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Abstract

In order to study the carbon reduction and low-NOx combustion technology of thermal coal-fired
boiler, this paper investigates the mixing and combustion of biomass gas and pulverized coal in a
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four-corner cut circle boiler under oxygen-rich conditions with different 0,/CO, volume fraction
ratios by numerical simulation, and analyzes the flow, heat transfer and combustion processes in
the furnace. The results show that: when the O, concentration is higher than 29%, the overall ve-
locity gradient in the furnace increases, which is favorable to the full mixed combustion of pulve-
rized coal, thus improving the combustion characteristics of pulverized coal; with the increase of
0,/CO; volume fraction ratio, the overall temperature in the furnace is increased, which is favora-
ble to the improvement of heat transfer performance in the furnace; with the increase of 0,/CO;
volume fraction ratio, the overall CO; concentration in the furnace gradually increases. The CO;
concentration at the furnace outlet is in the range of 70% to 77%, which is conducive to the cap-
ture of CO,. Meanwhile, the concentration of NOx in the furnace chamber also gradually increases,
mainly because the temperature in the furnace chamber increases with the increase of O; concen-
tration, and thus the generation of thermal NOx is greater.
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Figure 1. The schematic diagram of boiler burner arrangement

and circle cutting
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Table 1. Proximate and ultimate analyses of coal

= 1. RHTRSS T4

Tk 4 w ar/% TEEDHT w ar/%
AL HA/
w w w w w w w w w (kJ/kg)
M) (A) V) (FC) © (H) ©) N) )
16.00 5.04 28.05 50.91 64.00 3.78 10.08 0.67 0.43 24.320
Table 2. Biomass gas characteristics
2. EYIRSAERRIF T
= I
EHR AT B R g, SO
3 3 3
N, co H, co, CH, H,0 (kJ/Nm’)  (kg/Nm”) (kJ/m”)
40.30 25.49 21.53 8.00 0.45 423 1.078 1126 1.6 5696
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Figure 2. The grid of boiler longitudinal section and burner cross section

B 2. SRAPNEIE S AR SRR S A

NP BT SR A R L, B S EMECARER  r E EA TRO SRR R
MR AT R RN E RS RRERE, SRR s S0, Bk R k0 5EMIR
SHIRBE . FER BRE . EREHE LU IS B S A . A SCIEHEAT NI, BT XTIRR A &AL AR e 4
MR ARRNER 3 PR Herh, AN Be R I BT & 70 L PDF BERLZIEIAGE a1 A6 oy — MR & il L,
TR R AL RES 5 — A AR R RIS 20 80 9% A SO A S8 35 2 RO (R AN A= 53 0)
i IR BT EHORTUE SOSIRERR, ZEW 5 UE SO G - TRA 22 B s 77 R0 R BT -

P25 (R 18] 240) TR 5 70 B f T RE A

Z(om)v-(oT) v o5, m

X p VI v BRI s iR E R A H e, B 0.855 RIS, AR i & d R RERIORE (4n

B N
FENRE BT Z ISR TR

%(PF)—FV -(,0\77) =V [%Vﬁj—i_ Cgluz (sz?)_cdp%F o

Kb fr=f-fs HHon CHM CoraliL0.85, 2.86 F12.0; eNFEHIE: MR BIEE.

DOI: 10.12677/mo0s.2023.125392 4297

RS


https://doi.org/10.12677/mos.2023.125392

i
-
il
e
=
4

Table 3. Mathematical models in numerical simulations
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Table 4. Setting of boundary conditions
T4 LDARFHENRE

T H 24
AORE =N EEuE
R E JE 7 —40 Pa
RE 700 K
BETH] g 0.6
BYHH R reflect
= 460 K
HIR3} TR 1
BB 2SR trap
iEsit] Rosin-Rammler 7377
B kA kLA 56 um
VARITELE-t 1.5

AR SR FEAS [R) SR B 1) B SRR A N AE U R S R IR IS R P R A . R S A R R, &
BT 8 MR T, Horf Oo/COL RT3 HL L 20 1A 21%/79% 23%/77% 25%/75%~ 27%/73% 5 29%/71%
31%/69%, 33%/67%, 35%/65%, UREBHMTT, MRS C ZmE I AEB RN 30% 144
JRR, AR EN 44.47 m/s. 8 B LI N AEVIR AR IIRE SN 363 K, —IRIRIRIH 337 K, IR
MRS AR IS 484 K, B RBARFEN 112, BAAREWE S Prx.
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Table 5. Simulation of working conditions

=5 RETR

R 0 (0)/p (COy)  HMrE(kg/s) MM E(Kgs) —RKAE(Kkg/s) R E(Kkgs) BRI E (kg/s)
1 21%/79% 243 296 74 126 96
2 23%/77% 243 270 68 115 88
3 25%/75% 243 249 62 106 81
4 27%/73% 24.3 230 58 98 75
5 29%/71% 243 215 54 91 70
6 31%/69% 24.3 201 50 85 65
7 33%/67% 24.3 189 47 80 61
8 35%/65% 243 178 45 75 58
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Figure 3. Velocity vector diagram (m/s) of section in furnace (y = 7.31 m) for different O, to CO, volume fraction ratios
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Figure 4. Cloud diagram (K) of temperature distribution in the middle section of furnace (y = 7.31 m) for different O, to
CO, volume fraction ratios
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Figure 5. The average temperature distribution of the cross section along the height
of the furnace for different O, to CO, volume fraction ratios
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Figure 6. The distribution of the average O, volume fraction of the cross-section
along the height of the furnace for different O, to CO, volume fraction ratios
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