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Abstract - Due to the development of the industrial revolution, regulations on exhaust emissions have been
continuously strengthened to reduce the rapidly increasing greenhouse gas emissions. The use of environ-
mentally friendly fuels is essential to meet these regulations. Hydrogen has been attracting attention as a future
environmentally friendly fuel, but due to its material properties, it faces significant challenges in handling and
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storage. As an alternative, ammonia has been proposed. Ammonia can be easily liquefied at room temperature
compared to hydrogen and has a high energy density. In order to examine the applicability of ammonia as an
engine fuel, experiments were conducted to investigate the effects of changes in combustion control parame-
ters in a direct injection ammonia combustion engine. The experiments were conducted by varying two varia-
bles: spark timing and excessive air ratio. Observations were made on combustion stability and the trends of
exhaust emissions such as nitrogen oxides and unburned ammonia under the conditions of an engine speed of
1,500 rpm and medium to high loads (brake torque of 200 Nm). By optimizing the combustion control parame-
ters, conditions for stable combustion even when using ammonia as the sole fuel were identified, and plans are
underway to apply strategies for future expansion of the operating range.
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Fig. 1. Schematic diagram of experimental setup.

Table 2. Engine specifications.

Parameters Specification

Direct-Injection

Engine t
Tgine type Spark Ignition Engine

Table 2.2 L].E].LH gix:]- Number of cylinder [-] 4
EMERSON jit: 2] Mass Flowmeter Sensor & 53| Displacement 25
FE% AeBHE 3L AASAT. 3/1HYE
(Excess Air Ratio) =7 & 9|5 ETAS jil-2] el A Bore * Stroke [mm] 88 * 101.5
4 Z747] (LA4E) & AH8-3iT) 371 HY ES A sHA Compression Ratio [-] 105
Table 1. NH3, H,, LPG properties.
Specifications NH; H, LPG
Stoichiometric AFR 6 342 15.6
Auto-Ignition Temp[K] 930 858 743
RON 130 120 90-100
LHV [MJ/kg] 18.8 119.96 455
Volumetric Energy Density [MIJ/L] [Liquid] 12.7 8.5 25.3
Laminar Flame Speed @ stoichiometric[m/s] 0.1 23 0.4-0.5
Flammability Limits (Equivalence Ratio) [-] 0.6-1.4 0.1-7.1 0.5-2.1
MIE @ stoichiometric [mJ] 8 0.02 0.46
Latent Heat[kJ/kg] 1,371 455 425
-3 - $h 7k~ 818 4] A273 A|3% 2023 9Y
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Table 3. Experimental conditions.

Engine Speed [RPM] 1,500
Torque [Nm] 200
Injection Pressure [bar] 150
Coolant Temperature [K] 363
Intercooler»c[)llit] temperatue 206
Intake Pressure 0.98~0.99
Dwell time [ms] 6
Injection Timing [°BTDC] 360
Excess Air Ratio 1.0~12
Spark Timing [PBTDC] 60~30
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