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(IR ZEE, & R,2E IR, % . 600 MW B IG FARPR AL A A B RURR A 98 [ 1] #BBE) ) T, 2021 ,36
(6):86 -93. LI Yao-de,DONG Le, Ll Juan,et al. Study on waler wall heal transfer characteristies of 600 MW ultra-supereritical circulating
fluidized bed boiler [ J]. Journal of Engineering for Thermal Energy and Power,2021,36(6) :86 —93.

Study on Water Wall Heat Transfer Characteristics of
600 MW Ultra-Supercritical Circulating Fluidized Bed Boiler

LI Yao-de,DONG Le,LI Juan, YANG Dong
( State Key Laboratory of Multiphase Flow in Power Engineering, Xi'an Jiaotong University , Xi'an, China,Post Code; 710049 )

Abstract: In order to obtain the internal and external heat transfer characteristics of the CFB boiler wa-
ter-cooled wall under ultra-supercritical pressure,a calculation model for the total heat transfer coefficient
of the water-cooled wall was established, and through the experimental data under high temperature and
high pressure conditions, the correlation of the heat transfer coefficient on the working fluid side is ob-
tained. This correlation is substituted into the calculation model of the total heat transfer coefficient of the
water wall ,which greatly improves the prediction accuracy. The research results show that the heat transfer
performance of the water wall is the result of the coupling of the heat transfer coefficient on the working
side ,the heat transfer coefficient on the flue gas side,and the thermal conductivity of the water wall; The
heat transfer coefficient on the working side increases along with the increase of the furnace height, and
the first peak appears at 30 m and fluctuates violently. The heat transfer coefficients of the water walls of
the rear wall ,middle partition wall and side wall are 24.7,25.9 and 27.3 kW/(m” - K). The maximum

value is reached near 52 m,where the heat transfer coefficients of the back wall , middle partition wall and
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side wall are 33.8,35.1 and 36.2 kW/(m® + K). For the area over 50 m,they will drop rapidly. At
100% BMCR load,the total heat transfer coefficient decreases along the height of the furnace. In the area

below 30 m,the total heat transfer coefficients of the back wall, side walls, and partition walls have de-
creased from 220,215.2 and 213 W/(m® « K) to 178,174 and 170 W/(m® « K). But in the range of 30
m ~50 m,it only falls by 4 ~5 W/ (m® - K) ,with the total heat transfer coefficient in the top area of the

furnace almost unchanged.

Key words: Ultra-Supercritical , CFB boiler, total heat transfer coefficient
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Tab. 1 Boiler structure parameters

AR HufH
P i AT/ m 25.376 % 16.952
BT A%/ mm 32 x7
FRFE/ mm 52
HF R R 1630
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Tab. 2 Statistical table of temperature and pressure distribution in different area in 600 MW ultra-super critical

circulating fluidized bed boiler

AL M= () R/ °C Pl (HEEE ) HE )/ kPa
100% BMCR 70% BMCR 50% BMCR 100% BMCR 70% BMCR 509% BMCR
e - - - 7.075 6.87 6.92
A1 AR = - - 6.98 6.88 6.843
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ke B3 820.5 §12.330 805. 800 1.041 1.023 1.018
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T e 609 610.2 606. 34 -0.675 ~0.653 -0.671
i =B e 456 449 446.5 ~0.765 -0.771 -0.735
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RS W 163 160 159.4 -1.27 -1.24 -1.19
e ZE SRR 145 143 142.2 ~1.415 -1.432 ~1.408
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Fig. 1 Distribution of heat flux density on the outer

surface of water-cooled wall in different regions

2.3 KAEBEAIMHEEEZELER

P 2 Sy A [] [ Sk ¥ B S RE TR BE | 1 J5i il B A
PEEIRBEMITHIEZ5 R WT LA I - K v BESN R TATIR
J3E -5 AR R S SR O S AR T A A R T 1) 3B i b
Tt TR EE 5 A BER R L B AE (AR AFAE , RS
Jhit e E )b i T (R AR [a] X i 14 3
AHRTR] s FE AP 3 R T TR A SR R 3R
THEAAR /s of T B XK v BE A PN O B 2 v
7K IR RAR G  7E B DX, A T B A e A
A, TR A R T AR A, A R 3
THHAER

