R.
H., Rinsland, C. P., Smith, M. A. H., Benner, D.
C., Devi, V. M., Flaud, J. M., Peyret, C. C,
Goldman, A., Massie, S. T., Brown, L. R. and
Toth, R. A., The HITRAN Molecular
Database : Editions of 1991 and 1992, J. of
Quant. Spectrosc. Ratiat. Transfer. Vol. 48, No. 5/
6, pp. 469~507.

Proceedings of the



3380 78 F

S F-F W2

(16) Grosshandler, W. L., 1980, “Radiative Heat -N Discrete Ordinates Method,” ASME J. of

Heat Transfer, Vol. 113, pp. 946 ~952.
(19) Kim, T. K., 1990, Radiation and Combined
Mode Heat Transfer Analysis in Absorbing,

Transfer in Nonhomogeneous Gases . A Sim-
plified Approach,” Iut. J. Heat and Mass Trans-
fer, Vol. 23, pp. 1447 ~1459.

(17) Arora, J. S., 1989, Introduction to Optimum
Design, McGraw-Hill, NewYork.

(18) Kim, T. K, Menart, ]J. A., and Lee, H. S., 1991,
“Nongray Radiative Gas Analyses Using the S

emitting, and Mie-Anisotropic Scattering Media
Using the S-N Discrete Ordinates Method, Ph. D.
thesis, The University of Minnesota.



