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Development of ammonia mixed combustion engine for automobiles

Minoru Tsuda, Masateru Ishida, Tsuyoshi Thara, Yamanishi Dai, Kazuyuki Maeda

In order to develop a retrofit compatible ammonia mixed combustion engine for automobiles, we utilized the property of ammonia to dissolve

easily in water and used a "water mixed fuel generation device" developed by the National Fisheries University to produce ammonia water mixed

fuel. An experiment was carried out in which ammonia was injected as a liquid at normal temperature under atmospheric pressure. To clarify the

combustion characteristics and DPF performance when ammonia is used in a small high-speed engine, 214kW/3101min™' diesel engine with a

DPF was operated using a fuel made from a mixture of gas oil and ammonia water, and the engine performance and characteristics of NOx, PM,

and DPF were analyzed. As a result, it was clarified that ammonia can also be used in small high-speed engines.
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Table 1 Properties of ammonia

Properties of ammon| Things to keep in mind
Approximately 40% of|Requires approximately
Calorific value |diesel oil 2.5 times as much fuel
(storage) tank

SEEgiaen Approximately 630°C |Difficult to ignite
temperature
Combustion N20 (GHG) Maintaining complete
products Fuel NOx combustion
Boiling point Cooling or pressurization
at atmospher| —(minus)33.4°C  |is required during
pressure transportation and storage
Others Toxic and corrosive |Ensuring safety
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Fig. 2 Setting position of sensors

Table 2 Main specifications of engine

Number of Cyl. 6
Cylinder Bore mm 100
Piston Stroke mm 110
Max. Power kW 214
Engine Speed min? 3101
Max. Pme MPa 1.59
Table 3 Properties of catalyst
CeO, Concentration to Fuel wt. ppm 25
CeO» Concentration to Additives wt. % 7.37
Density of additives (15°C) g/en? 0917
Exh.Gas
8 To NOy,0.,C0,CO, Analyzer
7 &5 q-)
T
7 =z Dilution Tunnel L
Pipe (7)™
Heater
Sample £
Engine Fiiter Air Inlet | | Filter
Regulator Compressor
&
To NOy,0,,C0O,CO, Analyzer
Air Inlet (Bypass Line) V(;aa%ugim
Flowmeter P
& TT )] /

Sample Outiet ‘ Roots Blower

Fig. 3 Outline of PM measurement system
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: 3 way valve-1
Engine |e¢ - Fuel oil tank
o) 3 way
X V-4 x V-3 valve-2 (6)
©) |xX v7
M(s)l

V-5 X V-6

Legend: (1)water tank, (2)fuel oil tank, (3)flow
meter for fuel oil, (4)flow meter for water, (5)flow
regulating valve, (6)control panel, (7)circulating
pump,(8) fluid mixer, and (9)separation tank

Fig. 4 Diagram of the water mixed fuel generator
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Fig.5 Relationship between water mixing ratio and FOC
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Fig.15 Automotive ammonia mixed combustion engine system
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