60 - —— ik

...... ﬁ'][]h‘ﬁ‘l i/ ,/
L —— s ; i
o TR A e
g Or  ew ?
—— /
i 307 ——s
ﬁ H1BE I HE (rf"
T 20f -
= —o—rﬁj-%
10k ——
_._11:[%}%
o+ P BE R BE
330 360 390 420 450

2 BRI ERFERE T ESR
Fig.2 Trends of characteristic temperature of

water-cooled wall in different regions



<90 - #RE B

h TR 2021 4

3 EREWHESSH

3.1 ITRMEHREFES T

& 3 e (5) 11440 100% BMCR T,
T 58 R AR 358 K 4 R T ) A A R B A
J R RE AR b R B, T DA e 3 A% 4 R BB
2 i e 2 () HE INTRTHS A0, A 30 m BRI IR B S —IK
WAL, S 035 | PR 38 A 5 /K % BE AL SRR BON24. 7,
25.9 Ff127.3 kW/(m” - K) ,Bl/5 UG T W 4652 m
A ik B KR, a5 R R A 5 K v BEAL T R
¥k 33.8,35.1 #136.2 kW/(m® - K),i#8it 50 m
LA b DR sl U T T 5 o B R A B IR
1531V Rl N S e o N i @S 7K Y R
FeAs il b T, PR Ak R R S B, R BE A IR B

BTN AR BB, R Y
PEULE 4,
70
60 [
g 50
R L
e 40
® 30
%
20
==l
10F —e— PR
| |
0— 1 1 1
10 15 30 35 40

20 25
TEREBUAW - (m? - K)!
B3 ITHRMERRHPThES

Fig. 3 Trend of heat transfer coefficient on the

working fluid side

5 220F —o— ERHRE] 700 2
=¥ L 2
T 200 e —a=SLahE
= 180 T T SHARM 1600 2
i 4=} =]
w® 1600 1500 3
4@: 140 -
'_ 120 T
w 100 4300
) z
E . My 1200 2
= 60 [ iy é
{% 40F 3 - 100 %
g 20 MW_ 0 4
300 350 400 450 ﬁ

4 32 MPa £/ Tk 1E 3L HE
Fig. 4 Variation characteristics of physical properties

of water at 32 MPa pressure

3.2 HSMERSEL N

MBS AT LA, H8 0 X A 24 R B A
BT /N . JRRTET CFB Bl o M H X
R b LA R TR DIk, Rk L i 2 [ fA UL )
Vi 2 Bl 0 B i B 1B T ), OB 22 18] 1Y 2
S UK 08 o, AT ot 7 7K v B 3 T 1 A 9 3 7
LTI, PR T 351 A TR 5 K v B 3 T 22 [ B 3
VSR ES Uil

60

8 457
=

- 30r
=
%

15 -

0t

40 4]8 5|6 6|4 7‘|2 80

&mgﬁm “ (m2 - K)
E5 timimtRyITias

Fig. 5 Trend of convective heat transfer coefficient

P 6 S S A R By ARt H . ol (10)
AT LAFE H b i S X 0 A B B S e 2 D e PR R
Wi 21 MGETT AR RS - 53 = BE T 1), P Pl B
EITFEBS I B R BREZ T W 5 — T i,
TOURL VAR JBE A1 2 2 0 A A 10 A0 1T, 3 B30 A e i
FRON N, (ER AR L, PRI B0 R e B B, A

SR ZR At A B R
60 |
§ 45
e
# 30
Y
15
o

9 105 120 135 150 165
BAAREYW - (m? - K)

Eo6 BHEHEHRABENER

Fig. 6 Trend of radiation heat transfer coefficient

AR A B 28 RO 37 05 SRSV 45
H, P BRI R T B, e AR R BT A
Rl e P sy, b 7 s o



556 1]

ZEHETE, 551600 MW L Ik ST PR L AR B Pk v BEAL AR PR AR 5T #9

45

P I R FEE /m

30

15+

150 165 180 195 210 225
fEAREUW + (m? -+ K)!

