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Abstract: In order to clarify the dynamic characteristics of bed temperature of biomass circulating fluidized bed
(CFB) hoiler, so as to establish a CFB combustion control system which is more suitable for biomass, a dynamic
bed temperature model is established by analyzing the biomass combustion process and combustion mechanism.
On the basis of the theory of instant burning carbon combustion, the correlation degree of temperature field in the
furnace is calculated and analyzed. The results show that, the calculated bed temperature can be controlled basically
stable near the filtering value of the actual bed temperature, and the variation trend of the bed temperature is similar
to that of the actual filter bed temperature, which verifies the adaptability and effectiveness of the model. The
temperature correlation difference of the upper and lower parts of the biomass CFB boiler is related to the oxygen
content and the temperature of the furnace. The temperature difference of the left and right sides is greatly affected
by the flue gas flow. In the upper part of the furnace, the material concentration and the uneven heating surface
arrangement are also important reasons affecting the temperature characteristics.

Key words: biomass; circulating fluidized bed; furnace temperature; soft measurement of bed temperature; grey
correlation analysis
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Fig.1 Biomass fuel combustion process
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Fig.3 Combustion process of biomass CFB boiler
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Fig.4 The actual bed temperature and model simulation result of the boiler
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Fig.8 Results of grey correlation degree analysis of bed
temperature in furnace

HTP 8 WT L, it 5% P R P IR 5 5 by i
P RGeS OR R . PALIRIRRIATIRE 1. Witk
RAREHEIRZ 1 RACRIREHTIRE 2. SRR
JEim B 2 A T 8 e DR P BAT A e R SRR 5
TALRIR BT 4+ WK IREHE IR EE 4. SR




54

w5 ARG R B b R Sh A A 79

PREVETIRE 5+ WAGRIAREHE IR 5 Al i 545
MR B A B e A D IBE B o 50 I R Rk T i R 0 5
1 3] 2 S ATAES AN, PRBIAT S iR B2 A 4 2 5
IY AT PRI AT N, 3 AR S o o i Ay 58 0 55357
i BB BRI — k.

P PR AR R FE W A 2 A AE — AT KR |
], R T S PR U ST B AT, TR TR G
BRRER, R AR, BAEmE 9 s, b
P 22 NG 53 SR i s 2 (DR RE i R
AR () IR AR FE I R B, 43732 0.94 F11 0.92;
S 3 A AR PR S R o A L L R

T A R R R FE AR IR B, 43 0.95
F10.91.
830
P IR S A ) i
820} — = tlJL{hr_q\+|UUﬁan 1

i EIC

50 100 150 200
i [i]/min
E 9 WFEETENEE FIRRHRE X L4 R
Fig.9 Comparison between the temperature in the bottom
of furnace and the temperature of bed material

X BN : Jp e R R B TE % M X, CFB
Bl A X I RRIGEAL T R EEIRAS, DRI AR 2
~ﬁﬂ£%%wmakm;m@$%\wﬁtﬁﬁ
FEATERGAH X, AW R h (4 R o A AR K —3
I B T RRAH DX HEATRERE,  BRBE S N IR R
B, DRI 2 R R A AR M AR, SRR
FERE &

S fhE 8 2 0 R b R A 0 L ) S B
HRTE 0.8~0.9 P, KILFE AR » 12 il 10 fhit
AR A XS R [ R R A PR A 1S A A
BRBEAR 5T, DA R i b 3 52 A T A BN 35 5 i
DRI 1251, i b S B AR AR AR ZE B
TR Ae At Ll B0 P 10 s . M 10 W LLE
B, A AU KT A R . X
F2 H T M A O R ) A i e T, A
RS E T AR, K b3 0 ek

http://rifd.cbpt.cnki.net

&2 T A M AV RRAR L0, A M A R T R B
%, MNP b A O Al 2 v T 2 M L
LA, g b A L5 A A e 2 2 Bk 4 e
AR A A S AR AR L, U A FE P
AR E I LA E 2 . b B
FEMAAS D FRR AR Z2 0K, AR — I 2 22 A )
I B ZE AT RE 2 Ik F 40 “C AL . Brubm] DLHEWT, 7ER
%HﬂﬁWXEﬁEMWW%ﬁﬁE“Wﬁﬁz
ZHIATREAR K, AR B H B FRESAER

