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Abstract: The in-service supercritical circulating fluidized bed boiler was investigated. Based on actual opera-
tional data, a numerical simulation model for the temperature field and the stress field was established. The

effects of boundary conditions, including the external heat flux density of the tube wall and the convective heat
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transfer coefficient, on the maximum wall temperature and maximum thermal stress of the water-wall tube,
were discussed. In addition, the influences of structural parameters, such as the fin thickness and the tube
pitch, on the maximum temperature difference and maximum thermal stress between adjacent water-wall
tubes, were analyzed. The simulation results indicate that, under a constant convective heat transfer coeffi-
cient, both the maximum wall temperature and the maximum thermal stress of the water-wall tube will increase
with the external heat flux density. Conversely, when the external heat flux density is kept constant, the maxi-
mum wall temperature and maximum thermal stress will decrease as the convective heat transfer coefficient be-
tween the tube wall and the working medium increases. Notably, when the convective heat transfer coefficient
decreases to 0.5 kW/( (m?-K) , the maximum thermal stress will increase sharply. Furthermore, the maximum
temperature difference and maximum thermal stress between adjacent water-wall tubes will increase with the
decrease of the fin thickness, but increase with the tube pitch. Specifically, when the fin thickness is reduced
by 2 mm, the maximum temperature difference between adjacent water-wall tubes will increase by approxi-
mately 5°C, accompanied by an increase in the maximum thermal stress from 213 MPa to 219 MPa. When the
tube pitch increases by 2 mm, the maximum temperature difference will rise by about 7 “C , and the correspond-

ing maximum thermal stress will rise from 213.8 MPa to 215.1 MPa.

Key words: circulating fluidized bed boiler; water-cooled wall; numerical simulation; wall temperature; ther-

mal stress
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Table 1  Operating parameters of the case CFB boiler

parameter unit BMCR BRL
main steam flow t/h 1230.0 1171.3
main steam pressure MPa 25.31 25.31
main steam temperature C 571 571
reheat steam flow t/h 990.215 943.057
reheat steam pressure MPa 5.411 5.144
reheater outlet steam temperature C 569 569
feed water temperature C 297 293

iy i ARTAD RS 2R 31 020 mmx9 810 mm 4P i =5 2 49 250 mm , 7K ¥ BESR I A0 4 nY i 1L AR
BB DU JE KA BE R FDGAE A RN G BT AR R 12Cr I MoV G W5 R S i b 358 /K ¥4 BE A 1) B 1R I
o 1) B IR 22 S A K, BV Y AR AR R 1 TR AR SC F2 % eSS /KA BE A MEAT AR A, FL LA R S S 8000
1 MR REPE R 200 ~500 °C B - F3GREL B ik 2R 50 SR RE I FI Poisson LUk 8 S, BRI PES 5K
N3 2 Pros , 32 2 AR BEHC 7 850 kg/m’.
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Fig. 1 Dimensional parameters of membrane water-cooled wall tubes in the upper part of the furnace chamber
2 12Cr1MoVG RUTERES R
Table 2 12CrIMoVG performance parameters '’
temperature/ °C 200 300 400 500
elasticity modulus/GPa 201 192 181 165
linear expansion coefficient/ (1076/K) 13.7 14.0 14.2 14.5
thermal conductivity/ (W/(m-K) ) 42.70 40.56 38.89 36.11
specific heat capacity/ (J/ (kg-K) ) - 607 657 712
Poisson’ s ratio 0.300 0.319 0.298 0.301
yield strength/MPa - - 228 201
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Fig. 2 The water-cooled wall structure and it’ s meshing
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Fig. 3 The mesh independence verification
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Fig. 4 Water-cooled wall outlet temperature change curves during the load variation process
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Fig. 5 The maximum temperatures of the water-cooled wall tube varying with the heat flow density

under different convective heat transfer coefficients
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Fig. 6 The maximum thermal stresses of the water-cooled wall tube varying with the heat flow density

