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Integrated modeling and performance optimization of flow field homogenization
in SCR denitrification system of coal-fired unit
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Abstract: The denitration efficiency is closely related to the uniformity of flue gas and reductant agent within the
selective catalytic reduction (SCR) reactor for the coal-fired unit. Based on the established mathematical model for
SCR denitration reaction, a user-defined subprogram is used to couple the multi-component flue gas flow with
reaction process. The reliability and effectiveness of the CFD model are verified by comparing the measured and
simulated data of the SCR performance of 330 MW level coal-fired units at different loads. According to the
hydrodynamics of flue gas and reductant agent together with the chemical reaction process in SCR reactor, a new
intensification scheme is proposed by optimizing the structure of deflectors in front of the ammonia injection grids.
Furthermore, the effects of operational conditions on emission mass concentration of NO and NH3 are investigated.
The results indicates that, the maldistribution of the incoming flue gas to the ammonia injection grids leads to the
poor mixing behavior of flue gas and reducing reagent. However, the denitration efficiency of the SCR reactor can
be improved by about 3.37% through adjusting the upstream guiding plate structure and installing the baffle around
the flue duct wall. Taking the SCR denitration device in this work as an example, the appropriate molar ratio of
NH; to NO is 0.94 when the initial NO mass concentration is 650 mg/m3, which could meet with the emission limit
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for air pollutions of 50 mg/m? for NOx and 2.5 mg/m? for NHs3, respectively.
Key words: coal-fired unit; flue gas denitration; SCR; flow field optimization; numerical simulation
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TEALFRFLIE TR A R 5 M SR B 2, 2%
I R A2 52 (AL TN 3 43 A R 1 SCR i
il S NI R AR RN b SR 5 2 B R Y 5 B s 4y
KT NO 5 NHs HERUR Bk o KT Tl AR
SCR AR R 40, AL T AEEAR R B Hk 57 5
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Fig.1 Schematic diagram of geometric structure
of the SCR system
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Tab.1 The flue gas composition and SCR system operation

parameters

ZH HE
BIES R Gr/(m3h™) 1.25%10°
SRR G/(m3hY) 6.25%10°
SR TIK 623.00
Oz AR $1/% 3.99
H20 1A 73 #0/% 6.98
CO2 RF 5 %1% 13.57
N2 A F 73 50/% 75.45
NO JFi & Cno,in/(mg m3) 800
NSR 0.96
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FEH. WAFEEN A E. SR, RRESTE
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g(pu)w-(puu):—VpW-?wg @)

0
a(pE)+V-(peU) =-pV-u 3)

+V-(AVT +7u->'hJ,)
0
a(PYk)+V'(PUYk):V'Jk+Sk 4)

s oS, kg/mds u NESTE, mis;
p AETI, Pa; 7 ABIVIN ik, kg/(m's?); g~
AR, B 9.8m/s?; T AMSIRE, Ki ANS
WA, WIm-K); e NELAAE, kilkg: h MBS H
oy kA, KIKgs d RS ki Bus s,
kgl(m2-s); YicASAHAL Y kK R E SR N
ORISR B P A ARSI, F S BB 7 2R M
£ SCR AT JZE P 56 BRUBLAR SR, e Hp 3 e B
79 NO Hi NH3 B Jf #4628 N (X(5)), [FIBS f1Fl ik
JR 77 NHs 1 H S84 (5X(6))-
4NH, +4NO + O, —> 4N, +6H,0 (5)
4NH, +30, — 2N, +6H,0 (6)
SCR J M. #% A A B B M AL OB, A
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kmol/(ms): Cno 5 R, 4rBIMSHH NO 5 NH;

JEEIRIREE, kmol/m3; 6, 4 NHs fEHEALTR 7
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TR, 9;H3 A NH3 78 25 RIE FHE; kno 5 Kox 7071
N NO R M5 NHs H & E A0 s N R 54,
s7h Ky, /¥ NHa B H 2L, 57t
57 I B ASADL R A PR 2R AR Y, H v s A
WS BN 1582 E00E W3R 21924281 g N T A2 T8 A
ff R e G e R, HEREAXN:
ki — AefEi/RT (10)
F 2 EF V20s-WOs/TiO2 .7 SCR REIsh T F S

