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Figure 1 Preparation, characteristics, and applications of ammonia fuel
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Table 1 Comparison of physical and chemical properties of ammonia, hydrogen, and typical hydrocarbon fuels
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Table 2 Comparison of advantages and limitations of ammonia blended with different reactive components

Bk g

JRBRIE

SRR 2, PR R RLENE, $H 9T PTAR FR; s ARbeAk
£l K, EIRIETROENE; AR AT SC B, TR
S, BRI D A A A A
BRI KRGS DA, BARA I AT I,

THRIST BCSRRRRHI T K SRR BEbEfE
Sy PRSP SR 5 AU T

PR beRs EE

IRFRRE B B AR PTREINRINO HEG; S £, A<
fifiz B R, AR LR S LA R, ARG R

IR 2™ A cHERR, Tork IS %k, 1B1R LLf)
BRI X ZARBE R TR TR AR

AT AERRHERIRI A, S22 SRS S (R C-N S i
BEARACH., W REAE O B IR IT5 )

1690



ISk

RS (1.2~10 atm, 1600 K)B7, @i 2R, #F58 %
RS NS % 2RI ]l 22 - SR R 9 2 KCHE R 1) i 2
iRi60%; MR TLHIHETH E30%0}, 7 K IER AT ik
— AR 5190%; BEE B R LBk N, #H KIER{E
R T2, BB ET70%, & KR
{XERIMNFARL5%. P AR B i HP IR A F T ik
It S AR ) S e LA S B R B S R N
0.50F, 5% S NAES Il 2 10 % KCHE SR B [B] 46 45 18 12
7, AH A S %I ZE10%},  2hat i 2 I 5 ik
55, (UM, EAT RN, S%a S8
TR T 25 K SR B[R 45 4k 2847, R A IR NAY A&
KIS AR R R A Y R L RO IR RV R A
BRG] N AR E R SR B 2, STk 3%
B, #E40 barfk 15504 FAUA N %2 BV - = A
R IA KAER G 8 A 17380, XS oy 45 R4
N T ARBIRHG S 2 KHEIR AR 2 0] 2 30 )
LR, SR SR AR TR N 7 225 R
PRPESERIING: .

B KR AR B 2 R AR AR T,
SCHRAFGEFRIA, i S0 RT3 A A UL KR
W, (e ERATIRR AT, PR RIS %~10% A
KBIRXTZEBE R 3222545 KRN f AR 1A 52
BRRBIR LG4SR, B TH, O A H
R R, BN O S R AR I b &R
ARARET FE IR AR, ERRRH T RE AR B A
H. O, OHA % A 3t 3 S a0 s v b 3, Wife
IR IX [E], HO,. H,O 55 it A A/ G 5. B

ot p =10 atm, 4=1.0

ENER B RE

-100 -

-10 0 10 20 30 40 50 60 70 80 90 100

SSEBI (mol %)

Bl 2 ASBIRR R JGER I T
Figure 2 Effect of hydrogen blending on the ignition delay times of
ammonia”®”!
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Figure 3 Laminar burning velocity (S;) of pure ammonia at different temperatures and pressures'*'** %, (a) S, of NHj in air environment at pressure
of 1.0 atm; (b) S; of NHj; in oxygen-rich environment at temperature of 298 K
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Figure 4 Main reaction pathway of ammonia fuel in ammonia/air flame (initial temperature of 300 K, initial pressure of 1.0 atm, equivalence ratio

of 1.0)
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Figure 5 Effect of fuel blending (blending with syngas, dimethyl

ether, diethyl ether, hydrogen, syngas, methane, ethane, and propane) on
the laminar burning velocity of pure ammonial®>*7**!
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Figure 6 Relationship between laminar burning velocity and maximum concentration of H+OH radicals™**"**]. (a) Equivalence ratio of 0.7; (b)

equivalence ratio of 1.0; (c¢) equivalence ratio of 1.4
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Methods on combustion enhancement for low active ammonia
and its research progress

Xue Jiang, Zuohua Huang*, Geyuan Yin, Qiangian Li, Meng Zhang, Xiao Cai, Yingtao Wu,
Jinhua Wang, Erjiang Hu, Yingjia Zhang & Chenglong Tang

State Key Laboratory of Multiphase Flow in Power Engineering, Xi'an Jiaotong University, Xi'an 710049, China
* Corresponding author, E-mail: zhhuang@mail.xjtu.edu.cn

Ammonia (NH;) is a zero-carbon fuel with broad application prospects and is expected to play a crucial role in achieving
the “dual carbon” strategic goals. However, burning pure ammonia presents challenges such as ignition difficulty, narrow
combustion limits, slow flame propagation speed, and high nitrogen oxide (NO,) emissions. These issues result in less
efficient and less stable combustion of ammonia, limiting its application in power devices. To overcome these challenges,
blending highly reactive components can enhance the combustion characteristics of ammonia, offering a promising
approach for its utilization. This strategy has become an effective technical method for improving ammonia fuel
combustion. This article reviews the research progress on combustion enhancement of ammonia with low activity by
blending the active components, focusing on ignition delay, laminar flame propagation, and species profiles. The blending
of hydrogen and highly reactive hydrocarbon fuels with ammonia both exhibits a nonlinear promoting effect on the ignition
delay times of ammonia. The addition of a small amount of active components can significantly shorten the ignition delay
time. At different temperatures, the common mechanism for ignition enhancement involves promoting the accumulation of
active radical pools (such as H, O, and OH), thereby accelerating chain reactions. Fuels with different molecular weights
exhibit varying effects on enhancing laminar flame speeds when blended with ammonia. When blended with small-
molecule fuels (such as hydrogen and syngas), the laminar flame speed shows a nonlinear trend characterized by a slow
initial increase followed by a rapid rise as the blending ratio increases. In contrast, large-molecule hydrocarbon fuels
exhibit the opposite trend. The laminar flame speed of ammonia/methane blended fuel increases linearly with the methane
blending ratio. The laminar flame speeds of all blended fuels show a significant linear correlation with the peak mole
fraction of (H + OH). The increase in radical concentration after blending with active components is the intrinsic
mechanism accelerating the increase in laminar flame speed. Furthermore, blending active components and increasing
pressure can reduce the initial oxidation temperature of ammonia and shift the temperature range for NO and N,O
formation to lower temperatures. NO, formation is strongly influenced by the type of active component and reaction
conditions, exhibiting complex generation and evolution patterns following their addition. Studies indicate that introducing
active components is an effective combustion control method for improving the performance of low-reactivity fuels like
ammonia. For such fuels, chemical control strategies prove highly effective. These findings provide valuable insights for
optimizing blending strategies, developing efficient ammonia combustion technologies, and advancing chemical kinetics
models. Blending high active fuels with ammonia enables a low-carbon transition using existing infrastructure; however, it
faces challenges in real-time combustion control and NO, reduction under varying conditions. The large-scale application
of ammonia will contribute to a sustainable energy system.
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