B7 BESNERRHELER
Fig. 7 Trend of heat transfer coefficient on the

flue gas side

3.3 KEEBAIMEPRBRESHES T

Pl 8 K ¥ i B A 7R B A b Mt o B2 B 784k
B, W LAE SR IR BN A b I = B )
W/, 7E 30 m DLF X AR, R | S 5 A
ek ¥ BE G 4% 3R B0 5 A 220, 215, 2 F0
213 W/ (m® « K) FRE3I T 178,174 #1170 W/ (m’ + K),
FE30 m ~50 m XA FRET 4 ~5 W/ (m® - K) ,7E
P B TH DX B AR BUL A . B TR iif%
A S NG P R FORN K V8 BE A B S P 2R BOHE
EEHMER . Y BRI ERRFREfE m E
K, FURL) e o AR 5, OX6F A0 0 A S 480 A i B S AR
R AR B SR LA, X & CFB 4/ 5 8
A TR 1 FE B DX 5 b B 58 R0 T 38 X ) 2 2
RIS, TURL R BEAR AR, 32 DX I LA 4R 5 i Ak
¥, MR R B AYERE A ; TR R B T
TE“ KA IR Ah, Hop AL AR fE AN K, XA
FEI R B R S QR i a4 o

60 F { —— s
——

-E. 45+
i
.L-‘E
Hoogpl
T

15F

0

165 180 195 210 225
BERER/W - (m* - K)!

E8 keBHIERRHTUAERE
Fig. 8 Trends in total heat transfer coefficient

of water-cooled wall

4 IRR RN KIS B R R

SRR B R B A TR IR AL RE R
JE KV BE 2 1 B E RS2 PR 4 AT (U REAS
TR CFB R B2 HE AL 14 A st Y5 38 R s e 13 19 o 5
BRI EARHT
4.1 BROKE

CFB 53 P 76 FH BURE B4 L A% A1 v B 8 1 T
Bk, 9 BT LAE H , FORLHR BE X K ¥ BE B Ak
IE B REMAAR 25, K BE R 3R Bt 2
PP (RIS b T, 330 R A e R i, ket 22 T 1
[ ) A f LR R S 5 , A R 22 18 LA B
Wk 5 7K ¥ e 2 1T 22 18] A RIS AR AR R 4
R, BRI I T S R BE |, K4 BE AL R
REbFEZ R,

300
B ——
Y e
: ——
E
T 200}
% 150_
W
e

100 -
0

50 1

0 15 30 45 60 75
BRI g -
B9 EMRBRIR R 4R B AR BRI

Fig. 9 Effect of solid particle concentration on total

heat transfer coefficient of boiler

4.2 MPRERE
HT P 10 T, 7K v BE AL B R SR I i 1L
PRI, R R TR B L

180
bt — k&
< | —e—
2 VO
E
- 160
3
B 150
%
& 140

130 -

750 800 850 900 950
IR/ C

B 10 WPREREXRP BERRENRIT

Fig. 10 Effect of furnace temperature on total heat

transfer coefficient of boiler



£ 92 - MORE B O T OB 2021 4F

53 B KA 2 A R 2 B I L A AL S AT 1. TGRS TR A 2018,36.(3) «
10w 1 TE 7o =/ 1 B L 2 RN A = R iop O A P ) 47230
RS L IR T K 7 B 24 A 2 B WANG Yi-chao, HE Jin, ZHU Tian-long. Simulation and analysis

of unsteady heat transfer of circulating fluidized bed boiler in start-
5 & it up and shutdown conditions[ J . Journal of Hebei Institute of Ar-
chitecture and Civil Engineering,2018,36(3) ; 47 - 50.

