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Radiative properties of flue gas under high-altitude sub-atmospheric pressure
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(1. State Key Laboratory of Multiphase Flow in Power Engineering, Xi'an Jiaotong University, Xi’an 710049, China; 2. China Special Equipment Inspec-

tion and Research Institute, Beijing 100029, China)

Abstract: The special geography of the plateau area leads to a series of problems in boiler operation. In this study, the ab-

sorption coefficients and total emissivity of flue gas were determined under different air pressures during air combustion

using the Line-By-Line (LBL) method based on the HITEMP2010 database (High-temperature molecular spectroscopic

database). The effects of pressure, temperature, and molar fraction (H,O and CO,) on the radiative properties of flue gas

were analyzed. An improved Weighted-Sum-of-Gray-Gases (WSGG) correlation, which relates the absorption coeffi-

cients to temperature and total pressure, was proposed. The results show that the reduced total pressure diminishes the total
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emissivity of flue gas. The maximum differences in total emissivity along the path lengths for the four working conditions
with a pressure drop from 0.101 325 to 0.061 655 are 0.093 4, 0.084 5, 0.091 1, and 0.084 3, respectively. For a larger
molar fraction, the effect of pressure on the total emissivity is greater for shorter path lengths but not for longer ones. Sim-
ilarly, the higher temperature would reduce the total emissivity of flue gas. The maximum differences in total emissivity
along the path lengths for the four working conditions with a temperature increase from 1 000 K to 2 500 K are 0.273 6,
0.270 5, 0.251 5, and 0.250 5, respectively. For a larger molar fraction, temperature has a greater effect on the total
emissivity for shorter path lengths but not for longer ones. Furthermore, increasing the molar fraction enhances the total
emissivity of flue gas. The maximum differences in total emissivity along the path lengths for the four working conditions
with a molar fraction increase from 1 to 2 are 0.088 1, 0.100 4, 0.088 9, and 0.100 6, respectively. For a higher temperat-
ure or lower pressure, the effect of molar fraction on the total emissivity is smaller for shorter path lengths but greater for
longer ones. The maximum relative error of the improved WSGG model for the total emissivity of flue gas under different

working conditions is 3.67%. It is a significant reduction in the error compared to that of the existing WSGG model.

Therefore, the improved WSGG model is more accurate for air combustion atmosphere and sub-atmospheric pressure.

Key words: flue gas radiation; high-altitude; sub-atmospheric pressure; boiler; total emissivity
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1 & 2(e) AT LAFE MY, 26 AH R0 R D7 A8 A BN, 2
TR R /NG, Bl 25 JEE R LR 35 n, R A B R
B R ZAH Ae(Ae =&, — &, &1 &4 7 0.101 325 F1
0.061 655 MPa H 14 5 & 5% B4, F2 B & 77 A8 fb Xt
JR AR S 2 RV FH 3G 58 5 247 R B e R,
Bifi 5 JBE O LU R 3800, S0 S R S 3R 25 (B )N, R
378 AR A R B 3R s e M RS . AT RE
JR PR AR A TR B LT, 43T =2 181 1 flf 43451 %
Al AR, FEURSY Bk 53R 2 B 5 i R ) A2 4k
S AR ATRE LT, 43 Rl 19 52 1) ] B A
XN, B2 7T AR i, B TR 1) T, A ]

JE 73784k R PSRRI B R S e 22 (A N, B ) A8
PRSI A B S Ak . BAHADOR %507
FER R AR F AR TR 28 0, T
23 SRR, T B ARS8 1 MR S B S R 5
JEE IR LUK, AEAT RS FE R/ NI 100 T X R s 55 1)
PAE ., (HAEAT R BRI 1L T S 55 1
PN 5 LB T, SRS R Rz
2.3 REIMESESTEERNXNE

