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Combustion Modeling of a Solid Fuel Bed with Consideration of
the Multiple Solid Phases

Won Yang®, Changkook Ryu”, Sangmin Choi®
ABSTRACT

In this study we propose an unsteady 1-dimensional model of bed combustion with
multiple solid phases, which confers a phase on each solid material. This model can be
applied to a variety of bed combustion cases of various configurations and ignition
methods. It contains fuel combustion, gaseous reaction, heat transfers between each
phase, and geometric changes of the solid particles. An iron ore sintering pot is selected
for verifying the model validity and simulation results are compared with the limited
experimental data set of various coke contents and air supply rates. They predict the
experimental results well and show applicabilities to the various system of the fuel bed
with various solid materials.
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a : coefficient of the air inlet velocity

A : area (m)

C, © specific heat (J/kg-K)

C : molar concentration (kmol/m”

D : gas diffusivity (m’/s)

d, © particle diameter (m)

E : activation energy (J/kmol)

fas ¢ fraction of the ash segregation

fv @ volume fraction

F . mass of char/initial mass of char

FFS : flame front speed (cm/sec)

h : enthalpy (J/kg)

h : convective heat transfer coefficient

h : enthalpy/unit volume (J/m")

k : thermal conductivity (W/m-K); rate coefficient
(/s)

kv : mass transfer coefficient (m/s)

K © equilibrium constant

M: volumetric mass generation rate {(kg/m’s)

m : mass fraction

JN=4dd

W : molecular weight (kg/kmol)
y : coordinate along the height (m),
of reaction heat absorbed by solid

fraction

Greeks

¢ : bed void fraction, internal pore
v stoichiometric coefficient

p : density (kg/m®

r . optical thickness

« : absorption coefficient

# - dynamic viscosity (Pa-s)

Superscripts
o ! imtial
* . equilibrium

Subscripts

b * blackbody

eff . effective

g : gas

1] : index number of the solid phases

i, j ¢ index number of solid component and

n : number density (/m"); packing parameter .

p : pressure {Pa) ga§ species

Q : heat (W) ip : internal pore

a : volumetric heat generation rate {(W/m" (f..irllxix:;;stone

5 universal gas constant (kJ/kg-K) r © Arrehnius reaction rate; reaction

I' ¢ temperature K s : solid, stoichiometric

t - time {sec) u ¢ unreacted

v © velocity (m/s)
WNkg FAIE £ Q3 plug flow 7S AMRE 7 27 ARESWE £F Qe Hom 7

plug
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Fig. 1. Various types of reactors for solid fuel bed combustion

o phase& Hoj3tA Hrt.

B AfoAdEs olgis Mde] &A% tF i
A mdyg £33, AN 2d HES
Agdez seotslys dHo] A&HE 423 XE
(sintering pot) ol Whdte ol & H L4t A
AnEe AgE HY oM Ay Azt vuH

At

N

(a) Single solid phase

(b) Muttiple solid phases

Fig. 2. Comparison of the multiple solid
phases with single solid phase

2. =g

1 des U FuHY

Fig. 3 "ﬂ" ‘:]'3‘ AL }
L}E}Lﬂﬁiq A REE
ol wEt + e
. °lE2 X5 7]A)’d(gas pha
£3 o] o|FojH}, HJ Zh—
EZ—lz‘s_)_- )d‘_jl} Hlos}o;] AgHE'O

2
f

=
N
ko
5
2:
tlo
W

H

2 ox

2 lo
o & il ox, o

é-.
o

k!
-

t}. DAl g B E A4
AEEE 71 49 54 ZES W$3iA ¥
o} A Aol e HEF 9 FGAgo]
]| ojlgg HUHES A 7hed nH
9] da A77F wEA Ha, o= ¢
(porous media)e} E4o] w3lgic}

. al
Aot
o

oXx

rl

)
)

.....................

Solid-gas reactions

Mass transport - drying & condensation
by sokd-gas reactions - char reactions

««««« .- - - {cOmbustion, gasification)
ﬁ‘" k * L‘"NOM dOOOMposmon
! L ﬁ Hea!!f.aosfe( biw.
{  Solidphass J ./

Gas-gas raact
combustion

wuler -gas shift re: g

. gas conduction

H/ solid phase

I doattrabstor bw, oM™
solid phasas

Fig. 3. Major phenomena in the solid fuel
bed with consideration of the multiple solid
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Solid Phases
Phase iron ore Cokes Limestone
Mf(%) 832 3.8 130
Moisture(%) 70 7.0 70
el 0.025 0.025 0.025
Total mass 35 kg
Porosity 0.4
Other input Parameters
Time(sec) 90 n 0.6
” vin{rn/s) 4 Drying) 09
tgniton 17400 | v [ChR* | 06
AP(mmAg) | 1000 LimD*| 07
Cell # 57 fas 4]
Timestep 1s6C

Table 1. Major input parameters
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“IRQ : Iron Ore, *COK : Cokes, *LIM : Limestone

Particle diameter AP ini.m of Vairjoavg
Case (mm} Cokes | (arbxtrexfmfs)
o ook [ow | ™™ ) 2l b [ o
Coked 4 34
CokedB8| 32 | 16 | 32| 1500 [ 38 |0a32
Coked.2 a2
e I R T Rl
dP12001 30 | 16 |32 120 | 55 |22
dP1500 2% Mmoo | *° [o28)
dP2000 2000 034
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