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Experimental and Numerical Study on the Gas Mixing and Reaction
in the Freeboard of a Fluidized Bed Incinerator for Sludge Treatment

Youngmin Kim, Donghoon Shin and Seung-Sik Hwang

ABSTRACT

The present study investigates the combustion phenomena in a sludge incinerator using experimental and nu-
merical method. The temperature and gas concentration were measured at 33 points during operation of the
incinerator in order to assess the mixing and combustion characteristics. Numerical simulation was also carried
out using a commercial CFD code. Simplified inlet conditions were introduced in oder to predict the bulk solid
combustion and the diffusion of the volatile matter released by pyrolysis of sludge. The experimental results
showed that the combustion process is extremely inhomogeneous. Large variations were observed in the tem-
perature and gas concentrations in the freeboard of the incinerator due to poor mixing performance between the
air and the combustibles, which is caused by massive and bulk generation of volatile matter by fast pyrolysis
of sludge particles. The boundary condition of the CFD simulation was found effective in predicting the poor
mixing and combustion performance of the reactor.
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Table 1. Waste characteristic

Paper sludge 328 ton/day
\i):f;s:te Polymer waste 125 ton/day
Sum 453 ton/day
Paper sludge 468.9 kcal/kg
LHV Polymer waste 2182.9 kcal/kg
Average 942 kcal/kg
Proximate Water Ash Combustible
analysis 54.7% 16.5% 28.8%
Ultimate C H 0] N S
analysis | 14.46% | 1.84% | 12.2% | 0.33% | 0.07%
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Fig. 1. Shape of Incinerator.
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Table 2. Inlet boundary conditions
Inlet 1 Inlet 2 2nd Air
Inlet
Velocity (m/s) 0.987 0.9825 16.7
Temperature (C) 700 700 80
CHas 0.03 0 0
Gas 0, 0 0208 | 0233
composition CO, 0.1 0.1284 0
(Wt.%) H,0 0.3 0.0713 0
N2 0.57 0.5923 0.767

Fig. 10. Grid.
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Table 3. Reaction rate constants

Reaction A, (1/sec) E. (J/kgmol)
CH, + 1.50, — O+2H,0| 5.012 x 10" 2 x 10°
CO+0.50,— CO, | 2.239 x 10" 1.7 % 10°
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Table 4. Measured data at Level 1 of the freeboard

Point | Probe | Temp 0 CO NOx

NO. | insert (C) (%) (ppm) | (ppm)
3 m 1060 5.51 842 139

1 2 m 970 5.81 1121 152
I m 980 - - -

3 m 972 5.95 747 101

2 2 m 987 6.57 875 108
I m 975 - - -

3 m 1070 5.84 2010 150

3 2 m 1100 5.18 1192 155
I m 1045 5.95 1088 159

3 m 995 6.9 422 188

4 2 m 973 8.73 61 167

I m 955 7.19 307 104

Average 1007 6.36 866.5 142.3

jéi?iiri 483 | 104 | 5479 | 29.16
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Table 5. Measured data at Level 2 of the freeboard

Point | Probe | Temp 0 CO NOx
NO. insert | (C) (%) | (ppm) | (ppm)
3m | 975 | 129 | 55 | 275

s | 2m | 95 | 124 | 22 | 255
Im | 995 | 1.19 | 39 | 263

3m | 985 | 049 | - 128

6 | 2m | 1110 | 125 | 1312 | 1el
Im | 90 | 047 | 3962 | 154

Average 9983 | 645 | 1078 | 206
jeti?;?;i 5618 | 629 | 1704 | 65.15

Table 6. Measured data at Level 3 of the freeboard

Point Probe | Temp 0, CcO NOx
NO. insert | () (%) | (ppm) | (ppm)
3m | 988 | 228 | 4714 | 94
7 2m | 941 | 1.03 - 80
Im | 878 | 047 | 3621 | 108
3m | 900 | 445 | 1359 | 91
8 2m | 960 | 355 | 2740 | 121
Im | 860 - - -
Average 921.2 236 | 3108.5 | 98.8
S;av?:tir,i 4984 | 167 | 14185 | 15.93

Table 7. Measured data at Level 4 of the freeboard

Point NO. Probe insert Temp. (C)

3m 920

950

955

950

990

990

760

838

2
1
3
10 2
1
3
2
1

2|B|B8|E|B|B|B|B

Average 910.5

Standard deviation 79.4
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Table 8. Comparison of CFD results with the experi-
ment

Temp. (0} CO NOx
(©) (%) (ppm) | (ppm)
CFD| Exp. |CFD|Exp. |CFD| Exp. | CFD| Exp.
Avg.| 949 [1007| 6.4 |6.36 |49.8 | 866 | 195 | 142

1 Std. 47.9 1483122 | 1.04 | 260 | 547 |22.3 [29.16
Dev.

Avg.| 999 [998.3(7.04 | 6.45 | 556 |1078| 177 | 206

2 Std. 77 156.18(2.95(6.29 | 893 | 1704 |45.1 | 65.2
Dev.

Avg.| 959 19212 9 |2.36|913 |3108| 127 | 98.8
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Fig. 11. Velocity vector (m/s). Avg.| 882 910.5) 12
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Fig. 14. Temperature distribution (K).
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Fig. 15. NOx concentration distribution.
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