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Experimental study and numerical simulation of preheating

combustion in circulating fluidized bed
PAN Fei'?,ZHU Jianguo"?,LIU Jingzhang®
(1. University of Chinese Academy of Sciences ,Beijing 100049, China ;2. Institute of Engineering Thermophysics ,
Chinese Academy of Sciences,Beyjing 100190, China )
Abstract: In the process of preheating combustion of circulating fluidized bed,the combustion process of the preheated fuel in the down—
fired combustor( DFC) is very important. In order to study the flow characteristics and combustion characteristics of the preheated fuel in
the DFC,the computational fluid dynamics software Fluent was used, combined with experimental methods, to test and simulate the com-
bustion process of the preheated fuel in the DFC under different secondary air nozzles. the differences in flow characteristics, tempera-
ture characteristics,component concentration distribution characteristics and nitrogen oxide emission characteristics under different air dis-
tribution methods were compared. The results show that during the combustion process of the preheated fuel in the DFC, the secondary
air can entrain the flue gas and reflow in the upper part of the down—fired combustor to dilute the reactants,and the recirculation area is
larger when the air is distributed at the central nozzle. Under different air distribution modes ,the temperature distribution is different. The
peak temperature in the DFC is 1 459 K when the air is distributed at the annular nozzle, while the temperature peak is 1 555 K when
the central nozzle is distributed. At the same time,when the air is distributed at the annular nozzle,the high temperature area is smaller
and the temperature distribution is more evenly. When the air is distributed at the annular nozzle , the mixing of preheating fuel and second-

ary air is more sufficient,and the reaction between high temperature gas and air is more intense ,which is helpful to the ignition and heating
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of fuel. When the air is distributed at the central nozzle ,the concentration of CO and H, at the top of the DFC is higher,which helps to re-

duce NO,. What's more,a higher temperature promotes the gasification reaction, forming a reducing atmosphere , which is conducive to fur-

ther reduce NO,. When the central nozzle is used for air distribution, more nitrogen oxides are reduced, the NO_ emission in the tail

flue gas is 107x107°. When the annular nozzle is used for air distribution,the NO_ emission is 121x107.
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Fig.1 Schematic diagram of test system
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Fig.2 Schematic diagram of secondary air nozzle
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Fig.4 Particle size distribution of Shenmu coal
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Table 1 Proximate and ultimate analysis of Shenmu coal

Ty #7/ % TCE I/ % Quet,ar”
M A Va FC 4 Cu H,q 0.4 Swd N (MJ - kg‘l )
5.39 6.39 30.18 58.04 70.84 4.15 11.80 0.52 0.91 27.72
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Table 2 Experimental conditions

Ve, Acrp Vi Vg Ase Vi Are

9.93 0.47 8.88 0 0.42 8.04 0.38
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Table 3 Proximate and ultimate analysis of preheated char
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Fig.5 Particle size distribution of preheated char
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Table 4 Preheat gas composition
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CO RSB % 7.84
O, 1T 5340/ % 0
NO )%/ (mg - Nm™) 0
NO, # &/ (mg « Nm™) 0
N,O ¥/ (mg + Nm™) 0

1 A AR Bk b —86 43 C e TR
oy —#B4r C LRSI AR &, R8s
CO.CO, .CH, AU A il S AL G W, 5 18 51 At A &
Ao AR D RSB A T IR, EIE

i A = 2 O Yl O o T8
M1C1_M2C2:
” [12Y(CO)L12Y(C02)L12Y(CH4>}, (5)
“l 28 0 44 16

Hob, M, iSO BT R R B Y (CO)
Y(CO,) .Y (CH,) 4%k €O, CO, Ml CH, i & 5
B M, ML 5300 R B KRS T AR e ) I O
C, R MR MR Tk h C TR T
B, AR R E IR AR BT R R Y 14.27 ke/h,
SRS AL oKy ek LR, 25 PR3 R Ak
IKATEE D BB b 2R RS oK S B AT
IS BAE N A TR A AR BRI
TR RS T EC KU 2R, TSRO S (T
1 RIS IR T 00) o Fer m S Z R XL iss 11 5T
S 5 my 9 IR S 5T L A 5 g, SRR
U B A kg/h

/

o

x5 EHTIR

Table 5 Simulation conditions

my/ my/ me,/
T Ase A,
(ke b)) (kg-h™) (kg - h™)
1 11.48 0 0.42 10.4 0.38
2 0 11.48 0.42 10.4 0.38
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Table 6 Chemical structure parameters of preheated char

S Po Co My M o+l
EAg(ER 0.625 0.012 6 32.1 302 5.12
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Table 7 Reaction kinetic parameters'>*—"

S A/ E/(J - kmol™)
6 2.119x10" 2.027x10%
7 2.239x10" 1.7x108
8 3.9x10"7 1.7x10%
9 4.4x10" 1.255%108
10 0.002 7.4x107
1 1.5 2.306x10°
12 0.05 1.807x108
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Fig.6  Comparison of simulated and experimental values
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Table 8 Composition of flue gas

WiH 0,(dry)/%  CO,(dry)/% NO(dry)/107°
URRRIEN 4.40 15.50 102
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