Tab.2 The SCR reaction kinetics parameters based on
V20s-WOs/TiO2 catalyst

T gE| HuE
Anol/s™t 7.19%10°
A, [(mé-mol-s7) 8.20<107*
Aox/s™ 3.25
Eno/(J:'mol™?) 5.94>104
En, /(-mol) ~7.63x10
Eox/(J:mol-) 2.8710°
O, 0.12
1.3 aRFHEHEKRRE

XU B RS, AN T R A
OB E N EA L, ME & SCR V&Y REH ¥
BEANLHERBR, WAHOWNEE D, $&iT
UL S A BUAFAFE N 1. BRI R
T A PR S 7 #E (L) — R = . =
BT FRAL SR ARR ) SIMPLE 523, He ot 0 25 %
KR il R . B P E g LR
(user defined functions, UDF) %5 % 204 1 #E5E
2, S SCR SR 2 H sl 51 % K
Ak AR AR G o SR PR AR AT b = ) A 6 A 7 g
# (relative standard deviation, RSD) ¥4 1HA 4>
A (B 51 LK SCR B AE R 2 FE g, 3

Reso = \/Z(u‘ o) /, (11)
N-1

s Ui AFFEATIAE AR SRR TE s un AR
B A AP TR s N OB AR B, A
SCHUE M 5000,

THEIR) S A S #OT T, KA ICEM CFD & 1
7N JTE K SCR B4 K1) 43 DY T A R A, H-AE I
GG S T R AR S5 AT A 5 4 B 3B R AT IR R R A
%o T AR R KA RS R T BE T L
207 J3~628 JiL 5 FhA&BEAT oo MRS IR, X R R
KMHs R )Ry 384~224 mm. LUEALF EJ5 0.5 m ##
BB, PR BRI SR B 35 5 PR SCR 4k

JBAE ERE Rz dn P 2 Fras . I 2 AT s A
T30S DY T A4 A% B 207 535 %2 408 J3 I,
SCR S 52 I s H AR JIt il R 17N 91.529% 5%
4 91.01%, (HIHSIIE 3T Rrsp ELEH 17.90%H8
THPE A 13.82%; BE MG T iE— BN . Mg
FH 408 Jj3 4 628 Jil, HEARMLE SR AR AN T
0.15 H 4> ri, HIHAH 7310 Rrsp 22402/ T- 0.05
By e Btk GEEUM RS EC 408 TR TR
6, 0 E R RS RS2 288 mm.
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Fig.2 Effect of grid numbers on denitration performance
and hydrodynamics of the SCR denitration system
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fiX, Bt NO 5 NHs ZEMEAL 72 P S R 15 B I (7] 1
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Tab.3 Operating parameters of the SCR denitration system
under various load conditions

T H HE/MW  GI(mh™)  Cno,in/(mgm=)  NSR  T/K
Bt T 330 6.2105 800.0 0.96 623
M T 1 300 5.1<105 561.9 0.93 620
TR T 2 250 3.7x105 582.5 0.96 613
WA T4 3 127.5 2.4%10° 743.6 0.97 579
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Tab.4 The measured and simulated pressure of the SCR
denitration system

. JEFE Ap
TiH — — —
SE{E/Pa FELLE/Pa AR 2%
Wt Tl 8775
TR T 1 658.8 706.8 7.3
TR T 2 487.6 516.9 6.0
R T 3 150.2 148.8 9.5

F 5 NO BRI ELNME SHERIEIT L BB %
Tab.5 The measured and simulated values of NO removal

efficiency
NO it bR n
mH -
S Y% LA/ % FHXHRZENE 23 85
Bt T 91.0
PR T 1 89.7 90.5 0.8
AR T 2 94.8 93.4 14
AR T 3 88.1 88.6 05

K4, K5 MEEREY, S 330 MW
F#Z 127.5 MW I}, SCR MRS ik &4 ISR
kN, BRUEE HEEASEREH 877.5 Pa [ &
148.8 Pa. X SCR VA AfERE, Bit Lo

