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Numerical simulation and experimental study of ammonia-coal
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Abstract: Ammonia-coal co-firing is one of the important ways to achieve carbon reduction of coal-fired thermal
power units, but the research on high proportion ammonia co-firing is rare. In order to further explore the
feasibility of high-proportion ammonia co-firing, the mechanism model of ammonia-coal co-firing is established,
and the ammonia-coal co-firing and pure ammonia combustion process of 4 MW boiler is simulated by using
computational fluid dynamics (CFD) method. The error between CFD calculation results and experimental data is
less than 3%. The experimental results show that, when ammonia is co-fired with coal, the flame temperature
decreases by about 30 ‘C and the carbon dioxide volume fraction decreases by about 20% for every 20%
increase in the co-firing ratio. When the ammonia co-firing ratio is increased from 0 to 40%, the NO volume
fraction at the furnace outlet increases by about 77.33%, and the carbon content in fly ash increases from 4.65% to
6.16%; when it is increased from 0 to 60%, the NO volume fraction increases by about 136.44%. When excess air
ratio of ammonia-coal co-firing is 1.15, the fuel burnout and nitrogen oxide generation are optimized. The
two-stage input of ammonia fuel can reduce the NO volume fraction at the furnace outlet by 31.07% compared
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with the ungraded input. Compared with the combustion flame of coal combustion and ammonia-coal co-firing,
the flame temperature of pure ammonia combustion is lower, the ignition distance is longer and the tangent circle
diameter is larger. When pure ammonia is fired, the NO mass concentration at the furnace outlet is 475 mg/m3,

and the escaping ammonia concentration is close to 0.
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Tab.1 Chemical reaction mechanism and kinetic parameters of ammonia-coal co-firing

5 J 75 FEHTRF HLRE B S S BER FREL
R1 \ol+0.2340,—0.011CO + 2.01H,0+0.031N; 2.119 x 101 2.027 %108 0 a(VoI)U-Za(Oz)l-3
R2 CO+0.50,—~CO; 2.240X 102 4.180%x 107 0 a(CO)! a(0,)0%
R3 H,+0.50,—~H,0 5.690x 101 4.165%< 108 0 a(H2)* 3(02)0'5
R4 CO+H20—CO2+H; 2.750%10° 8.360< 107 0 a(CO)! a(H0)!
R5 C+C0O,—2C0O 0.006 35 1.620% 108 0 a(COp)Ls
R6 C+H,0—CO+H; 0.001 92 1.469 %108 0 a(H20)*
R7 C+0,—~CO; 0.002 00 7.900 % 107 0 a(0,)0®
R8 NH3—0.5N2 +1.5H; 1.554 00 6.900 % 107 1.25 a(NH3)*
R9 NHz +O2—~NO+H,0+0.5H, 3.500 X 102 5.240 X 108 7.65 a(NH3)! a(0p)!
R10 NHs + NO—N; +H,0+0.5H; 4.240%X 105 3.500% 108 5.30 a(NHs)! a(NO)*
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Tab.2 Coal quality analysis of coal in Shaar Lake
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Tab.4 Parameters of the experimental conditions

T g BRL dEsS RER/ MR
A MW 11% FH o (kgh™) (m3h)
1 2.89 0 1.20 608.8 0

2 2.89 20 1.20 487.5 145.6
3 2.89 40 1.20 366.0 291.6
4 2.89 60 1.20 2437 436.9
5 2.89 100 1.20 0 7275
6 2.89 40 1.05 366.0 291.6
7 2.89 40 1.10 366.0 291.6
8 2.89 40 1.15 366.0 291.6
9 2.89 40 1.20 366.0 291.6 (4340

AL i JCH A% Oretvl

Mt Aar Var Fcar Car Har Nar Oar S!,ar (M‘] ‘kgil)

17.80 19.06 22.85 40.29 46.21 2.29 0.49 14.07 0.08 16.21

RGP EBZITSHIER 3, — XX
FEN 252 °C, RN KRIEEEE N 305 C,
BN ER 25 C, —IRA ZIRRFIEIR
KT L2643 5 h 5% 45% 11 30%.

R IMIPEEEITEH
Tab.3 Main operating parameters of the boiler
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Fig.7 Effect of ammonia co-combustion ratio on NO mass
concentration distribution
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Tab.5 The simulation and test values of NO mass concentration
at furnace outlet under different working conditions

LA

gl

0 20% 40% 60%
WRIGH 225 344 399 532 475
A 219 342 401 520 467
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Tab.6 The simulation and test values of carbon content in
fly ash at furnace outlet under different working conditions
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Fig.8 Effect of ammonia co-combustion ratio on NH3
volume fraction distribution

ANFB 2 LI COL AR 43 Hi bt 4 it 153 FE 23 A
B9 Ffizm. W LLE A 2B bbb Gl n, e
H) CO, AR IR T %, ZIB b4
20%, JPE T CO2 AR AR 7 BOM LE T4l A e P AIK
2920 B4 R

0.25
0.20}
0.15
o
.':_\(
= 0.10
0.05 —
().
0 2 4 6 8 10
JP i /m

B 9 REHSR ELFIXT CO2 RFR 7 E15 Fa B =2 M
Fig.9 Effect of ammonia co-combustion ratio on COz
volume fraction distribution

22 IETSRHHIZMN
FEBALLLHIA 40% THL R, B8 T AR &
R RBO K IGIRE A3 A0S G HEBC §2 1 . & 10
A T AR AR R BRI R T ) iR
fEorAi. M 10 iTRAEH, TERRRELEI AR,
bEEd ES SRR, FMXIRES R, YidE
TARRHEEINE 1.2 B A I8 R B R B

1400 - WA AR {E
— a=1.05 a4 a=1.05

1300 —a=1.10 aa=1.10
—a=1.15 wa=1.15
1200} a=1.20 aa=1.20
£
1
;E' 1100
1 000 F
900 |
0 2 4 6 8 10

P i [’-.v'J. i%Jm

E 10 FEZ[AE SRR R AR E BT
Fig.10 Effect of excess air ratio on flame temperature of
ammonia-coal co-combustion

A EFRRE T L O 0n NO. CO.
KIRE R E AN NH3 i & R I S A W
%7

#7 FTRTEESAZHEIFELO 02 NO. CO. KRE
RE. NH:sREIREERESIKEEX L
Tab.7 The simulated values and test values of O2, NO, CO
and NHs mass concentrations at the furnace outlet with
different excess air ratios

NO Jii& CO & NH3 i
; O A ; wE L
Lot 6;;?;/0//0 W W ;éﬁ/o Bk
(mgm3)  (mgm3) (mg m3)
I
0=1.05
BE 101 116 284 8.16 0.804
RIS AH
0=1.10
MG 153 143 201 7.22 0.179
115 R H 212 171 88 6.35
UV g 205 172 89 628 0122
120 R 3.05 399 17 6.16
o=1.
BiME 317 401 17 6.21 0.006
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Tab.8 The simulated values and test values of O2, NO, CO

and NHs mass concentration at furnace outlet during
ammonia fuel classification
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o NO iR COmifE . . NHsJiii
T OB Togne w0 e
3 %50% - T TRE% -
(mgm?®) (mgm?) (mg m)
skl R 295 275 32 413
IR By 284 277 33 4.05 0.001
gk A% 305 399 17 6.16
RAY g 347 401 17 6.21 0.006
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