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ABSTRACT

A system model of the combustion of lignite under conditions
pertinent to atmospheric fluidized bed combustor was constructed with
particular attention to the calculation of carbon combustion efficiency .
The attention was also restricted to large particles fluidized bed
combustion. The system model was based on the population material

balance on the particles of the system of fluidized bed combustor.

Under the specific features of the fluidized bed combustors
and assumptions, the subsystem models incorporated in the system model
were selected and modified. The rate of combustion was modified from
combustion theory of Avedesian and Davidson and applied with the Tanaka
radius of the reaction zone. The Merrick and Highley correlation was used

to estimate the elutriation rate. The fluid mechanic model was based

upon the two-phase theory Bubble diameter was predicted from the Cranfield

and Geldard correlation. The bed expansion correlation of Miller, et. al

for large particles bed was applied.



VII

The validity of the system model was tested by comparing the
predicted values of carbon combustion efficiencies from the system model
with experimental data.. From a 15-cm diameter fluidized bed combustor.

Two average sizes of lignite particles of 2.4 mm and 1 mm were used with
corresponding limestone particles of 1 mm and 0.6 mm based on approximately
the same minimum fluidizing velocity. The mixing ratio of limestone to
lignite was 1:1 by weight or 12:1 by mole of Caﬁs.' The results showed

good agreement.

The system model was simulated for the effects of bed
temperature, superficial velocity and coal feed rate on carbon
combustibles loss. These provide, with fair degree of confidence, the

operating trends of carbon combustion efficiencies with various

operating variables.

The system model was further simplified by testing the sensi-
tivities of the system model to certain subsystem models, variables,
and parameters. The results make the system model much simpler. This
simplified system model was developed for high gas velocities (B /U
between 3 and 5))mmch—excess air (between 100% and 300%) and large

particles fluidized bed which comprised about 99% by weight of

limestone particles.
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reactor cross section area, cm

constant in Merrick-Highley Correlation

. 3
molar concentration, gmole/cm

inlet oxygen concentration, gmole/cm3
Oxygen concentration in bubble, gmole/cm3
. : . 3
Oxygen concentration in particulate phase, gmole/cm
. 4 M 3
molecular diffusion coefficient, cm™ /s
bed diameter, cm
bubble diameter, cm
average bubble diameter, em
initial bubble diameter at the distributor, cm

maximum bubble diameter due to the total coalescence

of bubbles, am

diameter of smaller particle, cm
diameter of big particle, am
particle diameter, cm

average particle diameter, cm

particle size vith terminal velocity equal to fluidizing

velocity, cm
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gas dispersion coefficient in ash phase
carbon feed rate, gm/s

carbon overflow rate, gm/s

carbon elutriation rate, gm/s

mass velocity or mass flux

acceleration gravity, cm/s2

height of rising bubble from distributor
height of bed

constant

mass transfer coefficient, cm/s2

gas interchange coefficient based on bubble volume, s_l

elutriation rate constant, s_l

elutriation rate constant, g/cmzs

expanded bed height, cm

bed height at minimum fluidization

oxygen transfer rate to one particle

number of moles of carbon in a single particle
number of bubble / unit bed volume

moles of oxygen in bubble

number of orifice openings in the distributor
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Re, Re
p

ol

bp

Sh

air pressure

differential feed size distribution, cm =

differential overflow size distribution, cm-l

differential size distribution of elutriated particles,

cm~ 1

s ; ; -1
differential size distribution of particles in bed,cm

bed pressure

interphase gas=-exchange rate of bubble, cm3/s
particle radius, cm

shrinking rate, cm/s

radius of reaction sphere, cm

feed particle radius of size Ri

maximum particle radius

Reyn?lds number of excess gas velocity,jg(Uo- mf)dp//x
Reynolds number of particle

average particle radius in the interval R and R + AR

radial distance from center of particle

surface area perpendicular to mass flow from bubble to

particulate phase, cm2

Sherwood number of a single particle
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Schmidt number

temperature

residene time of burning char in bed
Superficial velocity o. fluidizing velocity
minimum fluidizing velocity

velocity of a bubble rising through a bed, cm/s

velocity of a bubble with respect to the emulsion phase,
cm/s

terminal velocity

minimum fluidization velocity of larger particles, an/s
minimum fluidization velocity of smaller particles, cm/s
minimum fluidization velocity of the mixture, cm/s
bubble volume, cm3

weight of coal in bed

weight of material in bed

the number of times that a bubble is flused out by through-

flow and diffusion passing through bed
mass fraction of particle size dpl

fraction of larger particle
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Greek notation

-
]

spericity

/A = viscosity of fludizing gas, gm/cm-s

‘carbon combustion efficiency

~
e
Il

density of solid, gm/cm3

Ps
Ps

emf = minimum fluidization bed voidage

I

density of gas , gn/cm
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