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ABSTRACT

Mathematical models for char-slag interaction and near-wall particle segregation developed by Montagnaro
et. al. were applied to predict various aspects of coal gasification in an up-flow entrained gasifier of commercial
scale. For this purpose, some computer simulations were performed using gPROMS as the numerical solver.
Typical design parameters and operating conditions of the commercial gasifiers were used as input values
for the simulation. Development of a densely dispersed phase of solid carbon was found to have a critical
effect on both carbon conversion and ash flow behavior. In general, such a slow-moving phase was turned
out to enhance carbon conversion by lengthening the residence time of char or soot particles. Furthermore,
it was also found that guiding the transfer of char or soot into the closer part of the wall to coal burner
is favorable in terms of gasification efficiency and vitrified ash collection. Finally, to a certain degree densely
dispersed phase of carbon showed an yield-enhancing effect of syngas.

KEY WORDS : Coal gasification(%] €t 7}223}), Entrained gasifier(i-+% 7}223}71), Solid-slag interactions
(FAW2-YAF 7+ 45 =-8), Computer simulation(Z4F ZAR

Nomenclature D : inner diameter of gasifier, m
F : mass flow rate or mole flow rate, kgs'1
C : concentration of solids or gaseous species, or molem>s!
kgm™ or molm™ Fg ¢ quantity defined by Eq. 47
d : diameter of particles, m K : equilibrium thermodynamic constant

eq
T - kyse : kinetic constant of reactions involving
Corresponding author : 97102643 @kepco.co.kr (C)-0 complex, Pa’'s”
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k : bulk-to-wall mass transfer coefficient of
particles, s

k, : parameter in the expression of k,,
m’'s™

L : length of the gasifier, m

P . partial pressure, Pa

P . gasifier pressure, Pa

Q : gas volumetric flow rate, m’s”

R . gas constant, 8.314 Jmol 'K

Ty . rates of steam and dry gasification reactions
at each phase, l(gm'3s'1

S . gasifier cross-sectional area, m’

T : gasifier temperature, K

u . impact velocity of particles, ms'

v : velocity, ms”

w : molecular weight, kgmol’1

x : progress variable of water-gas shift reaction,
molm™

X : carbon conversion

z : axial coordinate of the gasifier, m

« . parameter in the kinetic expressions

Jé] . parameter in the balance equations on
gaseous compounds

o* : parameter in the expression of &,

A : mass fraction in char

ol : parameter in the expression of r

Vi, 0fewal: TASS flow of H,O per unit mass flow
of coal

YO/ - TASS flow of O, per unit mass flow of
coal

1 : slag viscosity, kgm’ls'1

p . density, kgm'3

¢ : variables defined by Eq. 19, Eq. 20

: maximum mass of char converted to

CO; in unit time divided by mass
injection flow rate of coal

1) : mass fractions of volatile combustion
products

¢>"‘”" : mass of char involved in combustion
reaction per unit time divided by mass
flow rate of coal

= : variable defined by Eq. 14

X : step functions defined by Eq. 24
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Subscripts

: relative to carbon in char or soot

: relative to backward reaction

: relative to entrapped carbon regime

: relative to forward reaction

: relative to segregated carbon
with incomplete char-coverage
ash layer

SC  : relative to segregated carbon regime

with extensive carbon coverage of the

ash layer

™Y Q

regime
of the

Superscripts

: relative to dense-dispersed phase
: relative to gasification reactions
in : relative to initial feeding
l : relative to lean-dispersed phase
: maximum value
s : relative to slag
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