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Numerical Simulation on High-temperature Gasification and Melting Furnace for Solid Waste

Xiaoping LIANG, Hiroshi NOGAMI, Jun-ichiro Y AGl, Shinichi 1sS0zAK1 and Tsuneo MATSUDAIRA

Synopsis : Currently, a number of waste treatment technologies have been developed. Among them, melting treatment has drawn more and more atten-

tions due to merits such as low environmental pollution, high volume reduction and widespread treatment capacity for various waste materials.

In this study, a two-dimensional mathematical model of high-temperature gasification and melting furnace was developed. This model con-
siders motion; heat transfer and mass transfer of gas, solid and liquid phases in the furnace. Furthermore, this model did take into account the
possible chemical reactions and phase transformations. The governing equations include inter-phase exchange of mass, momentum and heat,
and consist of strongly coupled set of simultaneous partial differential equations. The model was applied to a gasification-melting furnace
having packed bed for gasification and melting of wastes, and freeboard for secondary combustion of pyrolyzed gas. The computational re-
sults clearly showed regions of gasification, combustion and melting in the furnace as well as the flow field distributions of temperature, com-

ponent concentration and other process variables.
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Fig. 1. Schematic diagram of waste gasification and melt-

ing furnace.
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Table 1. Summary of variables, effective diffusivity and source terms.
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Table 2. Composition of charged materials.

Material Composition
Coke Moisture, Carbon, Ash
Limestone Moisture, CaCOs, Ash

Municipal solid waste | Moisture, Combustible, Ash

Moisture, Combustible, Ash

Incineration ash
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Table 3. Chemical reactions and phase transformations.

Reaction No. i Region
CGH+1/20:=CO 1
Combusti CK
ombustion | o) 1+ 0, = CO, 9
and -
gasification Cl +CO.=2CO 3 CK
C@) + H20 = CO + Hz0 4
ONA) + .
Combustion CaHONAD + ¢ O 5 | WAIA PB
=fCO+gHz+ AN: )
dec?,;f;f,’;‘;’tlion CaCOs(i) = CaO®) + CO, 6 LS
M CaO() = Slag(l) 7 LS
elting
Ash() = Slag() oK W,
Evaporation | H20() = H;0(g) CI_% V{f:’
CO(g) + 1/2 Oy(g)= COxAg) 10
PB,
Gaseous CO(g) + H20(g) = CO(g) + Ha(g) 1 FB
i
Hx(g) + 1/2 Ox(g) = H20(g) 12 |

CK: Coke, WA Municipal solid waste, LS: Limestone, IA: Incineration ash,
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PB: Packed bed, FB: Freeboard
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Table 4. Properties of solid materials.

. . Thermal Specific
Dlan(it)er ](Dke n/f:‘t% conductivity heat

g (Wim'K) (kg K)
Coke 0.035 1040 11.4 1630

Municipal

solid waste 0.005 900 1.7 1270
I"C";‘;‘”}f“"“ 0.010 2700 17 1050
Limestone 0.007 2700 0.93 840

Table 5. Charging condition of solid materials.

Feed Composition (wt%)
tio Combustible Temp.
ra stible
H:0 | Ash CaCO (K
o | | TH] o N| ¢
Coke 17.8 | 0.5 {11.85187.65 298
Municipal
solid waste 48.1 | 30 | 13.8 | 30.86|4.32 |19.42| 1.6 298
Incineration | 156 | 16 | 952 | 1.8 | 03 | 11 298
Limestone | 15.5 | 0.5 | 5.4 94.1 298
Table 6. Blowing condition.
Feed Composition
. Temp. | Pressure
ratio ) (Pa) (Vol.%)
(Vol.%) ! 0, N,
Main tuyere 47.8 383 11600 323 67.7
Sub tuyere 36.1 298 700 21 79
Tertiary tuyere 16.1 298 700 21 79
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Fig. 2. Calculation domain and grid arrangement.
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