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Abstract; In order to realize the waste biogas recycled as reburning fuel in industrial boilers aims to reduce nitrogen
oxides (NO, ) high efficiency, which can achieve resource recovery and NOx emission reduction. Characteristics of
industrial boiler bed and furnace were simulated by combining FLIC and FLUENT software, and the effects of CH,/
NO molar ratio, biogas dilution and biogas nozzles arrangement on in-furnace NO_ emission were investigated. The
results showed that the CH,/NO molar ratio and the degree of mixing between the two were the main factors

affecting the reduction of NO_, and NO, reduction efficiency increased with CH,/NO molar ratio and biogas dilution

s
ratio increasing in general. When the CH,/NO molar ratio was small, the dominant factor influencing NO_ reduction
efficiency was the mixture degree of them. When biogas was diluted to a certain degree, which could guarantee
possessing sufficient momentum to mix well with the main flow, the dominant factor influencing NO, reduction
efficiency was CH,/NO molar ratio. At the same time, increasing of biogas dilution ratio was beneficial to reduce
the loss of gas incomplete combustion. To realize of NOx high efficiency reduction, the biomass nozzles should be
arranged at the front wall, and the position should not be too low. This paper could provide some reference of biogas
for industrial boilers combustion and NO, reduction.

Keywords: traveling grate combustion boiler; nitrogen oxides; reburning technology ; numerical modeling; biogas;

FLIC

REMLY) (NO,) ERIPEE—RAN RN 7 REIHE T R E R F] 2020 4F, NO, HEMUE %
SRS RIR T  BRE MO b2 = HI7E 1574 J7 « N, %8 2015 45 F & 15% . Fo R
JETL S NO, HEZy b 4 B R B 15% , 55

gﬁgﬂﬁ?s: 2.018;%)? . R AORJAE FL 3l B A L, G IRA T R 0 B B A A AR
BiH . EZFREAHA TR (2017YFF0209805 ) ; [# IRl 2 S S . . v )
o corencons ) T PR S B R B S, T
EBH T £ UE(1990—) , B, it RN NO, WHER B S S X
FEER(1977—) , B, Hi%, WS, L . . X o .
(1957 B %8, ML I TR (AR A0k ) B A2 —Fh B 0% (TR

BIEAEE: B, yagim@ hit.edu.cn A NO, FERIBAR , E R F-FHERIORE 1 14 [ RE T3



514

FXAE, S BRI AR R R A A S e - 53

FRRIXAE R NO, HEFT IR R A TR AR R
AT BRI (CH) AW Ay R A
Tl g9 N NO, I8 I AR 2y e Bt A i1k ik
JE(SNCR) M B ARG Je 25 KA ) S 45
AR (SCR) WL PR A AR Tl
B NO, WHEH N R ARGE A 22 | [ H AT AR E A
M AR 7 IR K R AR A R AR TR AR FE R
CH,) BHEm ms AP RO 4 X AU T RE Y
TR, T ELR R 7 A Y A A A T I 52 e RAUER .
ORI ANER ) R b B PR ARORE , AN AT 52 31
TRATEIRA [BISOR AT, iy EL A ] S5 RE g w] X 4
Y NO, AT, PT REARAi l JBE  SA3

ASCH A FLIC B2 ¥ A1 Fluent 2R 44X Tlk 55 4
PRIZ R i 2 18] A R BE R AT 1 R H0R A i T
WU il S A JBT2H 53 53 A1 IR 2 e | R TR
JL 1 CH,/NO BEZR LE ¥R U B LLAITH UmE H A
J5 OGP I BAE Je NO, 3 R PR ) 52 e LA, B8
h CH ZESUARRRRHE Tl B vh A Be S 3 It NO,
R fE—E S %

1 BERA L Mg

AR S TR SR AR % i B LR 1L A
AR LT HE S, LAY SHL35-1.6-A 11,4
HEA R m AR 35.38 m?, B BETRE 2.94 m, 95 JE
4.68 m Mt BT 10 i KA 9.51 m. TR EE =
JE RN T BE T 1) AR 30 Ly F 2 T 1.

1—RE& ST 2—IRAME M 3—RAR KM O 54— e 11y 5—
JHER Y 6— WAL

1 WPREFEERE RN
Fig.1 ~ Model of furnace computational domain and boundary

conditions

TEN i D A5 AR A R A b, H B RO T (y =

1.55 m) , AW (AiES y = 3.0 m, y = 3.6 m, J5 k%
y=3.6m —F{E) BT (% y=5.1m),
A1 W 11 359 0 e 5 B a1 494 4 A~ SR ICEM
B S SR A R A X6 45 1 Ak DXk aE A 7 Jeg 8
B FEURE TOMER B0 A L, 25 A % T RS B A
2T BRI Bl 124 5.

