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Supplementary Information



1 Experimental method
1.1 Experimental testing method
Table S1 lists the key devices used in experiment. The instantaneous pressure in the test cylinder was recorded by a crank angle resolved sensor (Kistler 6125C) and collected through a charge amplifier (Kistler 5018A1003). The CO, THC, and CO2 concentrations in the exhaust were measured by an exhaust analyzer (Horiba MEXA-7100DEGR). And the NO, NO2, N2O, and unburned NH3 concentrations were measured by an FTIR (Bruker Omega5). The sampling time of FTIR was set to 64 s and FTIR was operated continuously during each measurement period, which means that the pollutant emission values presented in this study are averaged values of at least 500 engine cycles for each operating point.
Table S1. The key devices in the experimental system.
	Name
	Type
	Measurement uncertainty

	Dynamometer
	DW140
	± 1 r/min

	In-cylinder pressure sensor
	Kistler 6125C
	≤ 0.03 %FSO

	Charge amplifier
	Kistler 5018A1003
	-

	Photoelectric encoder
	Kistler 2614A4
	± 0.5°CA

	Air flow meter
	E+H T-mass 65F
	± 0.01 kg/h

	Ammonia booster pump
	HiFluid HFG100
	-

	Ammonia injector
	Bosch J6A00-1112100-A38
	-

	Ammonia flow meter
	RHEONIK RHM015
	< 0.05%

	N-heptane injector
	DELPHI 25334150
	-

	N-heptane consumption meter
	Yike FCM-01
	< 1%

	Exhaust Analyzer
	Horiba MEXA-7100DEGR
	< 0.5 %

	FTIR
	Bruker Omega5
	< 2 %


1.2 Data analysis method
Based on the measured in-cylinder pressure, the in-cylinder temperature, heat release rate (HRR), indicated mean effective pressure (IMEP), indicated thermal efficiency (ITE), and coefficient of variation (COV) were calculated. The data analysis methods and parameter definitions are illustrated as follow.
1.2.1 In-cylinder temperature
The in-cylinder temperature refers to the average temperature of the substance inside the cylinder, which is calculated by the gas state equation:

where  is the in-cylinder pressure,  is the instantaneous volume of the cylinder,  is the moles of in-cylinder substance, and  is the universal gas constant. The moles of in-cylinder substance  are the sum of the moles of air  and the moles of combustion products :

where  is the moles of in-cylinder substance at the start of compression,  is the residual gas coefficient,  is the excess air coefficient, and  is the burned fuel proportion at the moment.
1.2.2 Heat release rate (HRR)
The HRR of fuel combustion was calculated based on the measured in-cylinder pressure [1]. The HRR curves presented in this paper are the ensemble-averaged curves of 100 engine cycles at each operating point. According to the energy conservation inside the cylinder, the HRR () is the sum of internal energy change rate of the in-cylinder substance, the change rate of pressure work on the piston, and the rate of heat transfer:

where  is the heat released by fuel combustion,  is the internal energy of the in-cylinder working substance,  is the pressure work on the piston,  is the heat transfer between in-cylinder substance and chamber wall, and  is the crank angle. 
Within the duration of , the above equation can be expressed as:

, , and  is calculated by:

where  is the average molar specific heat capacity at constant volume,  is the in-cylinder temperature at the start of compression.

where  and  is the in-cylinder pressure at the beginning and the end of the duration, respectively.  and  is the cylinder volume at the beginning and the end of the duration, respectively.

where  is the engine speed,  is the instantaneous average heat transfer coefficient,  and  are the area and temperature of each chamber wall, respectively.  = 1, 2, 3, which refers head, piston, and cylinder. Currently, the instantaneous average heat transfer coefficient  is calculated based on the Woschni formula [2].
1.2.3 Indicated mean effective pressure (IMEP)
IMEP is calculated based on the indicated cycle work and the cylinder displacement:

where  is the cylinder bore, and  is the stroke, and  is the indicated cycle work, which is calculated as follows:

There are two calculation methods for  and : calculated by the in-cylinder pressure curve of compression and expansion strokes (from intake valve close to exhaust valve open) and calculated by the in-cylinder pressure curve of entire cycle. In the current study, due to a compressor was used to pressurize the intake air for the test cylinder, the real working state of the engine cannot be reflected. Therefore, the calculation of  and  in this paper all use the former method.
1.2.4 Indicated thermal efficiency (ITE)
The indicated thermal efficiency was calculated by dividing the indicated cycle work by the injected fuel energy:

where  and  are the injected mass of ammonia and n-heptane, respectively.  and  are the lower heating values of ammonia and n-heptane, respectively.
1.2.5 Coefficient of variation (COV)
The COV in this paper refers to the coefficient of variation of the  during the measured 100 cycles, which is calculated by:

where  is the total number of cycles,  is the average  value for  cycles. COV is an important parameter for evaluating the combustion stability. It is generally considered that the COV of SI engines should not exceed 10%, while that of CI engines should not exceed 5%.


2 Detailed results of chemical kinetics analysis
2.1 Chemical kinetics calculation under constrain volume conditions
Table S2. The calculation methods and model setup.
	Item
	Value

	Solver
	CHEMKIN

	Solver type
	Constrain volume and solve energy equation

	Pressure (bar)
	50

	Temperature (K)
	1000, 1500, 2000

	Equivalence ratio (-)
	0.5, 1.0, 1.5

	Reactant mixture
	Ammonia/air
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Figure S1. ROP analysis results of NO.
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Figure S2. ROP analysis results of NO2.
2.2 Chemical kinetics calculation under constrain pressure and temperature conditions
Table S3. The calculation methods and model setup.
	Item
	Value

	Solver
	CHEMKIN

	Solver type
	Constrain pressure and temperature

	Pressure (bar)
	50

	Temperature (K)
	1500, 2000

	Equivalence ratio (-)
	0.5, 1.0, 1.5

	Reactant mixture
	Ammonia/air
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Figure S3. ROP analysis results of NO.
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Figure S4. ROP analysis results of NO2.
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