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Abstract

To reduce the NOx emission of a 75t/h n type gas-fired boiler, a retrofit scheme was proposed by
adopting the 25% over-fire air (OFA) rate air-staged combustion mode at excess air ratio of 1.2.
Numerical simulations were carried out for the original condition and three different OFA retrofit
schemes respectively. The distributions of temperature and NOx emission are comprehensively
analyzed to determine the optimum position of OFA nozzle. Results indicated that the OFA nozzle
was arranged below the arch nose in scheme 1, which greatly reduced the area of the interior high
temperature region due to the introduction of fresh air. The NO, emission mass concentration is
lower than the non-overburned air solution. The OFA nozzle of scheme 2 was arranged in the re-
gion with the highest CO mass concentration, and the combustion at the position was more suffi-
cient. The high temperature region between the first layer and the second layer burner increased.
The OFA nozzle in scheme 3 decreased the high temperature area in the lower part, but the NOy
enrichment area was enlarged in the upper part of the furnace. The NOx emission mass concentra-
tion of scheme 2 and 3 were higher than the scheme without OFA and scheme 1 was the best.
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1. 5]

L R AL I(NOL) & BRSSPz —, MRIE CB KA T5 G HE O i (A6 52 T Hh 77 AR 1) )
(DB11/139-2015)#5E, 2017 4F 4 Aitd, JbutHhXgrd Al NOL HE R 73 #t 30 mg/m?, HafPZek
JE A HEL 80 mg/m®. HAl, EFXHRAIRGES I IREURBE R AR S M S SRR . R A
IRBMY A . A TR IR AR SR [1]. IR BB AR B SR EA P28 72 Tl e P LEUAR T
BERR . ERIPRBSI T, R AR AT GEA e DU L BT A% I B A HE R, T DLt —25
ZEA BRI A (OFA)FE AR SRSt . IR T30 J7 IR A b R SRR A A Ja e 4% b S S FE R /> NOy 14
BR[2]. A R RGN, BRI FR ) & BRRHR I BRI B . TR AR X %
Belt, BT RS EA R TR S8 AR, RIS 0 T B RR B BRI, RIS B TR R SURIARE, K E
(5 RIE AN NOy SN, A T 5 RREIX ) NOG IR BEZK T o 78 B SEURIE R B, R R b B Jr 1350 [X 4k
SN, — 7 A4S 2 BT R 58 AR R AR SR be, 53— U TR S04 23 S I N ARG 17 7 i A v il
DCIELE , AT k2> 7 #4728 NOy I A= il

FHEC TS, MR REARTERR A BNz, A A2 3 2 B AR RS XU 11 A B
BRI XX B 5 7 THLEAT T 898 Yang %5 [3145 G BUEBAFIINIZ IR, W70 T heiiiibess iz 17 7 K.
PRI IR VAT B0 B 22 G PE AT NOW HEBORAEE RS2, K INT T 600 MW ] W B JCIERRIEBR i, BRI R
W I BRI HE BT 3 m B R FREK NOL HEURI 3 S b IR 8 B 1 o 2 THURE 25 [4 156 BBk B o (R R R
AT A, B REAT 7RSO T, SR B T R TR . NO, FRRIRIE . SO R L%, B3 7
B AR AR S 407 B PR bR RAed% 7.7 m Ao BOKRZF[SIXFILZRFE#L T 200 MW DY £ ) R A2 8 4 NO,.

ik

DOI: 10.12677/mo0s.2020.94045 459 e RSE TR


https://doi.org/10.12677/mos.2020.94045
http://creativecommons.org/licenses/by/4.0/

ERTE

HERCR I & 0 i) AT TR AT, I B B i SRR T A B AT A A NO IR I D 40%.
A HIZE[6]EE X 600 MW HLALEE I FH 40 b A7 7E NOL FIFIUR B m  BREAS X IBT TR LR AR 7 A 45 £ 45 i) i, R
FHHT AL O R R e 25 AR R R e B EA T O, RIAE S b 2 SR R e 25 b 07 A1 B RS AU 1 9
B BT IR e 2% 7T LUGE NO HEBUAA 50%, Had i m] LA T2 93.57%.

TESRIS XX R /N K 7 i R R 1k S DI 9 L, AR S R [ 7o o et iRy 0 o P R e i AT T
BAEBRL, LA BRI AR NO, HERUR S B, d il — URXURE R R X 5 Ll R 2 1l 7
23%~30%. FIMRERSE[BIFBAL AT T FME MG 25 o Ghbe NI NOy A pikett, KILFIRIX AR X
NOy J5 I3 6 1) 3= B I K 32 73 A O SRR BRI FE R A Bed 2 . RIS AZIG R, FHRIX NO AE i %
AAE BRI s 30 5 XA K, NO FFIRUBT B B2 B R glisb . afe 2 S5 [9] LAKE 1000 MW i I 5 XL 1)
BRI BRI N X B, A3 T TR R B Ja 7 bt VR R AR Ak, R IR AL AR [ 2 i
fiigpr i VR SR TR . AR IE PR [101%F— 4 300 MW SRIEER I HEAT T BB 7T, 2T 7%
FRRGEARIE I IR 3 A SR BURLIR R B NOL HERCR S ma A, RILBEE RS KR I, W
TRFE AT FIEIR BE AR, NOL MR BE B R . RIS KEN 5.5%~8.5%Z I, KA e & AR S A ik
R, BRI RE KT 8.5%H, YA S Bk E AR K SR EL .

