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Research on the influence of different pulverized coal particle radiation models
on radiative heat transfer in a 600 MW supercritical opposed-fired boiler
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Abstract: In pulverized coal-fired furnaces, the heat transfer process is dominated by radiation. With the increase
in furnace size, the radiative contribution of pulverized coal particles becomes increasingly prominent. Notably, the
burnout ratio of pulverized coal particles exerts a critical influence on their radiative properties. However, most
existing numerical simulation studies tend to overlook this effect and set the particle emissivity and scattering
coefficient as constants. To address this issue, this study takes a 600 MW supercritical opposed-fired boiler as the
research object and employs computational fluid dynamics (CFD) to analyze the effects of three types of radiative
property models on the prediction results of radiative heat transfer. These models include the constant model
(emissivity and scattering coefficient remain constant), the linear model (radiative properties vary linearly with
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particle burnout ratio), and the Planck mean coefficient model (based on Planck mean emissivity and scattering
coefficient). The results indicate that compared with the scenario where both gas and particle radiation are
considered, neglecting particle radiation leads to an overestimation of the furnace peak temperature by
approximately 300 K. When particle radiation is taken into account, compared with the Planck mean coefficient
model, the constant model underestimates the heat transfer rate of the spiral membrane wall in the burner region by
about 9% and the peak value of the average wall heat flux by 12.5%, while the linear model results in an
overestimation of the peak value. These findings can provide a reference for the reasonable selection of radiative
property models in the numerical simulation of pulverized coal combustion.

Key words: pulverized coal combustion; numerical simulation of coal combustion; radiative heat transfer; particle
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Tab.5 Proximate and ultimate analysis of the pulverized coal

| ol
War(C)/% 60.27
War(H)/% 3.82
War(0)/% 5.82
War(N)/% 0.91
PRRHEE War(S)/% 1.00
War(M)/% 8.50
War(A)/% 19.68
Wear(V)/% 37.49
ALK 4 Quetarl (kI kg) 23360
BAIESE TorlC 1240
RIS 15 HALEE Tst/C 1250
IR Ter/C 1280

xR 6 BEMERESBESREMREZEXFR
Tab.6 Relationship between mass fraction and particle size
of the pulverized coal
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Tab.7 External input parameters of the model

93.87 80.30 61.70 4230 1870 7.80 320 1.20 0.50

o ik ol e beey

BRIBERE A — X 348 1.799 1.138
BRI — KA 348 1.799 0.654
PRIGEAF N IR R 607 1.508

PRIGEAR I — KR 607 6.564 30.0

PRI AP U 607 7.334 33.0

RIS RS KR 607 5.123 15.0

PR R LR 607 0.319

PHRR - URR, 607 3.688

MRS R A 607 2.080
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Tab.8 The simulated and measured values of the target
boiler parameters under typical working conditions
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Tab.9 Polynomial coefficients of the Planck-mean model

i Olabs,i,1 Qabs,i,2 Qabs,i3 Qabs,i4
D=1~5 ym
1 -0.032 15 0.3459 -1.142 -0.146 4
2 -0.1713 2.381 -4.253 4.982
0.032 62 -0.358 4 1.219 0.122 4
D=5~250 um
1 1.7X107 —7.84X10°° 0.011 72 -1.208
2 2.47X10° -0.020 31 9.236 -27.31
3 -1.67X107 7.6X10°° -0.010 40 1.270
i Osca,i1 Osca,i,2 Osca,i3 Osca,i4
D=1~10 ym
1 6.544104 -0.029 10 0.362 9 -0.7335
2 -0.010 32 -0.481 3 14.84 -12.53
-3.151X10* 8.981 1073 —0.100 8 0.596 7
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i Osca,i,1 Osca,i,2 Osca,i,3 Csca,i4
D=10~250 um

1 -2.761Xx 108 2.358X10° -6.887x 102 0.6911

2 1.541x10* —-0.087 58 12.62 —66.94

3 -5.681x 108 2.728X10° —-4.009x 103 0.199 8
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Fig.6 Temperature distributions inside the furnace under the individual or combined action of gas/particles
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Fig.7 Distribution of the absorption coefficient of particles and gas
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radiation characteristic models
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Fig.9 Flue gas temperature distributions on the furnace central cross-section and mass-averaged flue gas temperature profiles
along the furnace height predicted by three models
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Fig.13 Distributions of particle scattering coefficients predicted by different particle radiative property models
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