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Abstract: In order to explore the effects of mixed coal combustion on reducing the carbon content of fly ash in a
subcritical 600 MW natural circulation balanced draft boiler, three types of coal with significant differences in
characteristics were used, and numerical simulations were combined with experiments to study the mechanism of
mixed coal combustion and its relationship with fuel characteristics, burnout rate, and carbon content in fly ash in
the stratified combustion process of the balance boiler. Based on the results, a set of coal blending principles are
proposed to improve the combustion characteristics of coal powder in power station boilers. Firstly, three extreme
operating conditions were set up, and high-quality coal was respectively focused on the upper, middle, and lower
layers of the burner for combustion. And then, through computational fluid dynamics (CFD) simulations, it was
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found that when the coal powder airflow of the balance combustion boiler flowed upward, and the high-quality coal
was distributed in the upper layer of the combustion chamber while the poor-quality coal was distributed in the
lower layer, the residence time of poor-quality coal in the furnace increased significantly, allowing it to fully
combust in the high-temperature area of the upper layer, resulting in a low carbon content in fly ash. Furthermore,
based on the analysis of the heat value, volatile matter and ash content of coal powder in different combustion layers
under various working conditions, it was found that the difference in heat value and ash content is the main factor
influencing combustion characteristics. Based on the actual operating conditions of the coal-fired power plant, a
more realistic set of coal blending scenarios was established, and numerical simulations and on-site experiments
were conducted, which showed that the overall combustion characteristics of coal powder under each working
condition followed the aforementioned rules, and the carbon content in the fly ash reduced compared with the
original operating conditions. Finally, the coal blending principles were established, which take into full
consideration of the actual operating conditions of the power plant, recommend high-quality coal with low ash
content to be used in the upper and middle layers of the combustion chamber while poor-quality coal with high ash

content should be used in the middle and lower layers of combustion burner.
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Fig.1 The thermogravimetric curves of three coals
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Tab.1 The characteristics of coal types in actual combustion of boilers

JEE I TS
war(C)/%  war(H)/%  war(0)/%  war(Na)/%  war(S)/% War(M)/%  War(A)/%  War(FC)/%  Waar(V)/% Qnetarl(kJ kg )
BT R 51.20 2.70 2.430 1.06 2.390 8.10 3212 46.42 22.35 19900
FEh 1 70.95 4.42 1.549 113 0.731 1091 1031 48.46 38.49 27 463
Fiph 2 30.04 3.08 0.966 0.93 3.284 3.33 58.37 25.42 33.63 13739
FiFh 3 55.62 3.68 7.713 0.48 0.467 28.71 3.33 44.96 33.84 18943
TR 44.53 351 2.240 0.91 2.180 9.46 37.18 34.44 34.88 18 037
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Fig.2 Schematic of subcritical 600 MW coal-fired boiler

ZFHRITIE
2.1 {REVLGE

SRR FEHE T (TRL i) HEATHER A Bk
ERATE L, BT A R A R
SRR GE RIAT AT, RFEE— P 5%
H S EOAT LR, P B TSR R A i 2%
PERAEH, TN EZBITSHNEK 2, H
1, A, B. C. D. E. F6 &EBHLISITI &Rk
MR, SRAREILZ LS. R 3 NFEMETH
T, R DA bR AR R
B e R H R P R v S AR UM Rk
oo 12 3 AT LUK I, HE A5 2 1) &AL IR
FEAE S5 HEIRZETE 5% LA

Bl 3 g B v b o i o T )36 P 5 3
Ao HHE )ik oL T i oo AT PR T B2 40 A
AICLUE H, TERT G B R Geds X b R R 2 m) 1
R, TERRRRAS B AR SRR oK, SR NIPE
By BRI NI PR R, 35 SRR X I o
R TSR O (IR o BRIS BR HH 11 SR 7 X 42 26
58, SR BRI, R AR AN
PR, FRBRBERRIR 2, 2R A i SR NI
B MR O KRR 58, A7 AE [B]
WXk, EEEEUN, HEAE TR AR KU R RN
X BTG AT Az . i1 3b) e LAE . FEHE TR
P KGR 70 T BE BRI, Ry ROREAE A i o [X 8l
FIRGe, mR X AR TR G R R T T
PAGT R ERRXFIRRR X, 5ok 32 B AE MR HRAE,
e DX e P A, ATIAF) 2000 K U X E R R

http://rlfd.cbpt.cnki.net

WS BRATIRBE A L CO BORbe, TRBERUIR, R
JEWT AP I vt B2 7 D R AL, H A 1 2
W, IR R X A BRI bR X 5

x2 BETRMEEETSY
Tab.2 The main operating parameters of benchmark conditions
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TN (kg s 386.8
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PR KIRIK 598.0
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Tab.3 Design and simulation values of temperature at
various parts of the reference working condition
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Fig.3 Velocity and temperature distribution of the center
section of the furnace under reference operating conditions
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Tab.4 The coal blending ratios under condition 1~7

WRlse TH1 T2 TH 3 T4 T#H5 TH6 TH7
EF #ikeds (FD 0:10:2 0:10:2 10:0:2 3:7:2 6:6:0 3:7:3 5:8:0
BD ks () 0::11::2 10:0:2 0:10:2 3:7:2 2:8:3 4:8:0 5:8:0
AC #Rless () 10::0::2 0:11:2 0:11:2 3:7:2 2:8:3 3:7:3 0:6:6
#F5 TR1-TR7THRELURXKRERE Hfr: %
Tab.5 The burnout rate and carbon content of fly ash under condition 1~7

i H TH 1 T2 TH3 T4 TH5 TH6 TH7

IR H 96.9 96.4 99.9 94.8 98.3 96.2 98.7

KRR 11.9 76 0.1 35 1.7 48 1.1
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Tab.6 The carbon content of fly ash and slag from
experiments under four coal blending conditions
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