(1) SEMFAR,LE CFB 8P FXRARY 31 5 x5 menm 5 w00 brsasmsy ko
e G 4R [R) S TR SR ML, WA B B ), X VLSRR SRR 7] op AL TR %, 2008,28(17) :
TR T IR R B B N TR, X ROBHISORL 32-38.
= ] L R 15 7K v B 2 T = 1) o 37 bl 3 e e YANG Dong, YU Hui, HUA Hong-yuan, et al. Numerical computa-
P B 1 e e 7 7]({“/?\ R T8 19 B34 tion on the mass flow rate profile and metal temperature in vertical
0 e Bl P L L 2 (1R 2 water wall of an ultra supercritical boiler| J |. Proceedings of the

o CSEE,2008,28(17) ; 32 - 38.
KRR L BT R (4] FHPE, FIOH 0 L5 RS0 SR IE R

(2) eI JIF K ¥ BE A T B A 22 KV B TR T A P AR RE L)) 30y TR0,
B 5E 1, (EL LT R 28 1 5 00 N BB 52 4 AN [R] 11 2017,37(2) : 85 -90.

BrBe. TG 2ESE P S BT mds BTG WANG Si-yang, WANG Wen-yu, SHEN Zhi, et al. Heat-transfer

"F IS% ; {E“ j( ttﬂ » lZiiji Ij‘] tl:'[ F)EE{J Jg“u‘ ?ﬁﬁ]j‘!ﬁ‘lﬁ §|JHEI§j( performance of vertical water wall in an ultra-supereritical pressure

(. Tk K M B 1L He A boiler with high efficiency and wide regulation load at low mass

AR B2 BB P B . [ flux[ J]. Proceedings of the CSEE,2017,37(2) : 85 - 90.
e B YO (5] BoRE, BRMELGB TE,E. TEERIR LSRR K R SR K

MK BE BRI IR R E |, TR % #A R Bm 52 SHRLI]. oL 2016,49(1) : 1 —13.

M) AN A i PN PR 6T A B0 YUE Guang-xi, LYU Jun-fu, XU Peng, et al. Development status

(3) /K RERME PSR i TR R 5. and prospect analysis of circulating fluidized bed combustion[ J].
T TR R BRI K Vo BEAS A B ) S I R BG4 China Electric Power,2016,49(1) : 1 -13.

PRGOS B 2 0 e s BE (R 0, 5 8 v s (6] Zymag, LR, FEGE. 300 MW 557 16 RS 00 54 5 1 {5
oK VB R R R O e, 7 8 S PIDELL REA LR 2016,31(9) - 6915

’ I ‘ N \ SUO Jiang-shun,, GUI Zhi-gang, HOU Zhi-fu. Study on heat transfer
AR AR, 30 m LR DR PR AR HLHY in the dilute phase zone of a 300 MW circulating fluidized bed
T FREE AR R, I ARG, b TR X Sk bttea] 17 Foscal. of Evigineectig fo Therial Enetg ucd Power,
WRE SRR BULFAE, 2016,31(9) : 69 ~73.

(4) K REREMREEE P NS YHRERN (7] Rk KRERRARER P R R s AR D].
I BE A b T B T, BR 1O IAD N A S e FR A5 HEREER K, 2013.

e E ig ﬂﬂ %‘ ,7J(7'/i*> E % El"] T% ﬂ /%Z\ & ‘lﬂpﬁ % b:' ﬁﬁ i E WU Hai-bo. Research on the key technology of exttl:nded heating

O 1T 131 ot A 1 B S B 00 A ] surface of large-scale circulating fluidized bed boiler| D). Beijing:

_ University of Chinese Academy of Sciences, 2013,

EH (8] ML B ROk, BT R SR L R A
& 23Tk AR T]. P E AL T ER ,2006,27(17) « 94 - 99.

