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Abstract — A nonisothermal combustion model for a spherical anthracite briquette is developed and
studied on the basis of the unreacted shrinking core model. The feasibility region, in which the solution
must lie, is constructed and used for the prediction of the combustion characteristics. It turns out that the
bounding curves of the feasibility regi’on may be determined by analyzing the three limiting cases known as
the single ash layer model and the double ash layer model. This treatment enables us to find the upper and
lower bounds of the unreacted core surface temperature corresponding to various particle surface tempera-
ture. The solutions of the limiting cases provide expressions for the upper and lower bounds of the mdlar
fluxes of the reactants and products as well as those of the energy flux at the particle surface. Also examined
is the way how the feasibility region changes as the combustion proceeds. In the case of anthracite briquitte
combustion it is unlikely that multiple solutions may exist and it is deduced that the oxidation reaction of
carbon monoxide in the ash layer may be neglected when the particle surface temperature is sufficiently

high.
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Fig.1l. Schematic diagram of the unreacted
shrinking core model.
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Table 1. Numerical values for the physical and

chemical parameters.

ke=0.297J/m-s-°K
C35=Cgs= Okgmol/m’

D.=6.9X10"°m?*/s
C,5s=2.541X 10 "*kgmol/m*

Reaction ko; X107° E,x10"* -AH,X107?
R1 3007m/s 1. 494 2. 24 J/kgmol
J/kgmol  of 2CO
R2 8.107 1. 255 2. 82 J/kgmol
(kgmol/m*)~'“*/s  J/kgmol  of CO,
R3 4.016 m/s 2.477 -1. 70 J/kgmol
J/kgmol  of 2CO
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NOMENCLATURE
C; : concentration of component i in ash

layer, Ci cat unreacted-core surface, Cis at
outer surface of particle, kgmol/m3

D. : effective diffusivity in ash layer, m?/s

E, : activation energy of the jth reaction,
kJ/kgmol

AH,: heat of reaction for the jth reaction, kJ/
kgmol

k., : effective thermal conductivity of ash
layer, J/m.s.°K

kos frequency factor for the jth reaction rate
constant

k, : rate constant for the jth reaction

N, : molar flux of component i relative to
fixed coordinates, kgmol/mz.s

Q : energy flux with respect to fixed coordi-
nates, kJ/mz.s

r : radial distance from center of sphere, m

r. : radius of unreacted-core, m

R : particle radius, m

R. : rate of combustion defined by Eq.(11),
kgmol/m?.s

R, gas constant, kJ /kgmol.°K

R, : rate of the jth reaction

Greek letters

B: : dimensionless parameter defined by Eq.
(16),i=1,2

315t2E M 24P M1E 198641 2

) radial position of the flame front, m
€ porosity of the ash layer
& modified Thiele modulus defined by Eq.
(17),i=1,3
Subscripts
¢ value at the unreacted-core surface

S

value at the particle surface

1,2,3: species or reaction

Superscripts

AB:

10.

11.

12.

13.

region A or B
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