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Abstract :

The prediction of various emissions from coal combustion is an important subject of researchers and engineers because of

environmental consideration. Therefore, the development of the models for predicting pollutants very fast has received much attention from
international research community, especially in the field of safety assessment. In this work, response surface method was introduced as a
design of experiment, and the database for RSM was set with the numerical simulation of a drop tube furnace (DTF) to predict the spatial
distribution of pollutant concentrations as well as final ones. The distribution of carbon dioxide in DTF was assumed to have Boltzman
function, and the resulted function with parameters of a high R? value facilitates predicting an accurate distribution of CO,. However, CO
distribution had a difference near peak concentration when Gaussian function was introduced to simulate the CO distribution. It might be
mainly due to the anti-symmetry of the CO concentration in DTF, and hence Extreme function was used to permit the asymmetry. The
application of Extreme function enhanced the regression accuracy of parameters and the prediction was in a fairly good agreement with the
new experiments. These results promise the wide use of statistical models for the quantitative safety assessment.
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Fig. 1. Parameters to define a function,

Table 1, Actual values of the variables for the coded values

Variables -1 0 +1

Psize, A 80 100 120
Cgas, B 0.05 0.06 0.07
Wtemp, C 1100 1200 1300
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Fig. 2. Schematic form of Boltzmann function,

Table 2, Acquired parameters of Boltzmann function for CO,
distribution

ole|F

Table 3. Coefficients of
Boltzmann function

RSM analysis for parameters of

Al A2 x0 dx
Constant 0.027507 0.33711 0.3338 0.004189
A -0.00012 0.00031 0.00036 0.000096
B 0.360531 -2.28123 3.10416 -0.09726
C -0.000052 0.00026 -0.00046 0.000001
A*A 0 0 0.00001 0
B*B 0.289903 -0.80809 1.83232 -0.48185
C*C 0 0 0 0
A*B -0.00136 0.00413 0.00151 0.000481
A*C 0 0 0 0
B*C -0.00017 0.00086 -0.00201 0.000089
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& A7 ARANE HeE Zﬂﬂ/\] T s BE
ol Z A= f1o7] "ol ¥ s A
714 xsHATh
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Psize Cgas | Wtemp Al A2 x0 dx ]— ] T] H ]—H)\; E—JL Oﬂ ‘1 Zﬂ *o ]—011]_
3 A in| 14
1 6636414 006 | 1200 |-0.00447 | 0.45418 |0.12931]0.00937 Boltzmann 9h4>5 Hgoh= 4709] shetulel S A
b A}7F 3 2]
2| 120 | 007 | 1300 |-0.00317 [0.45129|0.16903 | 0.00993 Tt Alekgrell tisl Table 4o WERH ATt 37FA] A=
= T} 3T [e) 2 0, o]
3| 100 | 006 [1368.179]0.00518 | 0465 | 0.134 | 00104 270 B A 2z metulE o] @F7F 1% njRte s o
= e} S = A< I=Iava
4] 80 | 005 | 1100 [-0.00322]045841]0.14207 | 0.00902 ZES AT 5= %A, FAFSZE CO, B3
5| 100 [0043182] 1200 |-0.00408 |0.47057 | 0.13626 |0.00937 3t et ol & ST = ik dE
6| 8 | 007 | 1300 |-0.00478 |0.45146]0.13441 |0.01002
7 100 |0.076818| 1200 | -0.00251 |0.44057 | 0.17054 | 0.00947 Table 4, Case study for comparison between the real and
s | 80 0.05 | 1300 |-0.00606 |0.46977|0.11814 |0.01001 predicted values
9 120 0.05 1300 | -0.00382 | 0.46792 | 0.14971 | 0.0097 Sample | Psize | Cgas | Wtemp | values | Al A2 x0 dx
10] 100 | 006 | 1200 |-0.00332|0.45543 | 0.15366 | 0.00952 Exp. | -0.0047 | 0.46544| 0.1307 |0.00962
casel | 85 |0.05| 1200
1] 120 | 007 | 1100 |-0.00113 |0.43744 | 020613 |0.00934 Pred. | -0.0045 | 0.4652 | 0.1312 | 0.0095
12 100 | 006 |1031.821|-8.60E-04|0.44104 | 0.18337|0.00889 Exp. | 0.003 |0.45243| 0.1563 |0.00944
case2 | 95 |0.06| 1150
13 [133.6359] 0.06 | 1200 |-0.00213 |0.45252 | 0.19023 | 0.00966 Pred. | -0.0028 | 0.4518 | 0.1571 | 0.0093
14| 8 | 007 | 1100 |-8.07E-04|0.43503 |0.16823|0.00851 Exp. | -0.0033 | 0.44974 0.16103 | 0.00977
case3 | 105 | 0.07 | 1250
15 120 | 005 | 1100 |-0.00199 |0.45589 | 0.18061 | 0.0093 Pred. | -0.0033 | 0.4498 | 0.1607 | 0.0098
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Fig. 3. Validation of the Boltzmann function assumed by RSM
model for distribution of CO2 concentration,
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Table 5. Case study for comparison between the real and
predicted distribution

