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Abstract

The main mode of heat transfer of combustion gases' at high temperature is thermal radiation
of nonluminous gases, CO, and H,O. Therefore the information of the emissivities of CO, and
H.O would be very important in the thermal performance analysis of furnace. In this study,
an exponential model for the emissivities of CO, and H;0 was derived as function of P,L and
polynomial of reciprocal of temperature. That is,

Error analysis between the calculated values from present model and the values of Hottel Chart
was performed over temperature range of 1000~5000 R and a partial-pressure-length product
range of 0.003 to 20 ft-atm.

For CO, gray gas, the error percent between the calculated values and the values from Hottel
Chart was distributed within 2,5% in case of using a polynomial in 1/T of degree 4. For
H,O gray gas, the model has an error range of 0 to 2.5% in case of using a polynomial in
1/ T of degree 3.
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Table 1 Values of the constanis 7., and & in equation (17) for CO, gray gas, @i=7io+70u1/7+743/7%,

=T K/1000, PsL=cm atm.

N Tio Tin Ti2 ks
1 0. 4114771 -0, 1191224 0. 02654507 0. 0003647
2 —0. 00570993 0. 1751408 —0. 0850763 0. 0036330
3 —0. 0114724 0. 1439534 —0. 06216872 0. 0310
4 —0. 00539995 0. 07096846 —0. 027158105 0. 1496
5 —0. 03176933 0. 1269945 —0. 05171511 1.036
6 —0. 00797345 0. 02744371 —0. 00596318 7. 806

Table 2 Values of the constants yi,, and & in equation (17) for CO, gray gas, @i=7:,0+7i,1/T+702/T3+

7‘13/7'31 =T K/1000, P.L=cm atm.

N‘ Tiro 7Tin Ti2 Tiss k;
1 0.4114711 —0.11911224 0. 0265407 - 0. 0003647
2 —0. 1824832 0. 8685347 —0. 8188864 0. 2253813 0. 003633
3 —0.07770912 0. 4130442 —0. 3665191 0. 09878845 0.0310
4 —0. 0294800 0. 1702040 —0. 1423403 0. 0381592 0. 1496
5 —0. 03768278 0.1527180 —0. 08346745 0. 01091601 1. 036
6 —0. 00346328 0. 006393768 0. 02257021 —0. 01061336 7. 806
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Table 3 Values of the constants 7.,; and k: in equation (17) for CO, gray gas, ai=7i0+71,1/7+ 102/ +
Tus/T+70d/7, =T K/1000, PcL=cm atm.

i Tiro Tin T iz Tirs Tira k;
1 0. 4114771 —0.1191224 0. 0265451 - - 0. 0003647
2 ~0. 1874957 0. 8950949 —0. 8657413 0. 2581601 —0. 0078304 0. 003633
3 —0.1736316 0. 9294681 ~1. 295731 0. 7644727 —0. 162644 0. 0310
4 —0. 0037878 0. 0315129 0. 1090557 —0. 1429214 0. 0444528 0.1496
5 —0. 0139446 0. 0181269 0. 1719281 —0. 1793469 0. 0477589 1. 0361
6 0. 0066593 —0. 0538770 0. 1438112 —0.1064498 0. 0253044 7. 806

Table 4 Values of the constants 7.,; and A in equation (17) for H:O gray gas, ai=7i0+7:1/0+7i2/7?
t=T K/1000, P.L=am atm,

i » j Tiso Tin Tirz ki
1 0.0141073 0. 5928425 —0. 22584130 0. 0082352
2 —0. 05889870 0. 2642_632 —0. 08552752 0. 071972
3 —0. 00201229 0. 02520694 0. 00894706 0. 50574
4 ~0.01077463 - 0. 01068194 —0. 000238125 4.1788

Table 5 Values of the constants r;,; and &, in equation (17) for H,O gray gas, ai=7i,0+7i1/T+74,2/0%+
ruy/t% =T K/1000, P.L=cm atm.

i j Tiro Tin ii.z Tus ki
1 ' —0. 0591638 0. 8932018 —0. 5719211 0. 1145219 0. 0082352
2 —0. 1198696 0. 51€8355 —(. 3838696 0. 1006553 0.071972
3 0. 02965407 -0. 1167801 0. 1932530 —~0. 06682821 0. 50574
4 —0..01225271 0. 01525528 —0. 00468856 0. 00151498 4.1788
o] t}. Table § Symbols representing error percent range
Symbols Error range
5 FE Aol NN MMM K A
e} 0 <Error(%)< 2.5
_ ® 2.5<Error(%)< 5.0
COI H HZO Ré%ﬁg“ &ﬂ* ﬁl*s“ 31"‘ lu l:] 5.0<Err0r(%)£ 7.5
i o Ax dudtn JeAE $487 94 n 7.5<Error(%)< 10.0
4] (25)¢] BESHAE o434+ A 10. 0<Error (%)< 15
Error (%) = l____‘-"‘c X100 (25) A 15 <Error(%)< 20
€= | $ 20 <Error(%)< 30
A, S 30 <Error(%)< 50
=4 %3 BHE / 50 <Error(%)<100
e.=A| ALY BUHE X 100 <Error(%)

A WRAAE €= U4 1000°R)A 5000°R, P.L
W4 0.003 atm-ft o] 4] 20 atm-ft Apooil.q A A}k2] s}
AR & vz 43549+
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5.1 CO, el BME Hin
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Fig. 5 Results of error analysis between the values

X

X SERov 2 RE

8] &5 9 Pl 9 i{lelA A=t 4% Aol9
2347} 5% olledl Fxsol lsict. MEMES AL
40| £4 Al €29 =Kk FHAIH & W

R M+ 229 WX



PRRUS B AR 3% FR 911

qojojolejejmicjeivinjuiaje]ojo]o e
10—\099.0000000..05I.
Jojslelc|e|ejoje|ele]ele|o|alc]a]a
BleX{ 2L JieRied R  Bfeod eRielieiod] TTei-RI]
Jolololojojojeje|eje|e@io|o]|o{o|O|0
Toloclolololejelele el I0Ic0
t.oJofojolojojela e |00 |@®i0[0]0{0]0]|O
~— [oX [»1 o] I!]] [e]{e]
& dJololololelele]e D 0]0]0
" +40J0jojo @joje}e ojojolole
8 Jelojele[clo[slol® 1 Blo[s
£ Jelololelo]elelo]o[0lol@]olalo]a ]2
K {ololele felel®lolo oislAlo|B|a
»o.1 4ujole|®]clelel0l0[®lo]w]alA1ATATa
- L 32023 ERLIEILILILY .
£ 4ulololelole 10000
2 4s[Olplois|o[siojo|wjoim
& -“o{Ololsjajwia]a]ala
4, Jele[s|clalalafeo
« Jjelo[alalalale
0.00 —4O|oalalel
<“0lmlAalA
Jolwla
L O L I YT T rrtrror

-
o -
=Y

200 300 400 500
TEMPERATURE [R/10 or (9/50)k]

Fig. 6 Results of errer analysis between the values
of hottel chart and the calculated values of
equation (22) for H,O emissivities
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Fig. 7 Rseults of error analysis between the values
of hottel chart and calculated values of eq-
uation (23) for H;O emissivities
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