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Abstract— The effect of system pressure on the performance of a pressurized fluidized bed coal combustor(carbon
combustion efficiency, bed carbon loading, gascous concentration profile) has been studied by a PFBC model. The behavior
of bubbling bed of Geldart B group does not change by pressurization. The more increase in the carbon combustion ef-
ficiency can be obtained by pressurization at conditions of the lower temperature and higher gas velocities. At the bed tem-
perature of 7(0°C, 5% increase in the carbon efficiency can be obtained with 15atm. The carbon efficiency increases due to

larger vxvgen concentration. whereas the bed carbon loading also slightly increases with an increase in system pressure.
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Table 1. Input data used in this simulation study
Proximate and ultimate analyses of lignite(as received)
FC 71.0 C 44.8
VM 273 H 4.1
Moisture 0.0 N 0.2
Ash 1.7 S 4.4
Size distribution of feed coal particles
Size interval Mean size Wit
number, i (dp). mm
1 (105 0.7
2 0.15 7.3
3 0.25 13.5
4 0.35 17.0
N 0.45 18.2
6 .55 17.0
7 0.65 13.5
8 0.75 8.8
Y (.83 is
10 0.95 (.3
11 1.05 0
Reactor geometry and coal properties
D=0.3m
H=1.0m
H=1.5m
£,,=0.48
N,=100
p,=1200 Kg/m'
#=0.8
Simulation conditions
T=700-900°C
P=1-15atm
UA,=2-40
Exc= - 20-40%
0.37
P = 10 atm U/Umf=1£/
T=700'C
E ool EXC = 20 % 7 /10//
é - / /
3 e ]
: P
g T -
2 01 P e
Zz
0 . r . — ~ v ~
0 02 04 0.6 0.8 1
Bed height, m
Fig. 1. Variation of bubble diameter with gas velocity at 10 atm.
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Fig. 2. Elutriation constant of each particle size at different operat-
ing conditions.
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Table 2. Result of combustion simulation

P T, UM, Exc Fr W% F/F, FJ/F, E,
10 700 60 20 39E-03 055 339 198 94.63
10 725 60 20 38E-03 034 355 133 9513
10 750 60 20 36E-03 021 340 0.88 9572
10 775 60 20 35E03 014 346 058 9597
10 800 60 20 33E03 0090 340 038 09622
0 825 60 20 32E-03 006 340 025 9635
10 850 60 20 31E03 004 339 017 96.43
10 875 60 20 30E-03 003 341 012 9647
10 900 60 20 29E-03 002 341 008 96.51
10 700 20 20 13E-03 010 340 000 96.60
10 700 40 20 26E-03 027 340 029 96.31
10 700 60 20 39E03 055 339 198 94.63
10700 860 20 53E-03 096 340 463 91.97
10 700 100 20 6.6E03 150 339 740 8921
10 700 125 20 82E03 230 347 1203 8450
10 700 150 20 99E-03 3.04 339 1812 7849
100 700 170 20 11E-02 351 345 2345 73.10
10 700 200 20 13B02 426 020 3350 6631
10 700 225 20 15E-02 386 345 3916 57.40
0 700 250 20 1.6E-02 364 345 4609 5047
0 700 300 20 20E02 290 345 5843 3812
10 700 350 20 23E-02 215 345 6840 28.15
10 700 400 20 26E-02 157 345 7609 2046
1 700 60 30 36E04 040 339 598 90.62
2700 60 30 73E04 042 339 470 91.91
3 700 60 30 1.1E-03 043 2339 389 9272
4 700 60 30 15E03 043 339 333 9328
S 700 60 30 1.8E-03 339 353 292 9355
6 700 60 30 22E03 044 339 259 94.02
7 700 60 30 25B03 044 340 233 9427
& 700 60 30 29E03 045 339 212 0448
9 700 60 30 33E-03 045 340 195 94.65
10 700 60 30 36E-03 045 347 180 94.73
11 700 60 30 40E-03 045 339 168 9493
12 700 60 30 44E-02 046 339 157 9504
13700 60 30 47E03 046 347 147 9506
14 700 60 30 S5.1E03 046 340 139 9522
15 700 60 30 55E-03 046 339 131 9530
T,[°C], *Percentage.
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Fig. 3. Particle size distribution of the bed and elutriable particles.
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Fig. 4. Variation of the bed carbon loading with gas velocity at dif-
ferent pressures.
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Fig. 5. Effect of pressure on the bed carbon loading at different ex-
cess air.
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A, : cross-sectional area of the bed [m']
C,  :oxygen concentration in bubble phase {kmol/m’]
C, : oxygen concentration in emulsion phase [kmol/m’}
C,, :average oxygen concentration in the bed [kmol/m’]
d, . diameter of particle [m}

Hdedag 627
D, :bubble diameter [m]
D, :effective diffusivity {m%/s]
D, : diffusivity of oxygen in nitrogen [m’/s]
D, : bed diameter [m]
d, : mean particle diameter {m]
E,  :carbon combustion efficiency [%]
Exc :excess air {%]
E, : carbon flow rate in the coal feed [kg/s]
F, : carbon overflow [kg/s]
E, : elutriation rate of carbon to the freeboard [kg/s]
F.  :coal feeding rate (kg/ssc]
H : expended bed height [m]
H,  :freeboard height [m]
i, : carbon fraction in char particles [-]
K.  :overall coefficient of oxygen exchange between phases [1/s]
k. - kinetic constant for surface reaction [m/s]
k., : elutriation constant of particles with average size r, [1/s]
ki, :mass transfer coefficient around a particle [m/s]
M.  :weight of char particle [kg]
N, : number of orifices in the distributor
N,  :number of populations
P : pressure [Pa]
Q. : amount of air supplied to the bed [m'/s]
Q,  :amount of oxygen required for the complete combustion [m’/s]
P, : pressure [atm]
R : gas constant {J mol/K}
Re,, :Reynolds number at minimum fluidization conditions
R,  reaction rate [kmol/(m’- sec)]
T, : mean radius of particles in the population i [m]
T, : overall reaction rate of oxygen [kmol/(m’-sec)]
S, : Schmidt number=p/(p,D;;)
S, : Sherwood number
S(r) :shrinking rate of char particles of size r, [m/s]
i : time [sec]
T : bed temperature [K}
T, : surface char particle temperature [K]
U,  :superficial gas velocity [m/s]
U,  :bubble rising velocity {mys]
U, :real bubble rising velocity [m/s]
U,, :minimum fluidization gas velocity [m/s]
U,  :terminal velocity of char particles with 1, [m/s]
W,  :total carbon holdup fkg]
W,  :total bed holdup [kg]
Wy, :total bed holdup at atmospheric pressure [kg]
X, : weight fraction of interval i [-]
xXe o fraction of carbon [-]
z : height from the distributor [m}]
JzjolA 2K}
) : bubble fraction in the bed [-]
£,  :bed voidage at minimum fluidization condition [-]
] : sphericity of coal particle [-]
P, : density of char [kg/m'|
p.  :density of air [kg/m’]
P, - density of inert [kg/m']
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13.

14.
15.

B - S - S
: viscosity of air [kg/(m - sec)]
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