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Multidimensional Parameter Analysis of NOx Emission Characteristics of Ammonia
Combustion Under Gas Turbine Conditions
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ABSTRACT: Ammonia (NH3) is a promising carbon-neutral
fuel. To clarify the NOx emission of ammonia rich-quick mix-
lean (RQL) combustion under multiple parameters and
overcome the limitations of conclusions based on single-
parameter variations, this study establishes a five-dimensional
parameter matrix (primary equivalence ratio, hydrogen blending
ratio, inlet temperature, residence time, and pressure), including
11,760 cases. Reactor network simulations were conducted to
investigate ammonia RQL combustion. The results indicate that,
reducing the sum of NH3 and NOy in primary combustion
products is critical for lowering overall NOx emissions. The
primary residence time can be categorized as Class A, which
simultaneously increases or decreases NH3-NOx levels in
primary products, enabling independent optimization. Primary
equivalence ratio, hydrogen blending ratio, and inlet temperature
belong to Class B, which induce opposing changes (one
increases while the other decreases) in NH3-NOx levels,
necessitating coordinated adjustments. Pressure exhibits non-
monotonic variations influenced by OH concentration levels.
This study demonstrates the universality of reducing staged
combustion emissions by minimizing primary NH3 and NOx,
simplifies parameter optimization principles through parameter
classification. The findings provide insights into ammonia
staged combustion mechanisms and guide combustion

optimization strategies.
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Table 1 Parameter matrix for RQL ammonia combustion

Num Tinted K P/bar Va, épi  tms

1 300 1 0 1 2

2 450 2 0.1 11 5

3 600 3 0.2 12 10
4 750 5 0.35 13 20
5 900 10 0.5 14 50
6 20 0.65 15 100
7 40 0.8 1.6

8 17
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Fig.2 RQL emissions and the proportion of primary

product NH3 to NH3+NOx
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Table 2 Operation parameters for cases in Fig. 6

Number Tintet - (K) Vi, - () Dyi- ()
1 1
0 13
3 2
4 1
5 300 0.2 13
6 2
7 1
8 0.6 13
9 2
10 1
11 0 13
12 2
13 1
14 600 0.2 13
15 2
16 1
17 0.6 13
18 2
19 1
20 0 13
21 2
22 1
23 900 0.2 13
24 2
25 1
26 0.6 1.3
27 2

*3 WEEARNEAERACERESHANSH

Table 3 Reactions and Arrhenius formula parameters

Num. Reaction A b E/cal-mol*
R160 NH3+H=NH,+H; 6.4E05 24 10170
R162 NH3+OH=NH,+H,0 2.0E06 2 566
R43 NH+OH=HNO+H 4.0E13 0 0
R44 NH+OH=NO+H, 2.4E13 0 0
R177 NO+H(+M)=HNO(+M) 15E15 -0.4 0
R179 HNO+H=NO+H, 4.4E11 0.7 650
R180 HNO+OH=NO+H,0 3.6E13 0 0
R39 N+NO=N,+O 3.2E13 0 0
R50 NH+NO=N,0O+H 29E14 -04 0
R51 NH+NO=N,+OH 27E12 -01 -513
R69 NH2+NO=N,+H,0 2.8E20 -2.7 1258
R70 NH2;+NO=NNH+OH 3.8E10 0.4 -814
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