B R AR B B W % 3, 4 B0 K B ]
W g, AR By Bl A CHL (60 ~90% ) \H,S (0~
4%) .CO,(5% ~25%) Fl H,0(0~5%) , 4Ll f JH]
TR AT BRI 1 7.

F1 ERUERESES SHHRSH

Tab.1  Composition and volume fraction of biogas used in
numerical simulation %
cH, H,S Co, H,0
75 4 16 5

2 WEITEEHFEM

21 KRESKFETEESMNBES

K FLIC F1 FLUENT 38X IR J2 A Jie ik 47
AT, 1207 7 B 38 2 AR R 8 o i - IR )2 28
SRV P B TS B AT A8 B, ANl 2 BOR. ZAC
FLHRE R FLIC RIZTHE S A S50 W 10k
S, Xk FLUENT % i i3 0 A H i1 5% FLUENT 1
B RS G & FLIC, O FLIC 53 $2 A48 5 44
M. WA A8 FL NS BN 38 EL K A ST AR
RUR A X T Tll A B ARk e HE A TR L. 558 7
S HEA B IS, 207 R TR A 28 B S
BTSRRI B Yang 257 B SCHR.

FLICARZE ke
T A il

A

FLUENT
SATHER

A SEL
FLUENT R AA T

EEY A
Lk

FLUENT45E
........... N LRsEELNTERS

e g
S <@%>QL
Ik

FLIC
RIERA

SERG T

(a) FLIC/FLUENT #8444 (b) FLIC/FLUENT #§4
R Bl
B2 FLIC/FLUENT SB&#EMIT AR AEE
Fig.2 Combined simulation method and flow process of FLIC/
FLUENT

2.2 B BRIGRIEE
BN R BN R T AT B2 k—e XU R AR X,



<54 - MoK O T

FHEZH 3 B RAAR S R T A 53 im A A SR SR T P—
1AL R R 7 - BE RS 1 Coupled
Bk R B EOR A PRESTO #% 2K, HAthI5R A —
i 2000 XU s X
23 BRRUHERZE

A CH,/0, 925 i s L E  CH, 5 NO
e W4 NO, bR Mo, TSR

CH, + 20, — CO, + 2H,0,
CO + 0.50, — CO,,
4CH, + 6NO —4HCN + N, + 6H,0,

fNOx, X LG T _fNOx,JTleﬂ‘l AL
Mnox =

f NO, , H:AH T

X, fro, B NO, BTEHKE  mg/m’.

BAE B E Z AT

D)W A D B, s IE O B Sk 4l
Ay HRE TR BE 43 A o FLUENT 1 FLIC 3k 424k

2) WS 1 A . B T A R KR
400 K, HAlh 300 K.

3) P R T 3 AR . AR R T B, A HE A
JEHE 750 K, HAMBE TR 500 K, B2 & 5% 0.8 L
FERETH].

4)ypropE it O RAE TR OB O TR
J1-20 Pa; FIFHRE 1100 K.

3 H#ERGM

3.1 FLUENT {RETE B REH

FLUENT JJi 38 23 15 A 3 A 4544 R
& 2 fi7x FLIC/FLUENT #AAH B k15 2] 1Y
LS. ARSI T R B R, AR 2
FEM ARG A3 B LR 0 3 Y R 2 K B T 1) 43
At 3 iR,
32 EMTATHRBRE

RAETR AR AT 1 T 5 BLmib T8 % T
LT B B Ty 1) AS () AT I B2 43 A ] 4 TR
4 (a) BRI, 7600 i rpoi o7 8 0 BT v R X O
X R R R AR o] R 4L 43 (£ 22 CO)
5IRIZHIEA B =R RGBT A 5 S8 SR B 18 i 5
W B v B 5 1ol FRRLEE 4345 2= R PR AT R 2 43 3%
WRRRS ;s B Kl s LR AR IR AR SE AL X L B
4(b) 0, R KA R X B TS BH
i, eGSR B3 1T, 38 LA 4 P A 45 BR B
[i1) 5 R A O XU R B A AT 3 5 m] BA <5 83
RA, X G R T SRR

B A N SR SO %51 %
025}
= 020}
=
X
iE 0.15}
i
3.%0.10-
=
T 05|
ol
0 1 2 3 4 5 6 7
T IRJZ 4 B 7 18] 57 B /m
(a) SRS MBI
1.81
——SRHE 41400
Al.5‘ —v— SRR 11 200
21.2- {1000 ¥
= e
909 sooﬁ
& v
= 1600
o6
1 400
0.3
; ; . . i ; ; 1 200
o 1 2 3 4 5 6 7
WERJZ BTy [ 37 ¥ /m

(b)) A3 IR JE 23 A1
3 BREBREABSERE EEMBES S
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