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Abstract

This work describes the low-resolution spectral modeling of the water vapor, carbon dioxide and
their mixtures by applying the weighted-sum-of-gray-gas-gases model (WSGGM) to each narrow band.
Proper modeling scheme of gray gas absorption coefficients vs temperature relation is suggested.
Comparison between the modeled emissivity calculated from this relation and the ‘true' emissivity
obtained from the high temperature statistical narrow band parameters is made for a few typical narrow
bands. Low resolution spectral intensities from one-dimensional layers are also obtained and examined
for uniform, parabolic and boundary layer type temperature profiles using the obtained WSGGM's with
several gray gases. The results are compared with the narrow band spectral intensities obtained by a
narrow band model-based code with Curtis-Godson approximation. Good agreement is found between
them. Data bases including optimized modeling parameters and total and low-resolution spectral
weighting factors are developed for water vapor, carbon dioxide and their mixtures. This model and
obtained data bases, available from the authors' internet site, can be appropriately applied to any
radiative transfer equation solver.

k-1 v
E .24 59 v
I EA ZE( W/m?- sr) JE| AR

Loy o) T S BAWeem/m® o) 4 L gedd m@e A8 (K )

ki 8N 7b29 F4 AS( 1/m) e 7k AN
ki + ZEH AE( K?/atm) 7 : B (wavenumber) cm”})
L A2 gol( m) Ous * 7F29) WE( kg/m®)
M HA7EA
P F¥(atm) . H4 X}
s : Al#(line of sightjo] THE Az m) b &A
i HA s

* H4l, $F3)ALTY 4N HI LR . 59
» 04, $x gl 2 A gt m
max : oA



HMtAF GRS N2 d47kA Gl ¥A 43 628

min : H A3
t 2y slEo] He Atrue) 7
/I

AR K}
- W= g7

LM =

FE o)At gAsl & BAle] @odis
t2%e] AL BAA dRE x, BdY R 7t
2 Y B 1¢ @A EAF siAse
4 Fasich dvzoz spxel F4gAL 29
ey 54L& stae FH, L%, 49 Fol =g
azg HA7 Hadle EL MY Y92 4
ehin ol mat JlA Ase Y WyHoEE
Hartmann 5 I} Rothman ¥%9] 7% (line-by-
line)o] Atk 2 o] ME& M gA o
& ¢ 10°700.001em™ Y] B n3ld A7t
de Aide] 87HER FHAA HHNA AR
< g5 agez 33 840 ¥4
o 241 2ol sigo] wig Fhds) o]foF o
o ol@ ¥ ZHLWE X2 W(narrow band models® )
, WeUEE P(wide band model®™™) 3 237}
2% 1 g (weighted-sum-of-gray-gases  model®™'”)2
A @ ogHn gtk dvAez WerRdY
o] A%os ®%3A(Planck) T WHE FA
g 4 e YA F T oy HIE
™ 3} (transmissivity)©] 1} F4>&(absorptivity)©]
Adgcy wet g A SR
(Radiative Transfer Equation, RTE) $j 22
E A H(Discrete Transfer Method"")o] gl +
¥ 33} 8 ¥ (Discrete Ordinate Method'?)o1 = <3t
9 ¢A& 78 A go] sHEdich oY W=
B 259 st29 FE7 HFAdE A 4AE
Curtis-Godson™'? 0|1} Lindquist-Simmons"® % €}
8] A f7Hch olgk e U v
Woll A o] BAldAE] ¥t H29 IF(Zheng
209 @ gim ¥ 2w F2US YiAME
BAZE FeAST AR#AA Wy Fa
3o, o] A@HAE =5 usis] F4 =HE RIE
o We)st iAo ool wak A A= FH
XA @& Bolz Utk

gid AT HEER, CKEH(correlated-k

model'™®),  CKFGX ¥(correlated-k-fictitious-gas
model’”y B FFAS: Axu $HP F& F
AcE A4 AAstAY ZAFPozH ojn ¥

