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Simulation of the Tonghae Thermal Power Plant CFB by using IEA-CFBC Model
— Determination of the CFB Combustor Performance with Cyclone Modification-
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Abstract — The 200 MWe Tonghae thermal power plant CFB(2-units) is the largest boiler to fire a Korean anthracite coal for
generation of electric power. The #1-unit CFB boiler has been operated commercially since October 1998, and the #2-unit CFB
boiler, of which commercial operation will be achieved at October 1999, is under construction. The optimization and stabili-
zation of the CFB operation have been carried out through the modification of the cyclones for the units of #1 and #2. How-
ever the operation data for the large CFB combustor firing the anthracite coal are few, so it is necessary to predict the
performance of the CFBC with variation of the operation conditions. Therefore, in this study, the development of the simula-
tion scheme has been achieved by using IEA(International Energy Agency)-CFBC model, and the performance of the CFB
combustor with variation of the cyclone efficiency has been determined. The improved performance of the modified cyclone,
which have been carried out by increase of the vortex finder length and by decrease of the cross sectional area of the cyclone
inlet, also has been determined. The cyclone efficiency has been evaluated 98.7%. As the cyclone efficiency increases, the
upper differential pressure increases and the freeboard temperature becomes to be low and stable. The modifications of vortex
finder and inlet duct of the cyclone have been predicted to improve the performance of the CFB combustor.
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Table 1. Overall models for circulating fluidized bed combustors
Ref. Fluid dynamics Size distrib. Coal comb. SO NO, Heat trans. Steam proc.  Recirc. State
Siegen[1] 1-dim + + + + + + + std
Zhang[2] 1-dim - + + + + - + dyn
Mori[8] block - + - - - - + std
Basu[9] 1.5-dim - + + + + - - std
Xu[3] 1-dim + + + + + + + std
Lin[4] 1-dim - + + - - - - std
Halder[5] 1-dim + - - - - - - std
IST[6] 1-dim - + + + + - - std
Alstrom([7] 1-dim - + - + + - - dyn
Haider[10] 1.5-dim - + - + + - - std
Hiller[11] 1.5-dim - + + - - - - std
IEA[12] 1.5-dim + + + + + - + std

std : steady-state, dyn : dynamical, + : consideration, - : no consideration
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Fig. 1. IEA-CFBC model procedure.
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Proximate analysis wit% Ultimate analysis wt%(dry basis) Size distribution(mm) wt%
>9.5 0
5.6-9.5 0
Moisture 3.3 C 54.7 4.75-5.6 1.0
\olatile matter 4.0 H 0.3 2.8-4.75 2.0
Fixed carbon 53.7 O 3.8 2-2.8 16.0
Ash 39.0 N 0.2 1.0-2.0 31.0
Heating value 4600 S 0.6 0.6-1.0 16.0
(dry basis) (kcallkg) Ash 404 0.25-0.6 17.0
0.1-0.25 10.
0.075-0.1 2.0
<0.075 5.0
Table 3. Operation data for the Tonghae CFBC
4  Height Width  Length Addition air{r/s] Tap. Wall
[m] [m] [m] BMCR MGR 100%NR 75%NR 50%NR 30%NR  1=y,0=n  ratio
1 0.C 19.05 3.35 87.22 87.22 87.22 76.3 65.58 68.34 1 1
2 0.43 19.05 3.58 14.60 14.01 10.26 4.4 4.4 4.4 1 1
3 1.37 19.05 4.09 0.93 0.93 0.93 0.93 0.93 1 1
4 1.70 19.05 4.26 9.14 9.14 9.14 9.14 7.34 1 1
5 2.44 19.05 4.66 22.19 21.75 18.94 14.54 14.54 1454 1 1
6 4.48 19.05 5.75 32.86 31.52 23.09 9.9 9.9 9.9 1 1
7 31.90 19.05 7.09 0 0 0 0 0 0 1
8 Coallkg/s] 30.1 29.7 27.3 20.7 14.E 7.9
9 Lime[kg/s] 0.92 0.91 0.63 0.44 0.38

#1: Primary Air, #2: Secondary Air(4), #3: Feeder(Coal and Lime) Transport Air, #4: Loopseal+FBHE Returned Air, #5: SeddBjjatp:ASecondary
Air(9), #7 Top of Combustor, #8, #9, Coal, Lime Feed Rate, # Wall Ratio: [Membrane wall area)/[wall area], # Tap.: Tapgestiypeo=0
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Fig. 3. Effect of cyclone efficiency on (a) solid fraction, and (b) pressure

along the combustor height.
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a : exponential decay constant [1/m]
Agyce: Cross section area of cyclone entry’m
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kcyc
K,

cyc

ki,attr

ki,sh
m

: critical particle diameter [m]

: particle diameter of i class [m]

- height [m]

: dense bed height [m]

acc- acceleration coefficient of cyclone [-]
: cyclone entrance efficiency coefficient [-]
: attrition constant of i class [1/m]

« - shrinking constant of i class [1/s]

- mass flow rate [kg/s]

: particle size fraction [-]

: pressure [Pa]

e

p
Reyc :radius of cyclone [m]
Reycvort: radius of vortex finder [m]

=

in

: radius of cyclone inlet [m]

Ugyce - ENtrance gas velocity in cyclone [m/s]
u, :superficial gas velocity [m/s]
u, :inner directional gas velocity in cyclone [m/s]
U, :tangential gas velocity in cyclone [m/s]
U, :terminal velocity of mean particle size [m/s]
azjo|& 2Xt
€sd :average solid volume fraction in dense bed [-]
€= :average solid volume fraction at infinite height [-]
A :wall friction coefficient [-]
Neyei : Cyclone separation efficiency of i class []
Nparti - €ddy separation efficiency of i class [-]
Nseg : S€Qregation function [-]
Ky :dynamic gas viscosity [kg/ms]
Mg :solid load in gas [kg/kg]
s sqt - Saturation solid load in gas [kg/kg]
p, :gas density [kg/)
p. :solid density [kg/m
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