KZEH, HMEEN AR SIRALES] .
840
ol l 72 0 i
/ | [ o b A i
820+ ki g I \
\ "\ \
Y L
goof | v
© I b
‘5( \s‘ \!
g /
780 F
760+
740 L ; L :
50 100 150 200
i 1) /min

E 10 % RRE A M LR
Fig.10 Comparison of the temperature in furnace between
the left and right side

vl 0y M ke Sl N2l LTI ol - % £ [ M o L A
FE 22 B () SRR BE B AE 0.9~1.0, T 7 i 2 A5 MR PBE 2.
(] RBRBERAG, #BAE 0.8~0.9. X i3 B i s iy |
TR IR SRR R s R AR AL, X
T AR SR EZR TS FRE BT
It begs R e 11 fros

850

I b A O
S s e A ) i
IR I TR R A ) 3

840
830} ‘ I
820 N pl oy g

g10fh~ 1y Iy 1, [\”u',ﬁ
A ) L Lo 24 “*“ e 1y )

/N”\
V W

100
i) [6)/min

B 11 JPRIRE R TMAEER
Fig.11 Comparison of the temperature in furnace among
upper, middle and lower part of the furnace

B EC

goot Ny Vit “ ‘
790 ‘\a

780
770+
760

750
0




80 kA% R

2023 4

AT 11 AT, Ze 0 b b S A T A 22
BUKR, fmEndE| 40 CRAE, IR R AL B
IIATLE IR AT, P AR RO, X TR
HIF: o SOOI BEAR R T4 A T A
o SRR AGE R N R IR,
[[IRE S A T A P T o - D
b F REEARS TEAHRBHREA T 78, A
TR RAR: R LA, TR S, #H
MER, DR B AR T oAt Ay B IR AR,

BEAT, A5 e TS 2 TR R SRR LB R
£0.8 UL, BiHI P 200 LSRN A RF AR
i, P AR AT LS B, BV CFB Bl a3k
RRGRAE I RGeS 50, RN ER 2 IR BTRE E -

44 it

AL 7AW CFB RIS, IR
IR AR PR B AT O FAH SR A, SR TR
JRARIGEII AR AR AP R LR PERIZ5 180

D A CFB N, METIORA TR
Gy R Y BRERRTR I RASGE  AE )50 CFB Y 3 BIPATR I
AR AN R A AR SR RN 2Bt CFB A
RIREAIC, —MfE 780~850 C, #ibeid i, IKif
= EREL S & EATRBHAEINS) BN .

2) fER D IR L, Y5 CFB Pl BT iR
FESRBEME ZE R S5 A B IR A % AT
[ _E DA A A R AT A SR i e A {0
IR LR R bk SRR R
FATE A1 AN 5 0 A 8 A R R A A 2 7
EREPNIpATR

(& % 3 #]

[1] fEmk, EZ%F, EHUE, 5. 130 th LY FEH R
R BT 51247 [J]. W71k, 2021, 36(5):
404-410.

REN Gaofei, WANG Jun, WANG Junfeng, et al. Design
and operation of 130 t/h biomass circulating fluidized bed
boiler[J]. Journal of Electric Power, 2021, 36(5): 404-410.

(2] Stfl, 5 0%, AW E R B BORT F AR W [I].
RHALTTFT, 2007, 29(8): 155-158.

MA Hongru, SU Yihu. Research on biomass direct
combustion technology[J]. Journal of Agricultural
Mechanization Research, 2007, 29(8): 155-158.

[3] FKIT#E, sk, miie, S5 VBRI AR A H
AR Lt R[], HeHER, 2021, 43(10): 43-49.
ZHANG Kaiping, ZHANG Hongfu, GAO Mingming,
et al. Research progress of biomass circulating fluidized
bed power generation technology[J]. Huadian
Technology, 2021, 43(10): 43-49.

