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Calculation of the Absorption Coefficient and Weighting Factor
Expressing the Total Emissivity of Flame
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Abstract

Using the shsorption coefficients and the weighting factors of the gray gas, the total emissi-
vities of CO;~-H,0 and CO,-H,0- transient species-soot gas mixtures can be expressed by the
following equation, e=_;‘_"‘a,~(1—e"¢)

Where, a: and K; rc:;resent the weighting factor and the absorption coeffient of {-gray gas
respectively; L is the pathlength of the gas. This equation is widely used for the analyses of
the radiation heat transfer in the combustors of internal combution engines and in the furnace
of external combution engines.

In this work, a simple calculation model of the weighting factor and the absorption coeffient
of the ahove equation was developed. The weighting factors and the absorption coefficients of
combustion products were calculated by applying the model to various kinds of fossil fuels
such as coal and heavy oil.

Then, the computed total emissivities for each fuel and pathlength were compared with
measured and calculated vslues which have been already published in the literatures.

The followings were the results obtained through the comparisons between the calculated
emissivites and the published values; the developed model for the calculations of the weighting

. factor and the absorption coefficient of CO,~-H,0 and CO,-H,O- transient species-soot gas mixtures
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could be applied over the wide ranges of the temperature and the pathlength; the errors between

the total emissivities calculted and the values published were maximum 10%, and average 1%,

respectively.
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H’J?l Fej XA Yepd & Yok
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- Excess Air 0. 05 0. 08 0.2
3 el A f |
¥ Total Pressure l 1 Atm. 1 Atm. } 1 Atm
:Z (bik):T"'1 (19-1)
= o, ) 13.11 1 8.65 | 1421
F(19-1)9 (b)) &= RS EFH T, K154 -~ .
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H.0 ] 12.51 | 19.17 ‘ 7.12
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Table 2 Values of the coefficients Ku and bux in the total emissivity equations for a CO,—H,0 gas mixture;
P.=P,=0,latm; Pi:=1atm; available temperature range=800~4,000°R; available pathlength
range=0, 3~150 ft

I X106 | Busx10T | buxiov
1] o | 0.357563 —4.77295 233220 | —2.69557
2 | oo0s028 | 0.131190 2.831940 ~0.977794 | 0.992962
s 3 I 0. 046952 i 0.243352 |  1.783050 | —0.888885 | 0. 928346
4 | 0453093 | 0164508 | -—0.0505255 | —0.21128 |  0.400675
5 | s7ses0 | o.0384 | o253 | 025311 | 0.364615
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Table 3 Values of the coefficients Ky and buv in the total emissivity equations for CO,—H.0 and CO,—
H,O—transient species-soot gas mixtures: Fuel=Bunker C Qil; P.=0.1311atm; P.=:0.1251 atm;
Pii=1.0atm; available temperature range=800~4, 000°R; available pathlength range=0, 3~150 ft.

| # | K| he | b0t | bex10t | buxion

1| o | o.306374 | —4751810 | 2336610 |  —2.682000
2 | oo0or934 | o.263649 | 1515110 | —0.549953 |  0.521355

€eso 3 | o067 | 0.0356175 | 4.189080 |  —1.682560 | 1.783710
4 | 0430673 | 0.305099 | ~1.426920 |  0.253473 |  —0.111083
5 | 4569411 | 0.0802566 |  0.474610 | —0.357504 |  0.489031
1] o | ossssez | ~3.077340 | 1513220 | ~1.737530
2 | o009 | o220 | n2ie2s0 | —o.4d25rs | 0419562
3 | ooses7 | o.0263 | 3371140 | 1354030 | 1435430

i 4 | 0430673 | o.2s527 | —1.148310 | 0203981 |  —0.0893952
5 | 4s56sa11 | 0.07m8285 | 0381943 | —0.287773 | 0.393547
6 | o | o256 | 0 o |0
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Table 4 Values of the coefficients Ku and by in the total emissivity equations for CO,—H,0 and CO,—H,0
—transient species-soot gas mixtures; Fuel=Coal Bit. East LV; P.=0, 1421 atm; P,=0.0712atm;
Piot==1atm; available temperature range=800~4, 000°R; available pathlength range==0,4~150ft

l M| Ky ] bis | Busxaor { bus X 107 { bug X 10M
1| o | osreze | —asaems0 | 234070 | 2.6774%
2 | 0043 | 0304045 | 2646730 | —1.019830 |  1.005380
Core 3 | o.0er017 | —0.0387353 3.268330 |  —1.327810 | 1454460
4 | oso0er | o.2eerer | —1.930150 | 0.507683 |  —0.421674
5 | 2504499 0.08768¢3 |  0.844383 | —0.500798 |  0.639350
1| o 0.400274 | —2.857530 |  1.385050 |  —1.584300
2 | o0.o010403 0.233881 |  2.035940 | —0.784480 |  0.773365
3 | oosrorz | —oom7969| 251410 | —rozua00 | 1118820
- 4 | o3ower | ozorszr | —1484730 | 0.300526 | —0.324364
5 | 250499 |  0.0674495|  0.649525 | —0.385220 |  0.401809
6 | | o.zs79 | o ) | o
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Fig. 6 Comparision of the sum of gray gas model
of the CO,—H,O misture total emissivity
with -the total emissivity computed from
C-E correlation(16); Fuel=Coal, Bit. East
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Fig. 7 Comparision of the sum of gray gas model
of the CO,—H,0—transient species-soot mix-
ture total emissivity with the total emissivity
computed from C-E correlations(16) ; Fuel=
Coal, Bit. East LV; P.=0.1421atm; P,=
0.0712 atm: Piot=1atm