TEDUAT A% 1) NOL HETSbRE T, TR P IR BRI 25 G RS B AR R U6 52 310678, (A A FFHiiE
(SRR TERHHEA 2 Lo AR R [LLIFE T 1 BRI REARAE SEBR TR i R L, R EISE R R,
RS, AbntHE 35 th 72875 D BRI NOL HFBURAS 1 32%. ARG E A3 T 75 th o B
W T R RS A7 B S () BB AUV 7E o AR Eb T S8 R K 3 F 5 i T 6, AR SO 30
BRI 75 b T =P AN RS XU 1107 56T BRI R Joe NOW HERRIFISZ I, 25 HE B A s 1 AT
BEW, A TR S0E 77 R AR S .

2. xR

ASSCEERS — G HUE 75 K B8 75 th (1 n BB AP JEIT T VR BOWT IC o AP i RS9 14.5 m x 5.2 m X
6.6 m, fifl TN A KRR LA % 4 ST 14 MW IR EUR U beas , DU &8 &5 LR TRIFE 2 m,
PR AR 2.1 m W ARATE, R B R LK 1

%

14.5m

Figure 1. Physical model of 75 t/h n-type gas-fired boiler
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3. BUERMSZE

TP UM TS S B e L 2 ] P DO AT SR AR A AR BRI 2% 1) S B RS S5 4544
HENL 11 ZHERORIF AR ICEM [12]48M i G5 A4 3EAT AR J) 70, B2 PR HCh 5,604,186, FIH Fluent
AP [13] AT = 4EBUE AN o AR, T IR SR F bR A K-e A28, 30T B [ Kb SR FH A 4 B 1] R S AT AL 2
1 PR R S A BT B S B A AR ik (Discrete: Ordinates) . “SUkH VL BR 6 K ) 203 32 SB 784 (Species Trans-
port), K H B R b ke I AR, FLfRTALHLER 40 T

CH, +1.50, — CO+2H,0 1)

C0+0.50, - CO, @)

BB SN 1 Arrhenius 235 20UR 2 [14] -

E

K, = AT @

®)
Ah: A——181IR T n——IRERREG E——FLaE: a. b——IREEIREL. MR REE R 1 R:

Table 1. Chemical reaction parameters
#1 UERESE

A n E/J-kmol™ A) (B) a b
5.012e11 0 20,087 CH4 02 0.2 1.3
2.239¢12 0 24,417 co 02 15 0.25

BRI AL [15] 0] 43 N LR =3 §7 /1) Zeldovich HLEE(EFHA S BIHLER) . Pk NO HLEF
PRRMENLEE . PR dr P A AR B B DA B NO N, U i b 1 i), HAR 2 RN

HHN[16]:
0, <20 (4)
N,+0O << NO+N (5)
N+0O, <> NO+O (6)
FERB KRR =R, E2FH
N+OH < NO+H @)

AT NO Ml 751 K 1 B B BE SN, R U R il 1 A A, UL OB
L P A B U B TR L o NOW A G R [14]04 :

 kyiky, [NOT'
151, o)
M a0 ]+, [0F]

Xd: a fl b——IEF S FIARRIE AR B Ka1s Koo 1 Kazg——23(5) (6) (7) IR BEER: ky1s kpo F
Ko s FH I [ S LR A, BLAR S R I AR BB AN 2 T«
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Table 2. Parameters of chemical reaction rate
%= 2. WERRIERESH

S8 /me- (mol -s) AR
K 38370
al 1.8x10% T
K _4680
a2 1.8x10% T
k _450
a3 7.1x10e T
K 4%
b1 3.8x107e T
K 20820
b,2 3.81x10°Te T
Kk _24560
b3 1.7x10% T

SR B 3R 1 90507 S (SIMPLE) S LR /7 5 P HOASr,  FH —A XU sX 47 SR A
4. MRAKEARSLFRARE

N T R Z 75 th m R NOL BUHERL,  SRATIA R RGBSR AT S0, 32 ZEWF TR R
FIRE B AP i P PR B R (2, AR, T = R S A BT 5, WAl 2 fror.