AP Hgelx A o] stk

o714 58 HAIEFHGRPEL] F4 w2
Aol ¥ Wyoz Fu HopolA @ ol
Ha dow #A o] Wyl V¢ ¥ Z4
(spectral group model,?”  spectral  line-based
weighted-sum-of-gray-gases model™ % SLWSGG
-CK hybrid model® )9 7iwo] w4 Wd
olsojx) i glct.

a3y A27A 9 RgPL 2 AN TAE
(total emissivity)ol B¢ AoezA sAPE Frd
Z2gte] @Y B A e L=& 53
st BRI Jlwol $8o ¥ #AY
2990 i@ ATE A o|FoixA g3 3l
o}

B g UEY dartagd $37)9% o
Abgigtdo] i SAVFAFHEEA 7)X3o
et A 28 5 (low-resolution)®] IE EAL &
¢l dolg wojxe] W ATshal gt

2. 2 W

Fozl AzUols £E BN HMALFY
2o 7Zx¢ 9Ad P47 AR e 7
o] RHE}

TnID=F0-e WD Q)

A71M ki olAbEtE MMt FFAG0|
o M3 L& 747 HAstie) 49 ZERAO#
Yetdh, 281 wW(pe R A EA
WE=A Q) 14 (band-center wavenumber)oll w2}
gt gtoln ¢gele) #eo I FE 19]
Aok & dFME iy F& WMEoA gy
o HAtAYt AR e g¢ FRe EFR G
& 2E 220 i A Ao AYeR
M L7t Bode A9 #MdA JEhA
5= Leibniz?" ¥-& AAsAG

A8 AFBVo 4 nEPY I P K
FAT €%, 4¥He BAT HFHoE A



630 A 2R kA

A R A ANIN $re BAE R o&
o Hed dAsHc

T

2
A71A Ps}t T 242 k29 94 9 &%
W, k% a;v 2R Wgolrt
My Aol o] Ryl WeE vhEd
@ol A o] iy A& H2Ee Y
o2 PR}

E,= Zz("—_q_-i-—m 2 3)

o71A T L& 747 Zil® HadelA A
48 2z9 A2dolgd dehdrk a3 7%
M Wzt 9 me 2 J)EA e ERUAR e
Wy 712X¢0 g & Soufiani®} Tained] F&
W 229 SNBOE ol 88k Adagi.

%9 Aol Planck #r& F33 ofF AN
EAEBAZER g Odf AA 2¥E s
AEE 3 HdE e 28 HA YA o
% A& dA doh

Ep= ﬁ‘,(l—e“’L)W,(ﬂ (4)

AN W(DE AN gl W@ HAEA
24 T go| Fojtk,

W) pd
W.’(ﬂ=—7"'1b—,i=l....,M (%)
Hll A & 5 9l wheh ol B A
Wipe Lo o WA e w9
W(he &9 w7t drh H43 gyo=
£ Conjugate gradient' ?& Alg8lgow 7)o
EAgs nEL M HHoR Fite B
$ar ok

3. &0 ogh A

AA 17143k FE7lo ¥ AL FP3
Fqom o] w Hyly 2% HEZolo HeE
2+Z} 500~2500K <t 0.01 ~10.0m= FQhch wWe
ald] AAF Ag B s 10° 1x 104 1x
107, 1x 105, 1x 10°K¥atm)®]  &,9 370(500, 2000,
5000K)S] ¥ $E3] A& oxd HoldAM A
Abo] 7be@& & 7 AT 71 B A2
ERE gt UEY @AV AYEes

Lxd tif FoiF FFATF #E& o]83d
a;& T3A H9 Fig 13 #o] Jehdr} 9
a;c Fig. 19] F&A 45,819 g& AW
Aojct. AA 2WEY ¥ 150~9300em™ o] o #f
25em'9] Ao Aie& FYgen A
#3349 teA Wi AA AEA WD
QE]Yl 32 (hitp://radcon7 kaist.ac.kr/database/radia-
tion/nbm_based wsggm)ol] o] =1t}

0 2000 4000 G000 8000 10000
Wavenumber{cm™)

Fig. 1 Variation of temperature.