(4] ##h. AW b sh SR 5 5 1 [D].

http://rifd.cbpt.cnki.net

W ZRFRY, 2014: 4.

YANG Wei. Modeling and simulation of biomass grate
furnace combustion dynamic process[D]. Nanjing:
Southeast University, 2014: 4.

(5] EIEX. AW SR IR S 7L AR [I]. Tk s
P, 2008, 24(2): 29-32.

BAI Zhaoxing. Biomass boiler technology present
situation and existing problems[J]. Journal of Industrial
Boiler, 2008, 24(2): 29-32.

(6] ki, Efs, S, 55 130 th BRAMIE &K
FHA CFB i i [J]. A HL %, 2018, 32(1): 43-45.
ZHANG Rui, WANG Bolu, JIAO Peixun, et al. Design of
130 t/h biomass ultra-high pressure reheat circulating
fluidized bed boiler[J]. Power Generation Equipment,
2018, 32(1): 43-45.

(71 ZRMRM, WI0TE. @Bz I BoR (BCS)FEAY)
J5 CFB R BIR FH AR I]. BHEHEIR, 2014, 12(6): 3-5.
ZHU Dongbin, HU Mingchao. Application of general-
combustion optimization control technology (BCS) in
biomass CFB boiler[J]. Information Science and
Technology, 2014, 12(6): 3-5.

[8] HASELIY, VAN OIJEN JA, DE GOEY L P H. Reduced
model for combustion of a small biomass particle at high
operating temperatures[J]. IEEE Bioresource Technology,
2013, 23(5): 397-404.

[9] XU'Y, ZHAI M, JIN S, et al. Numerical simulation of
high-temperature fusion combustion characteristics for a
single biomass particle[J]. IEEE Fuel Processing
Technology, 2019, 43(1): 27-34.

[10] FKAESL. A=W BURRIGE I R 52 P T DUAR T g S AT i AL 3

WFFL[D]. i Wil K2, 2020: 23-45.
ZHANG Hengli. Study on formation and inhibition
mechanism of heating surface deposition in biomass
combustion process[D]. Hangzhou: Zhejiang University,
2020: 23-45.

(101 SR AW DG PRI A PR B AP PR 5 5 U5 30 1 40 #
S5 #[I]. BFEEEAR G, 2019, 23(13): 36-37.
HUANG Zhimin. Analysis and treatment of abnormal
fluctuation of bed temperature in biomass circulating
fluidized bed boiler[J]. Science and Technology
Innovation, 2019, 23(13): 36-37.

[12] 5k-F#k, s, #lihrt, 4. SZF4-1.25-D BUFE5EiR
LIRS IITFHI[I]. 9 REHIAR, 1995(5): 8-9.
ZHANG Zidong, BIE Rushan, YANG Lidan, et al.
Development of SZF4-1.25-D rice husk fluidized bed
boiler[J]. Energy Saving Technology, 1995(5): 8-9.

(131 g &, 2 EM, WA, 7R Bl et

FEEFME M AT [0]. R ARk K 2% 224k, 2001, 45(3):
290-294.
LIU Jianyu, ZHAI Guoxun, CHEN Rongyao. Analysis on
the characteristics of biomass fuel direct combustion
process[J]. Journal of Northeast Agricultural University,
2001, 45(3): 290-294.

[14] S5k, ZEH, W, 5. VBRI REs) /154y
PEIHT[I]. MR ER TR A% 274R, 2010, 15(5): 129-131.
LYU Wei, LI Yandong, LIU Jianhua, et al. Kinetic
characteristics of biomass straw combustion[J]. Journal of
Harbin University of Science and Technology, 2010,
15(5): 129-131.

[15] 7527k, R, PN, 55 AR R T #
AT TALHETELI]. BREME 2224, 2000, 45(4): 298-305.
SU Xueyong, WANG Zhiwei, CHENG Congming, et al.
Pyrolysis and gasification of biomass in fluidized bed[J].