(fifar 330 MWD JBEAH RCREBAUME N 91.0%, U5
BE/REL (NSR) AR, fifafE % 250 MW I NO
PR R T2 93.4%, FLIRKAIZ Tl N R
JRAIRE B 623 K BEEZ) 613 K, A& J/IMETR
SCR S v 8% N F M A 3E H 4.24 m/s [£ % 2.52 m/s,
ERIR SR (AR 245 S B (RT3, BT A JE i 285
RA P E: BT — PRI E 1275 MW, R
SCR J% ¥ #% WU H FE 220 1.65 mis, AR E
P2 579 K, f#if3 NO I )5 [ Bis 0 3 R, Ik
I it A R A A2 4 88.6%. i B AEIBI%F 660 MW
BRIEHLZL SCR MRS A RGAS R Ffir N MR 1 A
MR 25 AT B .

B3 D0 T T il 25 % 5 S 1 i i 1 7Y
M. B 3 B[, & oL NO HI4h R &R A
800 mg/m®, NSR & 0.96, &MiEfEA 623K, A4l
BETEE 1 633 K [£% 573 K, SCR M #%Hi 1 NO
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JREIRE H 62.18 mg/m® FH % 269.81 mg/m?, [H]Hf
NH3 Ji B9 i1 10.97 mg/m3 J+ & 127.21 mg/m3.
X T BE IR BER NO & JE B (K(5)) 5 NHs
HE AR ((6)) HA TR, 2 Fidl1E SCR
RIS VEFERE TR, DULIERRIENIE AR 47, T
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HER I .
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Fig.3 Effect of flue gas temperature on denitration
efficiency and ammonia escape amount
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Fig.4 The characteristics of flue gas flow over catalyst layer
in the SCR reactor
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7£ NO #1455 &K ¥ 800 mg/m?3, NSR A4 0.96,
SR E 623 K 26144, SCR MHAAE R4t 2x #
T LA R 2t AR 2 xy #0E NO i Bk B o0 A
WK 5 fis. HE 5 i WAL METIZ S NO
JREIREE R R, HA AL A2 15 NO iz
WIE T AN, 1800 mg/md (£ £ 4 318 mg/m3,
FLIR PR A 77 J N R S I ik P A s 48
HEAGTIE 3 J5 NO SR 22 74 mg/m3; H
Xy kI NO Jo7 &3 % 73 A Fp 1 vl %0, 3 B T X 3 NO
o AR A v v O DX IR AR, 5 BRI Ay B Xk
ARSI FEHRE AR5, T8 SCR MR K
TR s B T R A

NOJI it i f%/(mg-m )

i 240
160

=73.59 mg/m’

5SCR RRZEEM NO REIRE Sttt
Fig.5 Distribution of NO mass concentration
in the SCR reactor
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540 » ?.I;g/m
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Fig.6 Distribution characteristics of NHsz mass
concentration in the SCR reactor
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G, TR RS a5 s
it JFHRA, LA S SCR M A ifEtERe
2.3 IS ASHHE SRR R

i1 SCR MHA AN RS BN R 1 LA K NO
A NHs J SR E o AiderE, &KL SCR WA A ik
& IR BADIR A A B RS -1 JE AR A A5
o MRS S NHs VR A A SCEFSTITEE X NH;
o7 B VR P AR AL, Vs 2 OB ke It 3k BE 3 AT AN S5 80
ZA B 7 Pros i s 5. 1%07 i AT
W AIG Wi b7 EE X I B R (AIG $4
1O, SRRt , R R | Ry 1A
JUE SR, KRB TET AIG L4 i
TN BB A R E A R Ro
500 mm.

JE A BT R NSRI¥ i 77 %

Bl 7 SHR | £ 5 NHs R ARTE
Fig.7 The structure of deflector | and the optimization
scheme for NHzs distribution
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s, HEFIRIEHELSWSE

Kl 8 NI TT R AA RN TT 2 T AT
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Fig.8 The distribution characteristics of NSR in plane xy
above the catalyst 1 in different optimization schemes
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B2l 91.01%TH 4 91.75%; SR | N
B SHAUE, Lt A-2 (R=800 mm) *f NSR
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% 93.26%, PEIE- TR 242 R 98/, NSR 43
SIS NO LA AN R EG AR I T
A-3 (R=500mm) M, M AR A R
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