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Fig. 1. (color online) Important representatives for WSGG model development.

zi E TR, HErE T HITEMP2010 %95 % 15
P WSGG #/ 2 $2 L B 1, (B4 /D 3
Fen T R R EE SR s BRI e B X

TRANSEESEE, thA1REE RS 25 B 2R
FEEBUE, HERZ 50— K ELBCMITE A, JE T itk A&
SCH R GE VAL R A AT N T B4 WSGG

094207-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 F W)

Acta Phys. Sin.

Vol. 66, No. 9 (2017) 094207

S, LR R R SR IR AR A, BeAh, A
SCIER T 2 T 5 0 UdE 1R X SNB AR Y I3 ik
ZERAE B HERR.

2 iTEAEA

Xt T E A WO RS R A o, T e
3375 F oy 1]

oI

0757] = —Kanly + Kanlon, (1)

EAA TR R T B4R T [ 8 L ARAE.
Xt g AL S, L&A

Ly (Sw, §2)
1—cuwy . , , ,
= cwnlywn+ |1 82| 1) (54, £27)d 12,
702/ <0
|- Q'] > 0. (2)

2.1 SNBi#&EHE!
SNB R eh A2 Y (T SR B 7, A

7 (L) = exp [RQB (,/1#;5;1)] G

X, B =28,/n, S = kypp, LNEERKE, ¢
RS SR AR T B, p N KRR R R, B, 2T
W& S5, NMagRaEK. X T HO,
CO, 5 CO K3 SNBEMZH, 245, MG A
X, 46,5k, 7T 24N 28 15 i B9 2 4 4, B
Soufiani & Taine ¥ #f /% [26] F1 Riviere & Soufiani
Hod e BTl R T oo i AR B, R
v &SR, PRI AR SR H S 3 Riviere &
Soufiani HUHE Fe. i A% 36 7 FE SRR FH #2728
%, BARZS WoCHk (6,7, 28]

2.2 WSGG =8

WSGG #5i Y 5= B AR 2 H LA K S AR —
T 325 B SR SR AR AU S B AR ) JE R S R,

Fnt (a)

B2 . 20 WSGG AL 1) 2 2 1 LAl A Y (4
LBL % R R L 0ty A A 28 ) Sl I UL & [ 5
THT RS RS2 — RN SH, ErERE S
SRR REA . XTI R, I WSGG
BRI A3 E LA EEE. 9 7 3Rk FE A 98 8
MO, TR, AE I IRIE 15 2 R 2 =
(L REN =R AL PR S
AR AT T AR ARG 21, B

I

e=> ai(T)(1-

=0
A, PR EIE, a Z5H R UER I 280y
K I HBUE, T4l ok TR T 1 J B 2 05,
Ep

e—KiPL)7 (4)

J
a; = ZbiJTj_l. (5)
j=1

AR A, X T (5) b i b, BT WSGG Y
WG N H B BT, Jonhansson 25 PO1¥ &
FCEAHER )T o R e 2 Ik, FFH (5)
()T B A (T /1200 K); Bordbar £ P4 0l 4 H 2%
(PGPS WP Sw I

P Pu,0\’
bij = bl + b2i,j% + 03, (PZI;O) . (6)
2 2

NT RS BR R AR R aE B O RN
WSGG M 5] N —FfiE S K, Bl Ky = 0, H
B R R 52

1
ag = 1-— Zai. (7)
i=1

Xf F W U B2 ¥ K, H Johansson % P01 & Vi
RS R EOCER G, A& TA R B R .
Bordbar 25 P4 1 & H 281 5Bk 38, Johansson
5 O [RIE AN

P
ki = K1; + K2, 222 (8)
Pco,
17 (b)
Kn
Ki
K1 : :

[ B ! | I

oo ! ! | I

[ R N

B2 (a) SSERSUATRIL R BN i (b) WSCG U4
Fig. 2. (a) High-resolution absorption coefficient distribution of real gas; (b) the representation of the WSGG model.
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£1 WSGGHBAHSHILE
Table 1. Summary of WSGG model parameters.

=4 HEE/K 43 b JE IR KT Jatmem S E IR
Smith % 9] 600—2400 1,2 0.001—10 EWB
Bahador 1 Sunden [29] 500—2500 1,2 0.001—10 LBL
Johansson 2 [20] 500—2500 0.125—2 0.001—60 SNB
Yin % 21] 500—3000  0.125, 0.25 0.5, 0.75, 1, 2, 4 0.001—60 LBL
Kangwanpongpan % 221 400—2500 0.125—4 0.001—60 LBL
Dorigon % [23] 400—2500 1,2 0.0001—10 LBL
Bordbar 2 [24] 300—2400 0.01—4 0.001—60 LBL

VE: AR H Prryo,/ Pooy, S48 KR — R BE /R 4 B .

