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Tablel Common coke combustion rate models
Combustion rate model Equation Influence factors References
de .
dTr. k(TP) fla) Coal particle size, bed temperature, volume frac-
p
Coats-Redfern integral method A E tion of oxygen in primary and secondary air, fuel [22-27]
w7 o
dm, , 1

d dy /R, + /R, Pox Coal particle size, bed temperature, volume frac-

Kinetics/diffusion limited model 075 tion of oxygen in primary and secondary air, fuel ~ [28-33]
R,=C, L+ T, R.= C,exp — E type, primary and secondary air ratio
¢ - RT,

dm, 5 1 < e o frac-

=—xd,* C.. Coal particle size, bed temperature, volume frac

L d (de) + ( l/ks) tion of oxygen in primary and secondary air, fuel
Shrinking-core model ’ . [34-43]

ShD type, coal feed rate, primary and secondary air
ky=¢ k= koexp| — —= : -
d, RT, volumes, excess air coefficient

-7

"

2 CFB &R ¥ 8 MMk B MR e 28 %
H & 247

Fl

A M P9 ETIURE 1) 8 8 R AE AR R AR JE b e
T CFB g 7728 07 faf 3 3%, 4 5C 2835 718 26 [l i 1A B
WRBR TS R R R o T A R ) 2 A T
S RERLAR VPRI R R BR 2 BORMIORL B 28R 52
R T R SRR AT O I R TR R

2.1 AR

H T1% 58 CFB f b ok 6 i 70 45 kL SR I 2 0 22
KA, 38 17 IR R AR (850 “C~950 “C) , B Hik be
R AL, 4 R UKL BE R FE BB i 10 min, §F 7E
CFB I 4 81 P9 22 YA 00 s A BRI ISR, A
117 3 A% T CFB 8 0 /) 0 B [l i P9 A7 78 K 2 1 R 4R
SRR B, B CFB 8890 7 A5 30K 10 R b 5 5 4
15 1) N AR e e o RS [T R PRORL AR R
B CFB b 7= 2 3 K I 0 sh 0 M 5 4% Bt b S
FIF 5 i RE MR T

25 1R A 3 SR 25 CFB 8 b P9 ) i R e
O BRI BORL AR T 4 = CEB B YRR} R 58
R AT T R T R
SRS CFB 8 45 A MUK KL A2 /N T 30 pm B,
SR R s T B g AR T 0B 55 B A I DR sk S 40
BLTE D N AT LAFE AR s Ri A2 A F 30 pm~60 pm [1]
FA) SR JORE SRR A 0 P 5 B S T 5 EC R R e [ 3 AR R
L AE T0Y0 B UL b A fr R AT S B 4 A AR AR
S MTRLAR KT 60 pm 45 45 UK (9 B8 ) I 1] k354

https://www. cnki. net

T ER N A] AR AR, 4 R R ORI R AR B 5 mm
R 25 1 mm B, 50 BR B E) K 45 45 98. 6 %61 LA
RS EAr R W R G RGO R b R
ARV B AR 22

Z2 75 RN T A LR i S be R 2
R YRR R AR 57, 40 pm g /b £ 10. 90 pm
mF o, 2 W 3% Ak fiE B 142. 64 kJ/mol ¥ /N ] 95. 53
kJ/mol, J5E #3192 I B R AR I 3R Bl AR Ry b A% UL
ANEAEECE N o X TR A B R AR ) | R
Zx 55 R 5% BNV 1 L 2 T RS N, DA 36 AR 1 S R
Pk B 1) R WG AL RE 5 & JORE bk 1 Bk 5948
e AR ATy i T RE 5 3% B B R IR AR 1. 2
mm Jf /N E] 0. 8 mm, 25 AH X PRI B T+ &, X 2 W
TRl A 45 BERLAR BN SRR T B AR, AR
VB uN )17 8

1T 7R Sk 2 JRERL A X5 B e 46 R S50 Hy 1 BH AR TS
HH L5 A5 R 58 e M 4 BRI BR S R T 4R B s
Mo, E P LR B AR R R E Y L /N T 71 pm
8 28 200 pm DL F 48 RE R R0 AR RE R A 1 R A
FasE PEFE B0 B0 T 36. 2% F129. 0% , SRR
F&BAT BN T 46. 8% 1 38. 5% , 72 W IR I A it
3 IR s il R B R e M SO R AR 22 0 M
BT AU URE , 7E R b ek B rboREL UKL I 04 K 3 AN 5y T
W E OB R Y BUK 5E 3 InT A RAE K E
PR Sy, TS B R e R AR 25 . E BV
58 0N 3 W 45 L JORE Th O UK 43 08 TS WL ) A8 BT B
Tob R v B R S B R AR DN B AURE 1
IR 53 Ttk 43 B /N | R 43 R S B A o B RS OR
A R T 25 15 RURE ) R B

