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Abstract: Under the “dual-carbon” target, ammonia as a zero carbon fuel is expected to become a substitute for
fossil fuels. Focusing on the problems of slow combustion speed, high ignition energy, and significant ignition delay
in ammonia combustion, the effects of initial temperature, pressure, and oxygen volume fraction on ammonia
combustion characteristics are studied via Chemkin simulation, based on the different ammonia combustion
chemical reaction kinetics mechanisms of Shrestha, Mei, Mei-2021, Stagni, CEU-NH3;, Gotama, and Glarborg. The
results show that, as the initial temperature increases, the propagation speed of ammonia laminar flame increases,
and the ignition delay time decreases, which is beneficial for ammonia ignition and combustion. The increase in
pressure reduces the propagation speed of laminar flames, but significantly shortens the ignition delay time. The
increase in pressure is beneficial for ignition but not conducive to flame propagation. As the volume fraction of O,
increases, the laminar flame propagation speed increases and the peak shifts towards lean combustion. Sensitivity
analysis reveals that the branching ratios of H+O,=0+OH, H,+NO=NNH+OH, and NH>+NO=H,O+N> have a
positive promoting effect on flame propagation, while that of NH,+O=HNO+H inhibits flame propagation. The
reactions H+O2(+M)=HO2(+M), NH3=H+NH;, HNO=H+NO, and NH>+HO,=NH3+0;, exhibit high sensitivity at
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high pressures. The sensitivity coefficients of the reactions between HNO and N;H; is relatively high during lean
burn combustion. H2NO is an important intermediate component that affects the ignition delay time at high pressures
and low temperatures. By optimizing the conditions of ammonia combustion and regulating key reaction pathways
and reaction Kinetics, the characteristics of ammonia combustion can be improved.

Key words: reaction kinetics mechanism; ammonia combustion characteristics; laminar flame propagation speed;

ignition delay time
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Tab.1 Experimental conditions

R EIK & #7/(<10° Pa) Mt W%
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Tab.2 Seven kinds of ammonia oxidation mechanisms

HIr R BEY TIK p/(X 105 Pa)
H2/N>,O/NH3/N2 995 3
NHa/NO/Ar 298 0.07
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NH3/O2/He/N2 298, 323, 373 1
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NHs/CHa/% S, 1 400~1 800 2.5
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Fig.1 Variations of laminar flame propagation speed with
the equivalence ratio
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Tab.3 The peak values of laminar flame propagation speed
predicted by Mei-2021 mechanism
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Tab.4 Chemical reaction rate constants and their sources of some reactions in Mei and Mei-2021 mechanisms
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500 K and pressure of 5X 10° Pa
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Fig.5 Variations of laminar flame propagation speed with
oxygen volume fraction under oxygen-enriched conditions
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Tab.6 The experimental and predicted results of ignition
delay time at an initial temperature of 1 900 K and
pressures of 1.4X 10° Pa and 1.1X 106 Pa

& 71/Pa
HLER
1.4X10° 1.1x108

Mathieu SZ36{E 1334 210
Shrestha 920 145
Mei 1121 185.521 4
Mei-2021 937 152.481 3
Stagni 1159.75 171.332 4
Gotama 1370 225.967 8
Glarborg 2080 173
CEU-NH;3 1640.92 226.002
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Fig.8 Path flux diagram of NHa/air ignition process at initial
temperature of 1 150 K, ¢=1
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Tab.7 The proportion of each reaction in the path flux
SN Mei Mei-2021 Stagni SN Mei Mei-2021 Stagni
NH2+HO2=H,NO+OH 90 62 39 H2NO+NHz=HNO+NH3 14 13 74
NHz+0,=H,NO+O 7 31 48 HoNO+H= HNO+H;, 14 10 4
NH2+NO2=H,NO+NO 3 7 1 HNO+NH2=NH3+NO 21 16 26
H2NO+OH=HNO+H,0 43 51 3 HNO+0,=NO+HO 26 41 49
H2NO+HO,=HNO+H,0, 22 18 1 HNO+OH= NO+H,0 3 1
H2NO+0,=HNO+HO; 2 2 15 HNO(+M)=NO+H(+M) 45

% 8 HaNO. HNO 5 [ i A 4.2 [ R 5 B 2R R
Tab.8 The sources of chemical reaction rate constants of the reactions in which H2NO and HNO participate in

SR Mei Mei-2021 Stagni
NH2+HO2=H,NO+OH Skreiberg 2004 Sumathi 1996 Klippenstein 2022
NH2+0,=H,NO+O Skreiberg 2004 Klippenstein 2011 Klippenstein 2011

NH2+NO2=H,NO+NO
H2NO+OH=HNO+H,0
H2NO+HO2=HNO+H:0,
H2NO+02=HNO+HO>
H2NO+NH2=HNO+NHj3
H2NO+H=HNO+H;

Park and Lin 1997
Glarborg 2000
Glarborg 2000
Glarborg 2000
Glarborg 2000
Glarborg 2000

HNO+NH>=NH3+NO Coppens 2007
HNO+0,=NO+HO, Skreiberg 2004
HNO+OH=NO+H,0 Skreiberg 2004

HNO(+M)=NO+H(+M) Rasmussen 2008

Park and Lin 1997
Glarborg 2000

Glarborg 2018
Klippenstein 2022

Glarborg 2000 Stagni 2022

Glarborg 2000 Stagni 2022

Glarborg 2000 Stagni 2022

Glarborg 2000 Dean AM Bozzelli JW 2000
Mebel 1996 Mebel 1996

Skreiberg 2004 Dean AM Bozzelli JW 2000
Miller 1981 Chen 2019
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