3 KA A AR BB R L MR 1, 2, JE
J1 P73 0.101 325, 0.061 655 MPa i 5514 F, IR JE T
M 1000 T 5 £ 2 500 K X AR & S R0 50



1030 #H % F ® 2024 4E45 49 %
1.0 1.0
P=0.101 325 MPa —— 1000K
08+ _ _ 08+——2000K R -
HCO=01, Y001 - ——2500K e .
3 06} gosl T
s | z |/ BRI
m 04 ¢ RYEE S UN 04t
e 1000K P=0.101 325 MPa
02l —— 1500K oal M=2
’ —a— 2000 K : Y(CO,)=0.1, Y(H,0)=0.2
—— 2500 K
0 1 1 1 1 1 0 1 1 1 1 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60
TR L/m TFEK S L/m
(a) (b)
1.0 1.0
P=0.061 655 MPa —=— 1000K P=0.061 655 MPa
M=1 —e— 1500 K M=2
0.8 ¥(C0O,)=0.1, ¥(H,0)=0.1 gggg? 0.8 [ ¥(C0,)=0.1, Y(H,0)=2 ]
‘}g{i 0.6 - -— PR Jﬁgi 06l
jﬁ ;;;;;;;; E —
moat S o4t ] BRI
SRS ik N —— 1 000K
0.2+ 02k —— 1500K
——2000K
—— 2500 K
0 1 1 1 1 1 1 0 1 1 1 1 1 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60
K L/m TFRKE L/m
(c) (d)
0.30 = S 0.30
SRS R IR
e ——
025F Q/ ' -., .. .) 0.25 + s e g
o || praEEmEA | S o0b | R
i IR A IR T
w0151 AN N 005 |
= 1= Il
IR IR f —
Kool Kol | M
m P=0.061 655 MPa e Y(C0.=0.1, Y(H,0)=0.1
Yy _ _ —=— 0.101 325 MPa
0.05 | —— M=1, ¥(CO,)=0.1, Y(H,0)=0.1 0.05 | 0061 652 MPa
—— M=2, ¥(CO,)=0.1, ¥(H,0)=0.2
0 1 1 1 1 1 1 O 1 1 1 1 1 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60
TR L/m 17K L/m
(e) ()

B3 B RS R R

Fig.3 Influence of temperature on total emissivity
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Fig.4 Influence of molar fraction ratio on total emissivity
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Table1 WSGG model parameters in sub-atmospheric pressure at various molar ratios

P=0.101 325 MPa,

Y(H,0)=Y(CO,)= 0.1

&R Wi/
Cil Ci2 Ci3 Cia Cis Ci6
1 -1.4672 6.272 1 —8.4525 5.5047 -1.718 1 0.205 6
2 13193 —5.003 4 8.6512 —6.921 0 2.5561 —0.3543
3 0.029 8 1.3747 -3.0290 2.790 5 -1.169 7 0.180 8
4 03336 —0.3411 02197 —0.183 3 0.096 8 —0.0179
P=0.101 325 MPa, Y(H,0)=Y(CO,)=0.1
FE/R Wi
d; dis di3 dis dis dig
1 —0.042 6 0.663 3 —1.3984 1.2619 —0.494 4 0.0702
2 04517 -3.2000 9.736 9 —10.390 4 4.7162 —0.7650
3 3.0042 -11.5716 30.5615 —28.502 1 11.306 3 -1.6398
4 37.9888 —76.696 1 99.068 4 5.2146 —40.787 5 10.9105
P=0.076 622 MPa, Y(H,0)=Y(CO,)=0.1
EEJR Wi/
Cil Cip Ci3 Cia Cis Ci6
1 —0.076 9 0.109 6 0.8019 —1.000 9 0.4225 —0.060 9
2 —0.1408 2.3214 -4.3296 3.7239 -1.4570 02111
3 0.0672 1.006 2 —2.2768 2.0255 —0.7950 0.1137
4 03716 -0.779 4 1.0321 -0.774 1 0.2857 —0.0403
P=0.076 622 MPa, Y(H,0)=Y(CO,)=0.1
JEEJR Heifj
d; dis di; dis dis dig
1 -1.3149 6.5801 —7.666 0 3.8907 -09171 0.0847
2 0.206 5 —0.0273 —0.1385 0.0533 0.0146 —0.006 5
3 1.439 4 —2.5543 13.4730 —13.789 8 5.0472 —0.5903
4 13.1540 28.898 1 —5.063 2 —18.2300 13.1815 —2.9023
P=0.061 655 MPa, Y(H,0)=Y(CO,)=0.1
JEEJR P/
Cil Cin Ci3 Ci4 Cis Ci6
1 —0.108 5 0.296 6 0.6912 -1.1331 0.5404 —0.084 9
2 —0.0367 1.726 3 —2.9382 23590 —0.8850 0.1248
3 0.2179 —0.4039 0.3546 —0.187 1 0.0551 —0.006 6
4 0.1916 0.2925 —0.8454 0.696 9 -0.253 1 0.0349
P=0.061 655 MPa, Y(H,0)=Y(CO,)=0.1
&R LLifj
d;; dis di; dis dis dig
1 —2.6990 15.5263 —26.106 8 21.1573 —8.007 5 1.1243
2 0.443 8 -0.9775 1.1114 —0.554 8 0.1172 —0.008 1
3 —214.769 1 803.4459 29.494 0 2548.556 6 6272.941 4 —2715.2123
4 3.5756 —8.028 8 16.7115 0.0173 —5.5490 1.3283
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P=0.101 325 MPa, Y(H,0)=¥(CO,)=0.2