under different convective heat transfer coefficients

&1 6 kXK ¥ BEASTEAS [ 0T 3t 45 0 3R B0 AN R AR 28 B T 1 e KA T 2 Akt 2. N B 6 ] LLE
Hh R VA BE A 1 B KRN ) 578 MR [ S A A 2 B 2 IEAH DG OC R, DY XA R S — e i, 4
B P e KRN, 7 Bt o A8 S R 8 B () 1S RIS O 5 E S ARIAE 2 B — e I, e KR ) &3 Bl 8 N BE 5 T
JB 22 [0 A 6T 3 e A 2R B30 B TR T/ N, 4 S BE T 2% 32 1 40 kW/m* 3 K 2 80 kW/m” , 45 7 BE 5 T Ji 1]
AR EH 5 kW/ (m*-K) B/NE 0.5 kW/ (m?-K) B, B BE G RN T 161 MPa 238 K, (H 3 R 5L
7E5 kW/ (m*-K) 2 3 kW/ (m®-K) Z AR AR, $A0 738 R MR R/ 1 S # A R B KZE 0.5 kW/ (m* - K)
B, A J7H 196 MPa B4 241 MPa (R, 0 B F R BCHE it 44 T 58 2k v B A5 PN B 155 1 J5 ] 178 46 34
BT, bk G 7K VR BEAE K 1 32 38 3 A AU g a0 T A o A S
3.3 SRS EEB N S H B
3.3.1 51 B EXRABEE R R %00

RV I KV BEASHE F TR AN 6.4 mm ARIFEHAB S BORAE | )5 B AH S84 B 1 i IR
25 5 REI AN Sy AR i 7 Fras. i B 7 ar g B 65 R TR 6.4 mm J8/NE] 4.4 mm B AHAR K
RREE IR 2R 53.7 CTHHE 2 58.0 °C XA i KA J7 B 213 MPa FHE & 219 MPa i TR %5 88
JEEE (AN , B P A T R B 2 /) | H G R A 8 K T AR R e SR oy 5 H U A B I L R
figs VS U/ N 2 el LS R BT e I I 4 B 5 6 2 M Ak g 107 7 4 i R, (A5 AH R) 7 AR ik
AR B E5 R AR TE | DR 7= A B8 KR A 7).



1042

=
&

o M f 2026 4F 5 47 4

3.3.2 #ERBEMRKAE A

ZE M B OK V8 BEAS ] FE T HELR 49.8 mm SRUFEHAMSEOANAS | {5 F AT AHARE B i Kl 25 5

e R AR Ak H & 8 Fras. thi &l 8 RIS A UK Y BEA I AT 15 BE H 49.8 mm AN 51.8 mm,
IRV BERE A RE MY I KR 25 53.6 CTHR 2 60.6 °C, X I (15 KA F7 1 213.8 MPa TR % 215.1 MPa X &
B T R EE A AR S T KA BEA T BRI S A RS E I K VA BE AR B A B T U SE (L, A
KA F 0] B 15 B, s AV BEAS 10 B B0 23k /b | B0fi 7K V8 B A o 1 I 2 AR, ZE B g FOVE R S 38Uk
AT, DT 5 | RS AN, 7 R 384 M. TR B 7 B R TR 2 7K ¥4 BE A 22 ] 0 f T Rl 2D 868 i %o A BE A T ) R o]
VEFIURES , T B0 BE 7 I AR IS () [ S0, DA T 78 Jy 08 DX 8™ A B R B AR T | X R R 24 5 I AR T 1
JY i b B A )

RE

= N

220
—m— maximum thermal stress
L =219 =— maximum temperature difference

/

w
o
C

216

214 347

maximum thermal stress / MPa
wn
(=)}
maximum temperature differance /

212 I 1 1 I 1153
4.5 5.0 5.5 6.0 6.5

fin thickness / mm

Bl 7 KV BEE BN g M d KR 22 RO B AR At 2k

Fig.7 The maximum thermal stress and temperature difference of the water-cooled wall tube varying with the fin thickness
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