FEAF R R BORNLE 2 J5, #inT R — 2 1
BUA R T FRR IR ST AR TR, 8 S X Bk A
IR AR EAT 8 Sh A% 38 D RESR A, SR Je R 5 K
AR INBCRFIAS B S . B TR YE WSGG
R AT B AT B R R R B, P WSGG
RUAR R 5 ANAE RO 2 0 4 A% 3 05 R SR W U vk 45
&, B RBCERB0R, ASCR B AR bR iRk R

>
B
>
‘@
B
g
5]
3
+
9]
3 Bordbar et al.[24]
Bahador and Sunden(23] 8- a9 .
Dorigon et al.[2%] Yinetal P T8
* Kangwanpongpan etal.?2l O Smith et al.[°]
10-3 (a.) o Johansson et al.2 SNB
500 1000 1500 2000 2500
Temperature/K
60
Piy0/Pcoy =1 % Bordbar et al.=24
50 L=0.01 m ~— T Bahador and Sunden(23
— ==~ Dorigon etal.[?]
40 *  Kangwanpongpan etal.[22
©  Johansson et al.[20]
g 30 20%—(—20%) Yin et al.l21l
o O Smith etal.
© 20"
[ 4
>
2
=
Q
~

: . & A %
X
_30 b . . .

500 1000 1500 2000 2500

Temperature/K

3 (MITIRE ) AR ZEAE = AR & M) A R S 2 B L 3 A A 1 0 % FEAR X 5 2

RIS R, RPN T AR STVl BG4 g
WSGG A S5

3 HRE5T®

SCHR [6, 7] £ B, KA SNB RERL TR LE R 55
T LBL VTS FME R &84, F+H SNB #RY{}

100
0 Pry0/Pcoy =2
!
[
.,? 10-1
N
%
é [
3]
s
5 1072
= Bordbar et al.[24]
Bahador and Sundenl?®] Ly
— — — Dorigon et al.[23] Yin et al.[21 '
b * Kangwanpongpan et al.[22] O Smithetal.l) (b)
_ (b) (9] Johansson et al.[20] SNB
10 3 L i h
500 1000 1500 2000 2500
Temperature/K
60 x Bordbar et al.[24]
Pi.o/Pco, =2 ordbar et al.
20/ 2 L=00lm — Bahador and Sunden(23]
o - — — — Dorigon etal.[3]
40 * Kangwanpongpan et al.[22]
[} Johansson et al.[20]
o i [21]
w 20%—(—20% Yinetal.
5 o o—( %) o Smith et al.[%]
£ .
5]
o
>
Z
e
<
~
(d)
_ 40— . . .
500 1000 1500 2000 2500

Temperature/K

(a) BEME, Puyo/Poo, = 1;

(b) BRME, Pa,o/Pco, = 2; (¢) HIXRE, Pu,0/Pco, =1; (d) HX&R%E, Pa,0/Pco, =2
Fig. 3. (color online) The variation of the total emittance with the temperature using the several models: (a) The

total emittance for Py,0/Pco, = 1; (b) the total emittance for Py,0/Pco, = 2; (c) the relative errors for

Pu,0/Pco, = 1; (d) the relative errors for Py,0/Pco, = 2.
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Fig. 4. (color online) The variation of the total emittance with the pressure-path length obtained by the WSGG

models and SNB model with different temperature.
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Abstract

In oxy-fuel combustion with CO2 recycle, the non-gray gas radiative heat transfer characteristics of gaseous partic-
ipating media are different from those in air-fuel combustion. Therefore, the choice of a non-gray gas radiation model
should be carefully made since it plays an important role in modeling the oxy-fuel combustion system. Using the sta-
tistical narrow-band model as a benchmark, in this paper we provide a comprehensive assessment of the development
of the weighted-sum-of-gray-gase (WSGG) model, which has been achieved in recent years. The results show that the
predicted values obtained by the WSGG model are generally reasonably accurate, though some significant differences
still exist. For the total emissivity, the WSGG models by Dorigon et al. (2013 Int. J. Heat Mass Transfer 64 863)
and Bordbar et al. (2014 Combust. Flame 161 2435) are consistent well with the benchmark model, within a relative
error of less than about 20%. Under the conditions of Pu,0/Pco, = 1 and 2, the magnitudes of radiative heat transfer
between two planar plates are calculated using the discrete-ordinate method and WSGG model. It is found that the
radiative source and radiative net heat flux obtained using the WSGG model parameters of Dorigon et al. and Bordbar
et al. are more accurate than using other parameters developed in the literature (about 10% relative errors). It is worth
noting that the WSGG model parameters of Jonhansson et al. (2011 Combust. Flame 158 893) and Bordbar et al. have

a wider range of applications.

Keywords: non-gray gas radiation, weighted-sum-of-gray-gases model, total emissivity, discrete-ordinate
method
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