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Abstract

Computational fluid dynamics(CFD) analysis of the thermal flow in a municipal
solid waste(MSW) incinerator combustion chamber provides crucial insight on the
incinerator performance. However, the combustion of the waste bed is typically
treated as an arbitrarily selected profile of combustion gas. A strategy for
simultaneous simulation of the waste bed combustion and the thermal flow fields in
the furnace chamber was introduced to substitute the simple inlet condition. A waste
bed combustion model was constructed to predict the progress of combustion in the
bed and corresponding generation of the gas phase species, which assumes the
moving bed as a packed bed of homogeneous fuel particles. When coupled with
CFD, it provides boundary conditions such as gas temperature and species
distribution over the grate, and receives radiative heat flux from CFD. The combined
simulation successfully predicted the physical processes of the waste bed combustion
and its interaction with the flow fields for various design and operating parameters,
which was limited in the previous CFD simulations,
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Fig. 1 Interaction of the waste bed and
the gas flow region in the incinerator
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GAS FLOWFIELD :

Wall Conditions

Secondary Air, E> Energy, Momentum,Species Conservation }:> Turbulent Mixing,
+Turbulence, Radiation, Reaction Models

Temperature and Velocity,

Chemical Species and Reaction

)

COMBUSTION GAS:
T(x), V{x), Gas Species(x)

Bed Height, %
Bulk Density,
Fue! Properties

ﬂ

RADIATIVE HEAT FLUX(x)

Fuel Components, Temperature

E> Gas Species, Temperature
Bed height

x=0
(t=0)  PRIMARY AIR: T(x), V(x)

3

x = Grate Length
(L Waste Residence Time)

Fig. 2 Combined simulation method of the waste bed combustion

and the gas flow region.
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Fig. 3 Predicted waste bed combustion; (a) the radiation temperature at the top,
(b) gas temperature within the bed, (c) gas temperature and velocity at the top,
(d) gas species distribution at the top.
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Fig. 4 Temperature(a) and CO mole fraction(b) on the symmetric plane for Case 1



4.2 Case 2: Half height and half
residence time
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Fig. 5 Radiation temperature, bed height(a)
and gas species at the top for Case 2
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4.3 Case 3: Alternate furnace shape
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Fig. 7 Radiation temperature, bed height and gas species at the top of the bed for Case 3
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Fig. 8 Temperature(a) and CO mole fraction
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