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Abstract — Circulating fluidized bed combustton, which uses a variety of fuel type and facilitates a pollutant
emission control, urns out to be a very effective combustion system. The 200MWe class Tonghae thermal
power plant CFB boiler {2-umit) in Korea is the largest boiler to fire domestic anthracite for electric power gen-
eration. In this paper, we have examined the performance of the Tonghae thermal power plant CFB boiler
using IEA-CFBC model depending on various operation parameters. Especially, the modification of the
cyclones have been carried out and the performance evaluation of the CFB combustor have been conducted. As
a result of this smdy, the increase of solid circulation rate and solid hold-up in lean phase by increasing the dif-
ferential pressure allowed temperatures of the furnace and the emissions of SOx to be lower. The simulation
results by IEA-CFBC model could explain well the performance of the modified Tonghae CFB combustor.
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Fig. 1. Schematic Diagram of the Tonghae CFB Boiler
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Table 1. Analysis of design coal in the Tonghae CFBC.
Proximate wt. Ultimate wi.% Size distribution wi.
analysis % analysis (dry basis) {mm}) %
>9.3 0
5.6-9.5 0
Moisture 3.3 C 547 4.75-5.6 L0
. 2.8-4.75 2.0
Volatile matter 4.0 H 0.3 298 16.0
Fixed Carbon 537 O 3.8 . .
1.0-2.0 31.0
Ash 39.0 N 0.2 0.6-1.0 16.0
Heating Value 4600 ) 0.6 0 '25_6 6 17'0
(dry basis) (keal/kg) Ash 404 0.1.0.25 {0,
0.075-0.1 2.0
<0.075 5.0

Table 1o =] Fodele] MelBMz] o 7|5 e 2
ZE viepigich

Ao GEbgg 5 FUEE AHHE Sy
AZ:H AL® CaCO, TFHFe] 90%, T2l MpCOs
42% A% o] 2le, | mm )5} =7} 100%,
0.7 mm o}3}7} 95%, 222 0.5 mm °l&z} 0% ==
vlarE ke gle B2 e AM3do] AMEd,

Table 2. Particle size distribution of design and sampled
coal (#1, 2, 3) in field.

Size Design
distribution  PSD *t:f;}? ’ﬁf %1)) *Eif;}?
(mm)  (we.%) ‘ : :
9.5 0 1.0 0 0
5.6 9.5 0 14.4 5.0 244
475-56 10 5.1 12 5.
28475 20 123 2.9 115
2238 16.0 72 24 40
1020 310 20,0 14.0 1.0
0610 160 14.6 20.0 6.0
02506  17.0 14.6 26.0 12.0
0.1025 100 5.8 17.9 13.6
0.075 01 20 3.0 31 24
<0.075 5.0 2.0 11.0 10.0
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Table 3. Modifications of the device for the Tonghae CFB boiler.

Item Contents for modifications Marks
Grease air line at sealpot (dipleg) 2.5pipe 35 places at each sealpot Addition
Grease air line around ACVs on FBHE 1 and 1.5 10 place at each ACVY Addition
Window for observation at sealpot 1 window at each sealpots New
Duct water spray nozzles at cyclone inlet 2 pipe 3 places New
Injection port of bed media (sand) to bed 6 pipe 3 places New
Injection port of bed media to sealpots 6 pipe at each sealpots New
Solids drain line at fluidizing air line 2 nozzles 7 places New
Lance burner 5 places in the combustor New
Fluidizing nozzles Longer and steeper orifice tube Exchange
Cyclone modification Vortex finder and inlet width Modification

oiL{xZet ®Mod 3= 200019 98
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Fig, 2. IEA-CFBC model procedure.
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Table 4. Operation data for the Tonghae CFBC.
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4 Ia] = 7] o Addition Air [m’s] Tap. Wall
(m] [m] [ml  BMCR MGR I100%NR 75%NR S0%NR 30%NR 1=y.0=n ratio
1 0.0 19.05 335 8722 8122 8722 763 65.58  68.34 1 1
2 0.43 19.05 358 1460 1400 1026 44 4.4 4.4 1 1
3 1.37 19.05 4.09 0.93 0.93 0.93 0.93 0.93 0.93 1 1
4 .70 19.05 4.26 9,14 914 914 914 914 734 1 1
5 2.44 19.05 466 2219 2175 1894 1454 1454 1454 1 1
6 4.48 19.05 575 3286 3152 2309 99 9.9 9.9 1 1
7 31.90 19.05 7.09 0 0 0 0 0 0 0 1
8 Coal [kg/s) 30.1 297 273 20.7 145 79
9 Lime[kg/s] 0.92 0.91 083 063 044 038

#1: Primary Air, #2; Secondary Air {(471), #3: Feeder (Coal and Lime) Transport Air, #4: Loopseal+FBHE Returned Air, #5:
Secondary Air (37]), #6: Secondary Air (971 ), #7 Top of Combustor, #8, #9, Coal, Lime Feed Rate, # Wall Ratio: [Membrane
wall area/[wall area), # Tap.: Tapered 3Ell, yes =1, no=0
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Fig. 3. Comparison of solid fraction and pressure profile between before and after modification of cyclone.
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Fig. 4. Comparison of temperature profiles.
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Fig. 5. Gas concentration profiles in the CFB combustor.
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a : exponential decay constant [1/m]

D  : diffusion coefficient [m%s]

d, e @ char particle diameter [m]

E : activation energy [}/mol]

H ; height [m]
hy . dense bed height {m]

ke : char combustion coefficient [m/s]

kg  diffusion coefficient in char particle [m/s]
k., : reaction coefficient for char combustion [m/s]
p . pressure [Pa]

R : universal gas constant [J/molK]

L. . char combustion rate [mol/m’s]

Sh  : sherwood number [-]
T : average temperature [K]
: particle temperature [K]

Koy !

molar gas fraction for oxygen [-]

J2lol~ 2%
£, : averagesolid volume fraction in dense bed [-]

E. : average solid volume fraction at infinite height

[-]
p, : gas density [kg/m’]
P, : solid density [kg/m’}

[0 : C to O, ratio [-]
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