JEE IR Hifj
il Cip Ci3 Cia Cis Ci6
1 0.6799 -2.1226 2.808 4 -1.8722 0.6138 —0.078 1
2 —0.206 1 2.5250 —4.5954 3.864 9 —1.4836 0.2105
3 -0.5104 2.7692 —3.9413 27511 —0.9339 0.1204
4 0.2395 0.1657 -0.4772 0.414 6 -0.1730 0.028 4
— P=0.101 325 MPa, Y(H,0)=Y(CO,)=0.2
di din dis dis dis dig
1 70.593 2 —304.489 7 —11.098 5 —1280.6810 12 897.600 4 —3343.644 8
2 0.1478 -0.3191 1.0335 -1.1722 0.5300 —0.0833
3 —2.3763 13.2909 —18.2804 11.4715 —3.4548 0.403 1
4 -3.0672 16.193 1 6.4377 —17.784 1 7.5820 -0.9749
JEE IR Hifj P=0.076 622 MPa, Y(H,0)=Y(CO,)=0.2
il Ci2 i3 Cia Cis Ci6
1 —-0.0397 1.6470 —2.688 6 2.1092 —0.766 9 0.103 4
2 29351 —16.5383 22.8526 0.069 4 20.163 4 —56.7079
3 —2.5725 15.8538 —22.103 4 —0.5515 —20.002 6 56.686 7
4 0.1576 0.5875 -0.723 5 0.3676 -0.0956 0.0103
B R i P=0.076 622 MPa, Y(H,0)=Y(CO,)=0.2
di din dis dis dis dig
1 0.074 3 0.1193 0.1558 -0.3243 0.1599 —0.024 8
2 —20084.255 1 40889.3174 153580.116 4 319247135 —123519.2185 281067.1820
3 -90.877 2 —209.736 6 549.2517 —2934.964 3 58079.9915 —21903.0372
4 0.1547 6.3921 —8.178 7 4.7532 -1.4269 0.1790
JEE IR Hifj P=0.061 655 MPa, Y(H,0)=Y(CO,)=0.2
il Ci2 i3 Ci4 Cis Ci6
1 —3.766 8 17.7627 —30.3783 23.9250 —8.7790 1.2131
2 —7.723 8 20.9972 —22.4004 12.2929 —3.4253 0.3822
3 3.8802 -17.6191 314510 —25.7419 9.701 4 —1.3645
4 0.3770 -0.5194 1.298 8 -0.9513 0.2171 —0.008 3
R He P=0.061 655 MPa, Y(H,0)=Y(CO,)=0.2
di din di3 dis dis dig
1 77.3602 —97.9178 133.8655 —163.668 4 —846.4422 1276.6107
2 —0.005 8 0.0329 —-0.1135 0.1308 —0.0550 0.009 6
3 127.0390 —332.6142 —=79.600 2 902.964 7 —835.584 8 228.6320
4 3.4659 —-13.606 9 22.7628 —18.9659 7.7947 -1.2349
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Fig.5 Comparison among LBL method and different WSGG models
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