ZE LAk WA 28 o A ] R AIG HLk be o R Y



RRE PRI

5% 2 01 R 4

A A T AT F LG R B AR B AT D WE S 81

AL RE L 38 IMORE AY S S T AR, RS 5 B
{10 5 kAL RS 22 [R] A ST R AR T A A R i
BIBH T T B, AR T AR A 58 5 IR, T
3 2 R R A IR R R e T R R A R [ AR AR
HRIZIF ] o (RTS8 JRE SR J5 3 5 3 o 2 fle
CFB 4 [m] s 4 RIVER B A7 1 5 MR8 1 B A, AR T
WAL PR PN 0 R A A BB . B 2 R KL A e AR AT
& w5 CFB By 47 9 (9 88 b ik i i R, A F1) T CFB iy
Hp AR A7 T R A B T

w B =)} ~ e
T T T T
- j a

W
T

Flame stability index / 10~

<71 71-90 90-200 > 200

Partical size / pm

13
= 12t
£y
£
£ 10f
E ol
<
X
=
ZTF
g
E 6
S

5k

<71 71-90 90-200 > 200
Partical size / pm

BT 25 BORLAS N R A A P ORI RV P 115 B Y 52
Fig.1 Effect of coal particle sizes on flame stability index
and burnout characteristic index

O—Anthracite; A —Lignite
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Fig.2 Effect of temperature on coke combustion rate
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Fig.3 Bed temperature with furnace height in different
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Table 2 Relationship between proximate analysis results of

diffierent coals and ignition temperature

Tgnition
Coaltvne | CFCD/w Vo w(A/ w(FC,)/ SO
oal typ % %% w(Vy) pe
ture/°C

Longkou lignite 43.34  45.66 15.15 0.95 150
Zhalainuoer lignite ~ 40.00  45.61  16.80 0.88 160
Datong bitumite 56.55  32.10 13.98 1.76 160
Pingdingshan bitumite ~ 47.04  33.08  29.10 1.42 165
Yuanhua bitumite 53.39  13.70  35.69 3.90 210
Zixing bitumite 27.60  37.33  54.91 0.74 220
Xiazhuang bitumite  65.83 13.33  22.95 4.94 230
Shaowu coal 49.62 17.75  38.04 2.80 250
Jinzhushan anthracite  61.53 8.72  31.49 7.06 270
Heshan bitumite 3348  27.95 51.87 1.20 280
Yongan anthracite 65.51 3.55 28.57 18.45 447
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Research progress on combustion behavior of circulating fluidized bed
boiler during peak shaving
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ABSTRACT Under the “dual carbon” strategy, coal power serves as a security guarantee for
grids primarily powered by renewable energy. Circulating fluidized bed (CFB) combustion tech-
nology plays a crucial role in deep peak shaving for coal power, but its high thermal inertia limits the
load variation rate of CFB boilers. Combustion control measures, such as reducing particle size and
improving fuel combustion characteristics, can effectively reduce the flow, heat transfer, and combus-
tion inertia of CFB boilers, significantly enhancing their flexibility. The primary heat release process
during solid fuel combustion is char combustion. The common char combustion rate models, includ-
ing the kinetics/diffusion surface reaction rate model, the shrinking core combustion model, and the
Coats-Redfern integration method were summarized and compared. The results indicate that the main
factors affecting char combustion rate include coal particle size, bed temperature, volume fraction of
oxygen in primary and secondary air, and fuel type. The effects of these factors on combustion rate
and other combustion behaviors in the furnace were summarized. Reducing coal particle size, increas-
ing bed temperature, raising volume fraction of oxygen, and improving fuel characteristics all con-
tribute to improving the combustion process and enhancing the load variation rate of CFB boilers.
Based on the impacts of particle size, fuel characteristics, and other factors on combustion behavior in
CFB furnaces, researchers both domestically and internationally have developed various technologies
to improve CFB flexibility, including powdered coal circulating fluidized bed combustion and high-
temperature fuel preheating. Additionally, green low-carbon multi-fuel co-combustion technologies
can also be employed to increase the load-ramping rate of CEDB boilers.

KEYWORDS circulating fluidized bed, char combustion, load-ramping rate, particle size, bed
temperature, volume fraction of oxygen, characteristics of fuel

HIGHLIGHT

1. This paper summarizes and compares common char combustion rate models. It was found that
the main influencing factors of combustion include coal particle size, bed temperature, volume fraction
of oxygen in primary and secondary air, and fuel type.

2. The influence of factors such as coal particle size, bed temperature, volume fraction of oxygen
in primary and secondary air, and fuel type on combustion rate and other combustion behaviors was
studied. Based on these findings, measures to improve the load fluctuation rate of CFB boilers were

proposed.
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