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Comparative Evaluation of Thermal Design Parameters of
Different Sizes of Circulating Fluidized Bed Boiler

Taehyun Kim and Sangmin Choi

ABSTRACT

The present paper discusses thermal design parameters of different sizes of circulating fluidized bed (CFB)
boilers with capacities ranging from 2 MWe pilot scale boiler to a 600 MWe utility boiler. Physical boiler
size and shape of furnace were identified and dimensional data have been summarized. By performing
thermal design for each of the boilers, heat transfer surface area, furnace shape and size, and allocation of
heat transfer surface for water-steam side heat absorption have been recalculated, and presented. Although

boilers may have significantly different capacity, the facilities have common design parameters, when they
are evaluated as basic thermal design processes. The significance of thermal design procedure is explicitly

discussed.
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Fig. 1. Schematic diagram of a typical circulating flu-
idized bed boiler.
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Fig. 2. Comparison of relatlve size of CFB boilers.
(a) Kp, (b) Kd, (c) Dp. (d) Yp, (e) PL, (f) Zd
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Table 1. Specification of CFB boilers

A

®

Kp Kd Dp Yp PL Zd
Capacity

2 - | 200 | 340 | 460 | 600
(MW)
Steam |5 1 75 | 660 | 1,025 | 1300 | 1,900
(t/h)
Width o0 1 sa | 19 | 34 | 276 | 21%
(m)
Depth 1) o5 | 24 | 7 8 | 106 | 19
(m)
Height |0 | 0 | 32 | 42 | 48 | 62+
(m)

* size by heat calculation
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Fig. 3. Comparison of cyclone size (un|t :m).
(a) Kp, (b) Kd, (c) Dp, (d) Yp. (e) PL
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D Table 3. Steam conditions of CFB boilers
H Kp | Kd | Dp | Yp | PL | zd
Main steam
F 12 1025 | 1300 | 1
‘jt | l _Il-a flow tate (V1) 75 | 693 | 1025|1300 | 1900
B .~ h
Puiaht | D, . L Superheater steam o5 | 450 | 541 | 541 | 560 | 580
! temperature (C)
v
. h
H el Superheater steam 4510382 173 | 168 | 275 | 280
v pressure (bar)
) ]:fheatez Stej;lm <] < | 541 822 |1101] 417
Dy ow rate (t/h)
Reheater steam
Fig. 4. Typical dimensions of a cyclone. temperature (C)| - | 541 | 541 | 580 | 580
. . . Reheater steam
Table 2. Comparison of cyclone size proportions - - 39 | 30 | 54.8 440
pressure (bar)
Kp Kd Dp Average
Feedwater
L, | 195D; | 150 Dc | 1.04 Dc | 1.50 D temperature (C) | 10 | 150 | 288 | 229 | 290 1 290
L, | 195D, | 183 D. | 126 D. | 1.68 D.
D. | 049D, | 075 Dc | 053 D. | 0.59 D Table 4. Coal analysis and heating value
H 049 D. | 0.75 D. | 0.86 D. | 0.70 D, \ Kp \ Kd \ Dp ‘ Yp ‘ PL ‘ 7d
B 0.25 D¢ 0.33 D, 0.44 D, 0.34 D, Coal analysis (wt%)
Dy | 025D | 050D | 019 D | 031 D, Water | 11.6 | 11.2 | 33 | 153 | 111 | 89
L | 061D | 040 Dc | 030 D. | 044 Dc C | 666 | 654 | 529 | 59.1 | 638 | 57.5
H | 40 | 36 | 03 | 42 | 45 | 38
FABATE 2} AT H AL Batghs Vleo R 2 A N | 13| 11| o2 08| 13| 09
18 HolA =t c | 00 | 00 ] 00| 00| 03] 00
7k A QA0 B FL- olg]o]l =7 %7
a};j} ‘]’;j om};“;"éb f;ﬁ“lf d ol ;0111{ S 07 | 04 | 06 | 03 | 25 | 05
Z oz 7tz QA
SEtA ), QEkHS R a7 ° o | 68 | 103] 37 | 178 | 69 | 72
& 47] Yallde Zast U1 HEadr)e & o e 1
ol ole HEAA/] O ewol ofe melw Het s 8.9 8.0‘ 39. 5| 97 .
12 fUEE B340l L5} sk Table 3o Heating value (i'ke)
LAl 2ESEAF Hole o] mel=s] =], & HHV 27119 | 25442 [ 17701 | 22800 | 27220 | 23703
T, 28FY g JRE U
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W eBeEs Bole drel 4t A
S5 452 Table 4] LE Atk Kp 2lef9} K
Aol Ao fAFE AARE Ao, Dprelel
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Fig. 5. Procedure of comparative evaluation.
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Table 5. Comparative design parameters

Ttem Kp Kd Dp Yp Zd
Cross-sectional
heat release rate | 3.63 | 524 | 43 3.36 | 4.08

(MW/m®)
Volumetric heat
release rate 0.26 | 0.24 | 0.13 | 0.084 | 0.07
(MW/m®)
Superficial
velocity 4.7 | 548 | 5.1 4.8 | 5.38
(nvs)
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Table 6. Heat duty of the external heat exchanger as a
function of the heat absorbed in the CFB loop

Evaporator | Superheater | Reheater | EHE duty
MW) MW) MW) (%)
Dp 46 60 50 50
PL - 132 46.7 44.5
zd - 245 1253 427
F - 288 190 455
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