Figure 2. Comparison of three schemes

2. ZH75 REILLER

FETT S, BRRRE DAL T A 5 2.0 oK, BRARIEH D KA R i X, AR KURT DU
JS7 3 FEARAZ X I B AR o AT G s RS RO A MRS In 7 4.8 oK, SMAKERR AT AN
= REHIRR SR CO IR L e IO DX, BRI AT 45 CO RER . FET7 =, R I iz
T LRSS L5 2.0 m &b, BRAR Y KOG TR EAT CO IR BERR A X 45k

Bl R R R TR BN 1.2, R =07 G SRR XU B s B D i XU 1 25% . AL
10 G SFATEAERE DRI 2 SR8 B CUPRRL AN 2 SUBIR E « H E Jh BE TR 55, A SR
K BIAFAFAF A 3 Fow
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Table 3. Setting of boundary conditions
=3 MAREHERE

ZH HfE
TEIRRRTT & 300 K, 63,974 Nm®/h
PARP LA 2
PR R T & 300 K, 47,980 Nm*/h
TR T & 0
IR
PR R & 300 K, 15,994 Nm*/h
HE AR S5 5600 Nm*h
Al ANE S FJE710Pa
Pt TH S5 600 K
HAhEERI S5 il

5. &R 5V}
5.1. 2ES%H

K 3 gt AN RIRR A 0E J7 58 R At b LR T (Z = O ) A B i O 1 il 5 041 (L b I B A K) e
ML 3(@) Al A i, TR AT R, il X R ST B 4 e A 0 R 7 DX 77 5 FORRR RUsE 1 A
BTYEMEI N7, BRACIE N o 25 2 b i v DX SR AR RIS i 2 18] A L SE 201 BE )
&), ik 5(b)FTR . 77 5 T HIRRR KU AR BT CO ik B e (4 DX A A A5 A B RGeS B BE 78 53, BT A
S R AN SRS R RRR 4 ) P vl DRI K T 5 = AR XS U A B A A4 S AT AT SR EN 8/

T TP R e DX T AR
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Figure 3. Temperature contours of the boiler furnace at various schemes (Z = 0 m)
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4 gt 1 ANTR) T3 S8 P K ST AT AR T B P R A i e BE AR A o MBS AT R 28— R
JoRJoe s DX I R SR 58 4RI AEASAE P T 10 m A ik 31— MR BE VA o T o T AR A I ) B 4 326 44
B, P DV AP R T A T B BEAE I e B N, 55 R MR e A A SR AP XX Jt 2 Y i
i AL, TR 12 m ARJTAG, b R AP R AR R BT TR =, AR 14 m
KbV BRI RIS 1, SET AL A SN AL AR BRRS AR AT IR BE, (ER A B i 2 R U, XU
EE T —EIRRIER, FTUAE 13 mabr R —. =W HBE 60 K Aiti. 2/E, BRRIEH “ 5
AR XA IR R Aa N 2, B AT % —. =, IR T2 60 K Ja, BEAE b g,
S AR A P 2R R BT TIEHR KT S A S T3 58 — I F AT HE 14 m AL B IRR XU 11, i AT
AHE— ZHPni TGS,
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Figure 4. Temperature distribution along the furnace height
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5.2. NO, RERE 537

5 g5 T AN R T R i oG AR TN (Z = 0 m)Ab i) NOy R B IRIE /0 A . IR el LLE S, 3R
SRS T 7 R — M LT IEHRR AT 56, NOy A2 X 3 DA J AE i Sk P AT A AR Kt , AR R A i —
T3 THI ARG 1 0 Jt P I, 4k 1 AT NO A, 73 — T — IR E S AR BT 1 Mg TR X,
AR NO FE X X AN B A & . BEM BB, IR R Npo {H 277 58 MR AT ) 6 B 5
A EEEN N NO A= fl. BEHHTE CO i Sy B S i 1) DX IR IR R T, AN T A% NOy AR R, BRI
CO Joit £ 5 ot e PR DX A b T A IX, 7R G XA IR X, 8000 X8 IR T NO A il
T7 R =R PAEAR TR IATT e NOy B X o, AER MR RUgE 17 B0 ] 1 e b S e i
B4 B NOL A .

Kl 6 25 H TSR T S8 VR B v BE D7 TRl AN TR ZK PR T | NOK SPISVR BE 73 AT e IERZHEOR I F, R
ATT R A REEMENOH, TR ZAMUBA PR NOHRR, Sfi Tt 1 NOGHEBG 77 % — Ak icy
MG NIRRT R — MR =R, BRWA T IR A I B R B &EE 8 m, (HF R
LI NOWHETIR T 77 22 =10 NOWHER, JR IR 7 %8 — IR XSS LT BAEHTIG M T 7, oAb K I il X8,
FAEG T 77 5 =S e R B il DX PR, AT NO PR SR BE i o bR Il 3 FHIE| 5wl UK,
P 4 e DX AN I NOy A= BT Bk B it v 1) X33, 32 RSy NOy 2B R bG8 S S PE R[] B A ¥
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Figure 5. NO, mass concentration contour at section Z = 0 m under various schemes

El5 TEAET Z=08E NO, RERENH

300

- ERRRITR
250

N

(=3

=]
T

NO, HE#%/mg-m
2

6 8 10 12 14 16 18 20
J7 B i B H/m
Figure 6. Average NO, mass concentration variations along the furnace height
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