SR i

Bao) 0,51t WA 150 ft FE RollA 5 kol A2 &
-2 &% ez ek

& el HEE Bob ERESHA Bttt fe
o the F K| dste C-Efite] HEHERS X Hi
o] WEE i a¥retgch

‘G{;—fc_E[

% Error=——"— %100 0
. Gy

9] Mol Al €= A& GRS FHERR, «-v C-Ejte]
FTERERE Vel gl
Table 5 & Table 6 & 77 Bunker-C g Hiiol
g & R SR C-Eibe HEME ol &KX
;e %ot FiHE %E Jeldx g
Table 5 Percentage differences between present and
C-E results for the total emissivity of H:O
—CQ, mixtures and H,0—CO,—transient

species-soot gas mixtures; Fuel=Bunker C
oil; Pathlength range=0.3~150 ft

€ctw €7
Temperature - I -
°R) Average| Maximum|Average, Maximum
% Error| % Error % Error| % Error

800 5.04 6.05 3.81 4.49
1,000 .11 7.33 0.83 2.91
1, 200 0.22 6. 04 0.15 2.36
1, 400 0. 30 3.74 0.20 2.32
1, 600 0.40 6.14 0.26 2.89
1, 800 0. 47 9.03 0. 30 3.65
2, 000 0.49 7.99 0.32 3.06
2,200 0.59 4.88 0. 40 1.73
2,400 0.51 5.75 0. 34 2.28
2,600 0.80 6.10 0.55 2.33
2,800 0.40 5.90 0.25 1.90
3,000 0.29 3.55 0.17 1.17
3,200 0.45 6. 85 0.27 2.17
3,400 1. 03 9.05 0.63 2.73
3,600 1.30 9.34 0.78 2.67
3,800 0.94 6. 89 0.56 1.85
4,000 0.77 7.84 0. 40 1.82

3¢l Table 5,6 1A & F 3l&ol ol & F It Abol2]
Bk MEE 10%E 97 o Fiy REE 1% 4
A BEE & F Ak
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oz TRET £ A R(3) 9 REEH F(R),
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Table § Percentage differences between present and
C-E results for the total emissivity of H,O
—CO, mixtures and H,0-—CO,—transient
species-soot gas mixtures; Fuel=Coal Bit.
East LV; Pathlength range=0.4~150ft

€cyu €T
Temperature :
C"R) Average|l Maximum|Average| Maximum
% Error\ % Error (% Error| % Error

800 5.79 8.93 4.02 4.81
1,000 1.55 6. 87 1.05 2.35
1,200 0. 42 7.34 0.26 2.28
1,400 0.32 6.88 0.21 2,11
1, 600 0.39 4,86 0.24 1.39
1, 800 0.43 8.97 0.25 2.17
2,000 0.35 2.64 0.20 1.26
2,200 0.40 5.28 0.25 1.22
2,400 0.33 6. 60 0.21 1.41
2,600 1.01 6.37 0.64 1.26
2,800 0.33 10. 49 0.19 1.97
3,000 0.20 6. 68 0.11 1.17
3,200 0.64 3.60 0.35 1.00
3,400 1.16 5.65 0. 61 1.48
3,600 1.37 6.09 0.70 1.50
3,800 0.96 4.03 0. 49 1.00
4,000 0.94 9.25 0.44 1.41

i

G(R), H(R) 304 HT KB R sty o] &
gty e, K HENAE REREE 9 @Y
AR Few rn & A471A B BURE
9 MMEEE o) 45t MEEH HRR shi2 MR
HES FHHESEE gt .
& B wRel C-Efte] FHEME Aoldl 27t
Wt 2 R P AP BE 2 RAEE
Aolel uldt MFEEHES It HERE KFst
e, C-Eite Stz 22 B HEXL o4
o] £ @E wek ucolk P EHEE HHEH
97 Wl Eovh, v A W BREe A EEN

B ol A AR e m BuAT BRI 4
sk,

#

6. %

A PIES @t & RS BEvshd 94t 2k
(D) #Rel =izl REE REY 7% HKEE
Kigel w3 MERHES vehis 497139 Bk
Rl 2 MEES s 3R 2d¢ #rRadE

@) CO,—HO—BEFMRT—A ] 5fs BEY
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