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Abstract:

To improve the performance of the stoker-type incineration system, JFE Engineering has developed the numerical
simulator to understand the combustion behavior in the incinerator. In the first step, the suitable reaction mechanism
for combustion was selected. In next step, by using the three-dimensional entire incinerator model, temperature and
CO concentration was calculated and compared with measured temperature and CO concentration in actual plant. As
a result, calculated values agreed with measured values. It showed that this numerical simulator is appropriate for an

analysis of the combustion behavior of the stoker-type incineration system and is useful for a development and design

tool.
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Fig.1 Two way gas flow incinerator
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Photo 1 Photograph of flame in incinerator
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Fig.3 Two-dimensional domain of calculation
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Table 1 Calculation conditions
Case Case A | CaseB | CaseC | CaseD
Reaction model GRIL.2” |DRM19® | DRM19? | Yetter”
Number of species 32 21 21 13
Number of elementary reactions 177 84 84 35
X (m)| 0.01 0.01 0.01 0.01
Mesh size
Y m)|  0.04 0.04 0.04 0.04
Number of meshes 5054 5054 5054 5054
Velocity (m/s) 0.5 0.5 0.5 0.5
Temperature ~ (C) | 1000 1000 1000 1000
H: 0.003 0.003 | 0.009 35 | 0.009 35
CHy 0.017 0.017 0 0
CoHy | 0.017 0.017 0 0
Pyrolysis gas
Mass co | 013 013 | 0.18704 | 0.187 04
fraction CHO 0 0 0 0
CO2 0.239 0.239 | 0.23061 | 0.230 61
H20 0.20 0.20 0.192 81 | 0.192 81
N: 0.394 0.394 | 0.380 18 | 0.380 18
Velocity (m/s) 1.0 1.0 1.0 1.0
Temperature  (°C) 250 250 250 250
02 0.16 0.16 0.16 0.16
Oxidizer
Mass COq 0.09 0.09 0.09 0.09
fraction H:0 0.08 0.08 0.08 0.08
Na 0.67 0.67 0.67 0.67
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Table 2 Comparison of calculation time

Reaction model | CPU time/Iteration 40 000 Iteration
GRI1.2" L77s 19h
DRM 19° 0.81s 9h
Yetter ? 045s 5h

CPU: Xeon5355 (2.66 GHz) X 2
Fluent: Parallel X 4

1527
1463
1399
1335

952
889
825
761
‘ 697
633
569 l
505
442
378
314
w | Case A Case B Case C Case D

Max.Temp. | 1521C 1490C | 1545C 1424C
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Fig.4 Comparison of temperature distributions and maximum
flame temperature
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Table 3 Calculation conditions
FDF
. FDF (Air
(Pyrolysis gas) (@i RDF |HADF| CDF
Drying| Comb. | Drying | Comb. | Post
FF;;’;V (Nm®/h)| 5250 | 5250 | 1828 | 2614 | 786 | 3100 | 2100 | 2710
Temp.  (C)| 600 | 600 | 60 60 | 60 | 154 | 220 | 20
He (wol%)| 114 | 114 | 0 0 0 0 0 0
CO  (vol%)| 163 | 163 | © 0 0 0 0 0
CO:  (vol%)| 128 | 128 | 0 0 0 |119| 63 | 0
HO  (vol%)| 262 | 262 | 0 0 0 | 210|111 | 0
02 (vol%)| 0 0 | 210 | 210 | 210 | 40 | 120 | 210
N2 (vol%)| 333 | 333 | 790 | 790 | 790 | 63.0 | 705 | 79.0

FDF : Forced draft fan

HADF : High-temperature air draft fan
Drying : Drying zone

Post : Post-combustion zone

CDF : Cooling draft Fan
RDF : Recirculated draft Fan
Comb. : Combustion zone
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Fig. 8 Temperature distribution (A-A' Cross section in Fig. 6)
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Fig. 10 Comparison between calculated temperature and
measured temperature
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Fig. 11 Comparison between calculated CO concentration
and measured CO concentration
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