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Abstract — The present study is described of the flame structure of one-dimensional, flat, premixed, laminar,
coal-air flame with some addition of methane for the flame stability. A low pressure burner operating at a
combustion pressure of 0.3 atm was employed in order to extend the reaction zone. Predicted results from
the models considered in the present study are compared with experimental results. Comparisons are
included gas temperatures, species concentrations, char analysis and measured burning velocity. Among the
models, Model III*-d, which specified devolatilization rate constants and a char surface area factor S=4,
resulted in" good agreement within the present experimental ranges. The results of char analysis suggest that
the extent of the reaction occurring on the particle might be underestimated in the model so that the char
surface area should be increased. A value of 4 for this factor was given by sensitivity analysis of changes in
char surface area. Again, model III*-d gave satisfactory predictions of burning velocities over most of the
experimental range studied. It has been clearly shown that the particle diameter appreciably affects the rates
of devolatilisation and char oxidation through the effects of thermal lag and volumetric reactive surface area,
consequently laminar burning velocity.
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Fig., 1. Low pressure burner.
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Proximate analysis (wt.%)

Ultimate analysis (wt.%)

As-received dry daf daf without sulphur
Fixed carbon (F.C) 475 49.38 62.67 C 84.5 85.42
Volatile matter (VM) 28.3 29.42 37.33 H 49 495
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Moisture 3.8 N 1.83 1.85
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Fig. 4. Devolatilization scheme and product composi-
tions.
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Table 2. Experimental measurements for coal-methane-air flames at 0.3 atim pressure.

Overall Coal  Added Gas phase Mean Initiat Measurements (YES/NO)
Exp. . loading CH, Eq. . coal gas temp.
Cond, M " Traio PN giameter () Temp! 0, CO CO, No P Buming Paricle
1atio Oy, kg/m)  dpcm Doas (mm) T, analyses velocity' size
1 1859 00416 0458 0.770 36 203 YES YES YES YES YES YES YES YES
2 1902 00445 0405 0.743 36 293  YES YES YES YES YES NO YES NO
3 1983 00470 0398 0.756 36 293  YES YES YES YES YES NO YES NO
4 2053 00497 0376 0.758 36 293  YES YES YES YES YES NO YES NO
5 2098 00523 0338 0.742 36 203  YES YES YES YES YES NO YES NO
6 2205 00550 0347 0.773 36 293  YES YES YES YES YES NO YES NO
7 2282 00577 0333 0.781 36 293  YES YES YES YES YES YES YES NO
8 2477 00594 0437 0.894 36 293 NO NO NO NO NO NO YES NO

"Measured by Bradley ez al. (2001).

Table 3. Sub-group of Model III* (depending on the rate constant).

Model III* Rate constants

Model III*-a
Model III*-b
Model III*-¢

kv, global=1 0ox10° exp(_lzooofrp)(presem work)
K, gop=5.0x10° exp(~8907/T,)""
K, gonw=2.3%10" exp(~27678/T,)"™"

K, u=8.57x10" exp(-2T4TT/T)17, K, y=2.51x10° exp(—12028/T,),

Model II*-d

K, non=2.3x10" exp(—29188/T )", k, u,=1.0x10"" exp(—45292/T,)*,
K, co=1.58x10° exp(~8420/T,)%%, k, coi=1.26x10° exp(~6014/T,)),

K, 120=1.0x10" exp(—17614/T,)**

Model IIT*-e

K., gora=1.0x10" exp(-21649/T)*
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Fig. 5. Effect of changes in S on the modelled pro-
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Table 5. Effects of changes in particle diameter on predicted values of S..
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