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A study on the bed combustion of solid waste
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Abstract

Waste combustion above a grate is the core process of incineration systems, stability of
which should be guaranteed for emission minimization. However, complicated reactions and
heat and mass transfer phenomena make understanding the process difficult.

One dimensional bed combustor with a numerical combustion model is utilized to
investigate the combustion process of the bed, using cubic wood particles as a simulated fuel.
Bed combustion behavior is characterized with apparent flame propagation speed, which has
close relationship with air supply rate and chemical and physical characteristics of the fuel
Base on the availability of oxygen, two distinct reaction zone is identified; the oxygen-limited
and the reaction-limited zone leading to the extinction by excessive convectidn cooling. The
numerical modeling shows good agreement with the experimental results. The transient bed
combustion behavior of local temperature and oxygen consumption rate is adequately
reproduced. The numerical model is extended to model the waste bed combustion of a
commercial incineration plant, which shows meaningful results as well.
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Figure 1 Physical & chemical phenomena occurring in waste bed combustion
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Figure 2. Flow diagram of the experimental apparatus
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Table 1 Experimental cases for solid fuel bed combustion

Air Supply Rate
C:Z}?:i/&s;) LHV(kcal/kg) Particle Size (m) pp.y
(I/min)
Case 1 5/10 2200 0.025 125
Case 2 25/10 1600 " "
Case 3 45/10 1000 " "
Case 4 “ " " 50
Case 5 25/10 1600 0.01 125
Case 6 " " 0.015 "
Case 7 " " 0.02 ”
Case 8 " ! 0.03 "
Case 9 " " 0.02 10
Case 10 " " " 50
Case 11 " " " 200
Case 12 “ " " 250
Case 13 ” " " 300
Case 14 5/10 2200 0.03 400
Case 15 " " " 550
Case 16 s " " 750
Case 17 i ! i 8350
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Figure 3 Numerical description of the bed combustion process
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dCpM,T,
—'(-th_( ) Qcamb(]) + Qevap(]) + (Qcond+ Hos + Qma’)(]) (Qcond+ Hgas+ de)(] + 1)

(1)
Qcomb(j) = (Qchar+ Qvo[+ QCO)(])
@, steoide @ 2 gd dge 98 2ok
Hgas(j+ 1) = Hgas(]) =+ Qvol(j) + QCO(]) + Qconv(j) (2)
A 2)8 Vel digstd 1A As5e] did A8 ojFojuid v 2}

depMz) 2 (]) Qchar(]) + Qevap(j) - Qconu(j) + ( Qcond+ Qrad)(j) - ( Qcond+ de)(]+ ]-) (3)

el A (2) 9 3)2 Euler 32 S ol &t Aol wet Atste] dgFa 7pxv)a o
AZE R Eold wE YA WMesEY @& AAstA |9 [15]

Table 2 Considered heat & mass transfer mechanisms in the computational model

Transfer Mechanisms Related Equation

Conduction between the particles O , —%M)
Heat Convection between the bed and the o (y=us.a,-7)
Transfer combustion gas Mt 241 1Re% P

Radiation between the particles & between
the bed and the chamber above the bed

Convective mass trans fer Sh=2+1.1Re 5c'?

dM, c,)
dx g

Two Flux Radiation Model

Diffusion and evaporation of moisture

) ) ‘ﬂ%= 5.16x10° exp(-=10700 /T, )M 0
Mass Pyrolysis (Blassi) !

M) _ _
Transfer T], =266 x10" exp(-12800 /T, M, _,
3 i . . ) ]
& Reaction  yar reaction (Smith) a l T Ca g
Volatile reaction (Siminski oo _ 59 8T, P(Coy o) *(Cy ) (- 12200/,
ac,

Carbon monoxide reaction EI L3I0 o, 0 7Co T e -1510517,)
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(a) Experimental results (b) Calculation

Figure 4 Transient temperature change at the 8 measurement point in the fuel bed
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(a) Experimental result (b) Calculation

Figure 5 Reconstructed temperature contour
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Table 2 Measurement result of flame propagation speed
Case Flame Speed (cm/min) Case Flame Speed (cm/min)
1 0.797 10 0.66
2 0.63 11 1.09
3 Extinguished 12 0.67
4 0.19 13 Extinguished
5 0.8 14 1.34
6 0.76 15 1.2
7 0.74 16 1.2
8 0.6 17 Extinguished
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(a) Effect of air supply velocity (b) Effect of particle size (c) Effect of calorific value

Figure 6 Effects of selecte parameters on the flame propagation speed in the bed
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—Calculation
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Gas Temperature (C)
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(a) Bed temperature contour (b) flue gas temperature above the bed
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(c) oxygen concentration above the bed

Figure 7 Prediction of waste bed combustion processs for a commercial waste incineration
system (Santos[])
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