54

B S5 ARSI A R B A PR U B A BRI 7T 81

Journal of Fuel Chemistry and Technology, 2000, 45(4):
298-305.

(161 & BT, RILAE BRI R 9 P R e IR 25 M U A 52 [D].
Jent: b 7R, 2013: 10-12.
GAO Mingming. Research on combustion status
monitoring of large circulating fluidized bed boiler[D].
Beijing: North China Electric Power University, 2013:
10-12.

(171 By, 80784, Bl Ft, & SRR BURAL R fe
[J]. FTRERIAR, 1997, 15(2): 5-7.
BIE Rushan, BAO Yiling, YANG Lidan, et al. Biomass
fired fluidized bed boiler[J]. Energy Conservation
Technology, 1997, 15(2): 5-7.

(18] wBAM, xIfh, Mk, 5. fEFR AR R Bh &
FAAI[I]. #41k H, 2018, 47(3): 45-50.
GAO Mingming, LIU Wei, YAN Guodong, et al.
Circulating fluidized bed boiler bed temperature dynamic
model[J]. Thermal Power Generation, 2018, 47(3): 45-50.

[19] E&G, Fhsdt, AL, 5. I RARIALE = /i 4
FERRATORL 1) R R A3 M [3]. 3h 0 A%, 2002, 22(2):
1697-1699.
WANG Zhiwei, SUN Baohong, WANG Lishuang, et al.
Combustion characteristics of fine coke particles in
circulating fluidized bed combustion chamber[J]. Power
Engineering, 2002, 22(2): 1697-1699.

[20] EWL. MBI IRAL RGP BLR = @285 07 7 [D]. st
b JIR %, 2011: 21.
WANG Fan. Modeling and simulation of CFB boiler
combustion chamber[D]. Beijing: North China Electric
Power University, 2011: 21.

[21] ZHANG H F, GAO M M, FAN H H, et al. A dynamic
model for supercritical once-through circulating fluidized
bed boiler-turbine units[J]. IEEE Energy, 2022, 47(4):
122914,

http://rifd.cbpt.cnki.net

[22] BCAEE. PRI o R 3 R 53 R TR AR P S 3
BEFEID]. dbat: iR, 2005: 21.

ZHAO Shitie. Experimental study on heat and volatiles
release in circulating fluidized bed[D]. Beijing: Tsinghua
University, 2005: 21.

[23] &Reh, BRE, Tr8l, % TGRS BEbetn 21

1 S 36 T 7RI AR ) BT 0], v SR, 1999, 5(1):
26-29.
JIN Xiaozhong, LYU Junfu, QIAO Rui, et al.
Experimental study and theoretical analysis on
combustion share distribution of circulating bed boiler[J].
Clean Coal Technology, 1999, 5(1): 26-29.

[24] ®ifd, BRE, XF, 5. WK E XA

SIURL IR [ 4 BIORIE FE (3], #ARe B 70 AR, 2001, 16(4):
395-398.
YANG Hairui, LYU Junfu, LIU Qing, et al. Study on
transverse diffusion of particles in dense phase zone of
circulating fluidized bed boiler[J]. Journal of Thermal
Energy and Power Engineering, 2001, 16(4): 395-398.

[25] #AmE, 1R%F, Mifgsh, 5. PEIRUALPRER I i i i) i

AR S MR AT A (9], W AR, 2019, 25(2):
102-107.
HU Nan, XU Meng, YANG Hairui, et al. Circulating
fluidized bed boiler furnace transverse temperature
heterogeneity modeling study[J]. Journal of Clean Coal
Technology, 2019, 25(2): 102-107.

[26] Z<dm, 2BM8, SRE, 5. AN KA CFB #il K
BB M), #Eesh 7 A%, 2012, 27(1): 76-80.
LI Jinjing, GONG Peng, LYU Junfu, et al. Effect of coal
feeding on temperature uniformity of large CFB boiler
bed[J]. Journal of Thermal Energy and Power
Engineering, 2012, 27(1): 76-80.

(DUESiHE HEE)




