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Simulation and analysis on startup process of external heat

exchangers in ultra-supercritical CFB boilers

XU Zhaofeng , XUE Yali, LI Zheng
(State Key Lab of Power Systems , Department of Energy and Power Engineering , Tsinghua University , Beijing 100084, China)
Abstract: In general , ultra—supercritical circulating fluidized bed ( CFB) boilers are equipped with external heat exchangers( EHE) to in-
crease the heat transfer area and heat transfer. In order to study the startup process characteristics of the external heat exchanger of CFB
boiler,so as to provide the basis for wide load operation and flexible peak regulation of CFB,The dynamic characteristics of startup process
of EHEs of a 660 MW ultra—supercritical CFB boiler were studied, by establishing the dynamic mathematical models of CFB boiler with
EHEs and simulating and analyzing the cold startup process and the hot startup process of EHEs. Before the cold startup and the hot star-
tup, the furnace temperature is 776 “C ,while the temperature of EHEs is 50 C and 660 °C respectively. At the 30th minute,the conical

5 HH#A:2020-03-06; SRAEHREE: (TWEHF  DOIL:10.13226/].issn.1006-6772.20030601
E&WAH . FRKHE AL RIS D5 H (2016 YFB0600205 )

TEE R/ AT F k% (1975—), s s o E—mail: xuzhaofeng @
tsinghua.edu.cn, : s s N o E-mail :1z—dte@ tsinghua.
edu.cn

SRR VR B, 2B G A CFB b SN E AR Sl AR [ 0] R AR, 2020,26(3) :23-30.
XU Zhaofeng, XUE Yali, LI Zheng.Simulation and analysis on startup process of external heat exchangers in ultra—super-

critical CFB boilers[ J].Clean Coal Technology,2020,26(3) :23-30. AN

23



2020 4E55 3 1 kBB K 526 4%

valve is opened and EHEs start to work. Due to the low temperature of EHEs in the cold startup, the conical valve is only 5% open in order
to avoid overheating of the EHE pipe. Such limitation does not exist in the hot startup,and the conical valve can be open up to 30%. In or-
der to show the change caused by one variable,only the opening degree of the conical valve is different in the cold startup process and the
hot startup process,and the slag discharge quantity is automatically controlled in other active control quantities to maintain the stable fur-
nace pressure. In the cold startup process,heat released from EHEs changes from negative value to positive value : EHEs absorb heat from
the working medium( medium temperature superheated steam) first because the initial temperature of EHEs is lower than that of the work-
ing medium;when the temperature of EHEs is higher than that of the working medium, EHEs release heat to the working medium. In the
hot startup process, EHEs always release heat to the working medium all the time,because the initial temperature of EHEs is much higher
than that of the working medium. Therefore ,the flow rate of working medium should be maintained at the set value and above before cold
startup or hot startup , otherwise the condensation or sudden temperature rise of working medium at the startup moment will lead to the dras-
tic temperature change of pipe,resulting in pipe burst and other accidents. When EHEs reach energy balance after cold or hot startup, the
furnace temperature decreases in varying degrees, because the furnace releases less heat and EHEs release more heat accordingly, under
the condition that the input energy of CFB boiler remains unchanged. In the hot startup process,the circulating ash flowrate and heat dis-
charge of EHEs are large, because the opening degree of the conical valve is 30% ,resulting that the furnace releases less heat than that of
the cold startup and the furnace balance temperature is lower than that of the cold startup. In the cold startup process,the temperature rise
of the external heat exchanger is higher. The conical valve is only 5% open in order to avoid the high rate of temperature rise on the wall of

the heat exchange surface,resulting that the characteristic time of the temperature rise curve of EHEs is obviously larger than that in the

hot startup process.

Key words:; circulating fluidized bed boiler( CFB) ;external heat exchangers ;dynamic modeling;startup process ; simulation

0 51 B

CFB (AL IR ) s 7 HA BARE I L)
15 Gy il AR R B AR A AR e, e TR R R
M KRR R AR 2B B AN B DL
R AT R T 2 B b R R S B AAAR Y
B, 3G T ARER R A R B S A5 e A T B
e AT IR IR RO B 8 o S 2 45 B A B9 70
PRBUEE | AT i &b 25 450 B -4 A B R il A2 g
SRR 5 O 5 AR B AT IR O /DN B 2 O AT HEJE 1R T
JE 08/ NI H AR N BRI oA e A
JRURT REAENF B A 52 B, 25 TR AR A58 R A el R
TE o T ANE AR AR BT R 8 BRI AL PR b
REAS FEAR S 1) DX BRAR E W s 17, B SE A fris 17
Rtk o

AT HEL ) ] A BE TR o HOBOR R A GE kT
S RIHLE (AR A LA PRFR AL R LA 25) iR
(L AL P R O RT P AR REIRIRIE D 3 PRI IR
b B4 58 T s A R P B AR U i3 X A AR Ak
ARG ER AL R b it 2O B AT AR T T iz 4T, T
—E T, CFB i 23 5GP Ah B 4 B DL A5 7 it
TR 5 B — 5 T, ) 2> T S B AR LA i
ARG . IIEBR T bR Sh B B, 7Eis 1T
BrBe CFB Byl S B s S AP A shid e

ARV 2 AR — EL SR AR B b )
AR AR S T T PR U AL R R
CONERERIT EAET R g R E

24

T HE MR bR T B A R 095 B 1 1
PRI AR ; SRR 58 10T WAL R R0 B e 1
PRAR P AR, 7F 5 TR 7 B P R S5 i R B
G, XLEWFTERT A A A IR AR AT LB ] B, R
JESNE G N VPR S S8 e, P, AR SO S
T RIS B R AR S S A R | 5 A AR R 2
JSAE PR A R e A AL 20 285 S s 5 AR R % b
BN AR S BT TR AT, O CFB
W 58 ST 1B AT R S PR I S (ARG

1 fERRLARRIA AR

H T AR SCHT AR 0] 355 B (RS2 ) A5
B BOR BN T2 2% N AR PR i A R
bR AL T B B SRR AT
5377 AN 1 PR BRI R 3 8 2 AN SN A
i 3 9 ot i f) 3 o R I A XS EER Y
HESUMAR X MR B ARG S L A 14 2] IX R 4T,
BRI AR J02 AR T 1o i A 3 ]
F et S R P B T it B 22 531 ] Pt A
SR RE P AR O R, 8 R Y HEIE T
JE OB AR 0 B R SR BYAE IR K — 7 B IR [n]
JBE , 55— R TSN BN FR ]

2 BN SRIP B S HFIEEY

TR AR B0 Y 4 ASTRAER I RS 2] IX
HE SRR 23 B AR A SN B | T 20 Il 5 4%
RZIR RIS