Sample | Psize | Cgas | Wtemp | YO Xc w A
casel 85 0.05 | 1200 | 0.5026 | 0.1390 |0.0101 [1362.39
case2 95 0.06 | 1150 | 0.4225 | 0.1666 |0.0095 [ 1210.98
case3 105 | 0.07 | 1250 | 0.2459 | 0.1721 |0.0099 | 1143.19
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Fig. 4. Validation of the Gaussian peak function assumed by
RSM model for distribution of CO concentration,
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Table 6. Acquired parameters of Extreme function for CO
distribution

Psize | Cgas |WtempC| YO Xc W A
1 | 6636 0.06 1200 | -1.14553 | 0.13635 | 0.00917 | 1248.0
2 120 0.07 1300 | -1.13903 | 0.17756 | 0.00909 | 1223.7
3 100 0.06 1368.18 | -1.15384 | 0.14021 | 0.00978 | 1392.3
4 80 0.05 1100 | -0.17348 | 0.14727 | 0.00802 | 1429.8
5 100 0.0431 1200 | -0.64892 | 0.14006 | 0.00883 | 1559.0
6 80 0.07 1300 | -1.14859 | 0.14299 | 0.00969 | 1183.1
7 100 0.0768 1200 | -0.81825 | 0.18093 | 0.00838 | 1083.2
8 80 0.05 1300 | -1.23228 | 0.1228 | 0.00988 | 1452.7
9 120 0.05 1300 | -0.85002 | 0.15475 | 0.00894 | 1490.9
10 100 0.06 1200 | -0.74738 | 0.16062 | 0.00872 | 1308.5
11 120 0.07 1100 | -1.12525 | 0.21569 | 0.00806 | 1073.5
12 100 0.06 1031.82 | -0.59374 | 0.1903 |0.00779 | 1203.3
13 | 133.63 | 0.06 1200 | -0.98974 | 0.19802 | 0.00846 | 1267.2
14 80 0.07 1100 | -0.93108 | 0.1763 |0.00803 | 1079.2
15 120 0.05 1100 | -0.68317 | 0.18682 | 0.00792 | 1371.5
A @9 xe AL RIS % Qlek AAE AREAGA
et S5 ATE Extreme T BARS}O] 7}
7350l atetu|ElE PO Table 63 Lt} o] 7o
714k y0o] A5 kAo s QoA s vk
of YleHR 09] g 7PAoRIER HofEfofi= u
goll mhE 22z & 4= Qlal 1% ofsfolth
Extreme ¢FrE FAshs 4719 HetulElE RSME
g3 slafoinl 7t setolele] 24 oM E AL 4
Q131 1 A%2 Table 70 LFERRSICY.
7t sfenjele] chabAle Abga ATkl R 3t B

)
W EAHOE FofskA setug ge BARE 4 9l
olar, w20l 45 918 okl Table 59} 22
3714 27N A] £ sl CO S RES

Table 7. Coefficients and P-value from RSM analysis for
parameters of Extreme function

YO0 Xc w A
Constant 9.444 0.30925 -0.00784 2817.1
A -0.022 0.00046 0.00007 -3.2
B -160.639 3.06198 0.053425 -39099.9
C -0.005 -0.00042 0.000014 -0.1
A*A 0 0.00001 0 0
B*B 22.382 2.1783 -0.49197 36232.9
C*C 0 0 0 0
A*B -0.036 0.00154 0.000294 344
A*C 0 0 0 0
B*C 0.124 -0.00186 -2.4E-05 14
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