HNFABGE Y 7 2Y dhsta9]) P BA 3 631

10*

lo-l -

Tetal emissivity

lo'ﬂ 3

loq] i A L
500 1000 1500 2000 2500
Temperature (K)

Fig. 2 Comparison of total gas emissivities of pure
water vapor at 1 atm for various
temperatures and path lengths.
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Fig. 3 Comparison of total gas emissivities of Ha0Q
for various temperatures and path lengths
(8) at 7=1200cm” (b) at 7=3800cm™

ZAF Bgtty, BAZE o9 d7PdM @
o] tigolAm Qlo] Blm7} gol¢ T AT
A M RE BX digte HdAY 423
W HAGE A Sk

A4 24 25 EXe iR} 1000K, 4 9
W& 0K Heloln TEAN HHe 2% EEX:
599 €%7F 110K, ¥ BHHe 27} 400K0]



632

th a8ln AAS e 2k X 4% 9
Wel &x=7F 1500K, dHoiE HHe £E& 300K
oltt, = Aol A HAHL 17])¢to|H,
Hae ZAzA A=E 0.1~10mojt}

A FAANAN F&UE HF HFE BAEE
e Aoz P 4 o)

Tp(@= 35 [ K510 (9 W
exp(‘ f(),ks(m')dS')ds

(8)

gebd A #A AEE OET Yol BE FE
Mool o ge AT 7 > A Eo.

10)= ; 1,(0)dn ®

sy 99 whyol mel d #APFER T8t
A S Aol BelAEZ FH HAZETE
A gart A& Beols oed gol HA
2HEH] g HFXE o] &3E Aol 4o
87 "ot

L= 2 [ R(IL,() W(T()
oo - [ 5205}

(10)

Table 1}% 2(8)~(10)y& o] &3] 7& HHo -

M9 A #AZFER Curtis-Godson TAHE ©)8%
Fese A4 =@ SNBE AN B}
v e} 2ol o) Tabled) X ®E Y kate
7@ iR goeatd Jebd AogA e
AZzolao e Z1gx ] Ao At
¢ 5% oJld& € & o, Aol g8 @
e} 210)0 g AN dAz M2 F AdAY
& ¢ 4 Utk

32 HHojAe MEsise IEE SAET
H Lk

@) olgst zt F& o] digh W
o] ®al =@ AN AAE Fig 40 A
=3

H&F -

FHE

Table 1 Comparison of computed total intensities

( W/m® -« sr) at the wall for HO (Numbers
in parenthesis are percent error from SNB).

Temp.
Path . Boundary
pro- | Uniform | Parabolic
length layer T.
files | T. type | T. type
(m) type
SNB 3452.5 | 3063.4 11524
Eq. 9) 35173 | 31953 1159.6
0.1 ’ (+1.9) | (+43) | (+0.6)
3519.1 3202.5 1126.0
Eq. (10)
(+1.9) (+4.5) (+2.3)
SNB 8498.5 | 6127.1 6439.0
8696.9 | 6398.5 | 6595.2
Eq. (9) |
1.0 (+2.3) | (+4.4) | (+24)
(10) 8704.5 | 64069 | 6225.5
Eq. (+2.4) | (+4.6) (-3.3)
SNB 131979 | 70854 | 21783.0
13214.5 | 72515 | 220574
Eq. (9)
10.0 +0.1) | +23) | (+13)
13227.9 | 7259.5 19573.7
Eq. (10)
(+0.2) | (+2.3) | (-10.1)
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Fig. 4 Narow band mean intensity at the wall for
various temperature profiles(H0).
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Table 2 Average spectral errors(%) of intensity at
the wall for H>O.
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Fig. 5 Comparison of total gas emissivities of CO;
at 1 atm for various temperatures and path

lengths.
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Fig. 6 Comparison of total gas emissivities of CO;
for various temperatures and path lengths
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Table 3 Comparison of computed total intensities

