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Abstract: By the end of 2021, over 95% of coal-fired thermal power units in China have achieved ultra-low
emission of nitrogen oxides, with the remaining being W-flame boilers that burn anthracite. Due to the high mass
concentration of nitrogen oxides generated, which often reaches 750~1 200 mg/m?, achieving ultra-low emissions
is difficult, making it the “last mile” for China to achieve ultra-low emission policies. At present, selective catalyst
reduction (SCR) denitration flow field technology mainly includes “SCR partition hybrid dynamic leveling
technology”, “full flue section mixing flow field technology”, and ‘“conventional accurate ammonia injection
technology”, etc. Taking a W-flame boiler of which the design denitration efficiency needs to be up to 95% as an
example, this paper compares the performance indicators of various technologies through CFD simulation, and the
indicators of the “SCR partition hybrid dynamic leveling technology” are significantly superior to other
technologies. After the project transformation, when the mass concentration of nitrogen oxides at the denitration
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system inlet is 1 000 mg/m? and that at the system outlet is lower than 50 mg/m?, the ammonia escape can be kept
less than 3 pL/L, far exceeding the maximum design efficiency of the conventional SCR denitration system. The
research provides a new technical route for ultra-low NOy emission of W-flame boilers.
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Fig.1 Three-dimensional diagram of the original flow
field structure
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Tab.1 Quality analysis for design coal and check coal

TiH BT AR
Wi B 47K 53 War(M)/% 6.55 5.98
T IR BEIK S war(A)% 21.18 20.56
% B IEFE K5y War (V)% 9.58 6.15
Wi PRI R 5 Wear(V)/% 13.25 8.37
B FAR AR H R Qetarl (MJ kgL 2353 24.45
BB 53 War(C)/% 64.14 68.27
To o R EIEE S wa(H)% 2.15 1.46
A s wa(o)o wss 23
i IREIEE S wa(N)/% 0.94 0.91
BT 2 War(S)/% 0.52 0.46

% 2SCR L BEAOBSSH
Tab.2 Parameters of the flue gas at the SCR reactor inlet

e LA it
A E/(m h) 1869 261 bR, Ak, SR
O 1R A5 %5/% 1.83 pirE-S
CO T %% 15.48 e -
N2 AR - 50/% 74.11 TS
JHS IR E % 8.59 b
SRR EEC 410.00 100%BMCR
KRR M) 44.00 #(02)=6%
SO Jfi & fE/(mg ) 2146.00 #(02)=6%
RAN TR E(mg m3) 1 000.00 #(02)=6%
B HEER DR E/Pa ~700.00
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Tab.3 Mass concentration distribution of nitrogen oxides on
side A of SCR reactor inlet at 660 MW load of furnace 1

WH 1 fL2 A3 L4 4.5 4.6 L7 L8
71 1132 1196 1107 1033 966 878 860 758
72 1152 1216 1127 1053 986 898 880 778
3 1122 118 1097 1023 956 868 850 748
784 1082 1146 1057 983 916 828 810 708

% 41 54 500 MW fafs SCR KEZ8E N O A MIE S L4
RERESH AL mg/m3
Tab.4 Mass concentration distribution of nitrogen oxides on
side A of SCR reactor inlet at 500 MW load of furnace 1

mHE  f1 f2 L3 fLa 5 6 7 48
w1 916 975 912 946 864 872 948 1006
w2 936 995 932 966 884 892 968 1026
w3 906 965 902 936 854 862 938 996
w4 866 925 862 896 814 822 898 956

MR SE AT W, 660 MW fifaiif, A il SCR
RN P AR S FE D 981 mg/m3,
ORI S i/ NI FE w2218 21 T 508 mg/m?;
500 MW A i, A ] SCR %7 8% N\ -F &AL
VIR BN 920 mgim3, e K R B S /N iR
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I3 A AR B AE TR FH A () 950 s 08 3 W T [ —
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DR AT I A% By 915 T, Tl A% ek
EOR. #57 CFD #ifl)E, R E KL L 5.
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Tab.5 Model settings of CFD simulation

FFe e\ il
1 Viscous Model K-epsilon(2 egn)
2 K-epsilon Model Standard
3 Near-Wall treatment Standard wall Functions
4 Species Model Species Transport
5 sl = Porous Zone/Laminar Zone

A I DR OSSO T, R AR
RIE 4 TEPE 8 19 32 AM/NXIE, BEAIXIONIEEA
M, H R A AR TR R 3 Ak 4
hcilEdE, HARRENR 6.

% 6 CFD #EHUIA R &
Tab.6 Boundary conditions of CFD simulation

5 T gE|
1 =S Velocity Inlet
2 H A Outflow
3 THEE(E/(m s ) 45
4 L R Pa ~700
5 R EIK 683
6 D% g 2—% 4
7 ML S Bm3 891
8 HEAL A LR TR (m? m3) 314
9 MEALFE /(M ht) 36
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Fig.2 Original flow field streamline diagram
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Fig.3 Cloud diagram of flow velocity distribution at
the inlet of the first layer of catalyst
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Fig.4 Distribution of the ammonia- nitrogen molar ratio at
inlet section of the first layer catalyst
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Fig.5 Streamline diagram after optimization at the top of
the reactor
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Fig.6 Velocity distribution of catalyst inlet cross-sectional at
the top of the reactor after optimization
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Fig.7 Flow field structure diagram of SCR partition hybrid
dynamic leveling technology
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Fig.8 Technical flow field structure diagram of full-section
flue gas mixed flow field
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Fig.9 Three-dimensional diagram of flow field structure of
conventional subregional ammonia injection automatic
adjustment technology
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Tab.7 The flow field technical solutions
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Fig.10 Distribution of mass concentration of NOx in each
section under Condition 2 (OPT)
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Fig.14 The maximum deviation of NOx mass concentration
in each section of SCR inlet under Condition 2 when using
different flow field technologies
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