ZHOU Hong-bo,ZHONG Wai, TONG Shui-guang. Study on unified

[1] SHEN Zhi, YANG Dong, WANG Si-yang, et al. Experimental and thermodynamic caleulation model of circulating fluidized bed boiler

numerical analysis of heat transfer to water at supercritical pres- based on experiencel ] 1. Proceedings of the CSEE,2006,27(17) :

sures[ J ], International Journal of Heat and Mass Transfer, 2017, 94 -99.

108 ;1676 - 1688. (9] ¥R, /I A6 F i Al PR B o SE BRI R [ D] b

[2] £—#8 BRI R LOUT 06 3R e R i b B

Wik, 2017.



55 6 1]

PHETE, 2 600 MW 1 I SO PRI AL AR AR 7 7K v BEAL PR PERIF IE

- 03 .

[10]

(1]

[12]

[13]

XU Lin-jie. Numerical simulation development of an ultra / super-
eritical circulating fluidized bed boiler[ D ]. Hangzhou; Zhejiang
University ,2017.

VRRRAS FRARNG , AR, . o/ I SO B I AL PR B 1A
BRI ]. sPE AL TSR ,2018 ,38(2) ; 348 -355.
XU Lin-jie, CHENG Le-ming, J1 jie-giang, et al. Integrated Nu-
merical Model for Ultra/Supercritical CFB Boilers| J |. Proceed-
ings of the CSEE 2018 ,38(2) ; 348 —355.

i LGB T PR A A A4 A B I R B A o
FE[D]. HER: FEHRAKS:,2009.

XIONG Bin. Study on structure arrangement and gas-solid flow
characteristics of a new circulating fluidized bed boiler [ D .
Chongging: Chongging University ,2000.

ZERAE. R SR B AR RS 7 P P IR ST A b ] A8
B AR tERT R [ D] P94 PH%esgil s ,2019.

Ll Yao-de. Research on co-combustion of low-quality fuel and
heavy metal emission characteristics in ultra supercritical circulat-
ing fluidized bed boiler [ D ]. Xi' an:
University ,2019.

wOAE.E O, RS E G IR R IR R O
HARECE AL T]. #200 %, 2015 ,44(2) « 53 -57.

Xi’' an Jiaotong

[14]

[15]

[16]

[17]

SHEN Zhi, JIANG Yong, WANG Shao-fei, et al. Experim ental in-
vestigation on heat transfer characteristics of low mass-flux rifled
tube for supereritical pressure boiler with annular furnace[ J 7.
Thermal Power Generation,2015,44(2) . 53 - 57.

B fhuge , ZEH R, £ WIE, 5. 1R R AL R B4R BT R R
W] B/ T, 1994,14(4) : 19 -27.

LUO Zhong-yang, Ll Xuan-tian, WANG Qin-hui, et al. Discussion
on design and calculation of circulating fluidized bed boiler[ J].
Journal of Chinese Society of Power Engineering,1994,14(4) :
19 -27.

LECKNER B, SZENTANNAI P, WINTER F. Scale-up of fluid-
ized-bed combustion-a review| J]. Fuel ,2011,90; 2951 —2964.
B RE. il FOE PR PR B Aok v B A SR B K Bl D A
[D].dts: R ,2004.

LYU Jun-fu. Investigation on heat flux and hydrodynamics of wa-
ter wall of a supercritical pressure circulating fluidized bed boiler
[D]. Beijing: Tsinghua University,2004.

PREKIE. AR CFB f U it st & T OB AR [ D]
HK: WK, 2008.

CHEN Ji-hui. Study on key technologies of gas-solid flow of large-
scale CFB boiler[ DD ]. Chongging: Chongging University ,2008.

(FEle )