( W/m?-sr) at the wall for CO:
(Numbers in parenthesis are percent error

from SNB).
Temp.
Path B
3 PO | niform | Paraboic |0 m0
length files T. ype | T. type layer T.
(m) ' ' type
SNB 1970.6 | 1304.5 | 2159.1
Eq. ©) 18749 | 1219.1 | 23663
0.1 ' (-4.9) (-6.5) | (+9.6)
Eq. 1921.1 | 1259.7 | 2689.2
(10) (-2.5) (-3.4) | (+24.6)
SNB 3360.7 | 1994.7 | 5209.0
£q. ©) 3177.5 | 19067 | 50459
1.0 ' (-5.5) (-4.4) (-3.1)
Eq. 32580 | 1969.1 | 5800.7
(10) (-3.1) -1.3) | (+11.4)
SNB 5088.2 | 2743.2 | 10456.3
Eq ©) 4639.4 | 2388.8 | 9785.4
10.0 ' (-8.8) | (-129) | (-6.4)
Eq. 4757.9 | 24555 | 113274
(10 (-65) | (-105) | (+83)

Table 4 Average spectral errors(%) of intensity at

the wall for CO.,
Temp.
ofile B
profiles | 1 torm | Parabolic | "0
Path T T layer T.
. [~] .
length typ type ype
(m)
0.1 1.4 46" 1.7
1.0 1.7 4.5 0.5
10.0 7.1 19.1 0.2
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Fig. 7 Narrow band mean intensity at the wall for
various temperature profiles(COz).

et A 2 AAE tEAE FUY dHR T
ool AAFUS

Table 5t 42 do] Im% Aol thateq &
1209 EAlol oY WY #AF=R AN
¢ Aod VNS¢ vay Ae=M d HAZ
E R A3 R FEY 3T #5719 B
g vlpg $Eo2 A AAYR & F AUt

6. @ &=

HA 2GR o] 7)&xste] dhsbiel e
A ¥ oy wA #AA AL EEE
wach A W& o) gt HA YA
% g kA EA FL& PsdMe W= ®/I
WAL A4 SHste way A JEAe
A 3 YAt =g R A EFdE
e XX M 129 EAlo]l H 88 Curtis-
GodsonTAHE B#¥ FLUM= Al vay
A & FHAEY o3 WA & AT
HpAon $F7|9 ojirseta U ol EUE
of & HAL WIFEL THE ATFAN} o)EH
F QER ALY R A G AU Fhol
Ao ik

636

Table 5 Comparison of computed total intensities

( W/m® - or) at the wall for mixtures
when path length is 1.0m (Numbers in
parenthesis are percent orror from SNB).

P Temp. Boundary
QU
oo profiles| Uniform | Parabolic
T. type | T. type layer T.
Przo . ' type
Items
SNB| 47417 | 3557.5 | 3923.0
Total | Eq. | 4711.6 | 3638.8 | 37803
intensity| 9) | (-0.6) | (+23) | (3.6)
2:1 Eq. | 4717.6 | 3646.7 | 38272
10)| (0.5 | (2.5 | (24)
Average
spectral 17 1.4 0.4
errors(%)
SNB| 5249.6 | 39832 | 3998.7
Eq. | 52548 | 4123.4 | 38408
Total | g | oy | (¢35) | (39
g [tensity["gq | "s250.6 | 41305 | 3880.1
' 10) | (+02) | (13.7) | (-3.0)
Average
spectral 03 1.4 0.5
errors(%)
SNB| 5626.2 | 4308.7 | 3943.2
Eq | 56345 | 44999 | 37412
TR | g) | o) | @4 | (s
g [tens "Bq, T 56435 | 45092 | 37791
' (10) | (+0.3) | (+4.7) | (-42)
Average
spectral 0.2 1.3 0.7
errors(%)
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