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Abstract: Nitrogen oxide (NO,) emissions can be reduced by adding a certain proportion of n—butanol
(NBA) into alternative fuel methyl decanoate (MD). The combustion reaction mechanism of methyl decanoate

and n—butanol was established for two—stroke low—speed marine diesel engine, and the Zeldovich NO, reaction
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mechanism was added to the combustion reaction mechanism as a sub—mechanism, which constructed a complete
combustion reaction mechanism containing methyl decanoate, n—butanol and detailed NO, reaction. Under the
condition that the total mole fraction of fuel is certain, fixed the engine speed and excess air coefficient, mixed
methyl decanoate and n—butanol in different proportions, and explored the combustion and NO, emission charac-
teristics of methyl decanoate and n—butanol mixed fuel in two—stroke low—speed marine diesel engine with homo-
geneous charge compression ignition (HCCI) combustion. The results show that the emissions of NO, produced
by HCCI combustion of methyl decanoate and n—butanol mixture decrease with the increase of n—butanol blend-
ing ratio. The present research indicates when the total mole fraction of fuel remains unchanged, with the increase
of n—butanol mixing ratio, the total heating value decrease, leading to the decrease of the exhaust temperature
and in—cylinder peak temperature, the formation of NO, is inhibited, the reaction rate of NO, declines and the
emission declines. Meanwhile, due to the increase of n—butanol blending ratio, it leads to the C/H ratio of mixed
fuel decrease, which can effectively reduce CO, emissions during combustion. Under the condition of ensuring
the engine combustion efficiency, when the mixing ratio of methyl decanoate and n—butanol is 1:1, the NO and
NO, emissions in two—stroke low—speed marine diesel engine HCCI combustion are the lowest.

Key words: Methyl decanoate; Two-stroke low speed diesel engine; n—Butanol; Homogeneous charge

compression ignition; NO, emission
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Table 1 Test engine specifications

Item Data

Effective power/kW 13364
Engine speed/(r/min) 85

Mean effective pressure/MPa 1.527
Number of cylinders 6

Stroke/mm 2674
Cylinder diameter/mm 700

Connecting rod length/mm 3066
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Table 2 Properties of MD and NBA

Property MD NBA
Molecular formula G, H,0, C,H,,0
Relative molecular weight/(kg/kmol) 186 74
Lower heating value/( MJ/kg) 34 35.1
Oxygen content/( %weight) 17.2 21.6
Boiling point/"C 94 117
Density/(g/cm?,20°C) 0.873 0.810
Cetane number 58.6 12
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Fig.1 Effect of NBA percentage on in-cylinder temperature
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Fig.2 Effect of NBA percentage on in-cylinder pressure
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Table 3 Cetane number and species mole fraction of mixtures

Mole fraction of MD ~ Mole fraction of NBA Mole fraction of O,

Mole fraction of N, Mole fraction of Ar ~ Mixture cetane number

1.0 0.0 32.55
0.9 0.1 30.56
0.8 0.2 28.56
0.7 0.3 26.57
0.6 0.4 24.57

0.5 0.5 22.58

122.45 0.00 58.6
114.96 9.48 53.9
107.44 19.00 49.3
99.95 28.48 44.6
92.43 38.00 40.0
84.94 47.48 35.3
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Fig. 3 Effect of NBA percentage on NO emissions
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Fig. 4 Effect of NBA percentage on NO, emissions
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Fig.5 Effect of NBA percentage on N,O emissions
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Fig. 6 Effect of maximum combustion temperature on NO
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Fig. 9 Effect of exhaust combustion temperature on NO,

FRF 3T 7 24 XoF S N7 T 23 4 ] 10 T 7, DA 56 1T DA

F i NO By A EEEk | NO, I O, 3 Ak 2
A

NO, + H— NO + OH (3)

NO,(+M) — NO + O(+M) (4)

I NO, B P2 A2 2k [ NO B s R, 8 2 I 1k

NO + HO, — NO, + OH (5)

NO +0,— NO,+ 0 (6)

NO,+H = NO+OH
NO,(+M) ==NO+0(+M
N+0,— NO+O
HNO+OH = NO+H,O
HNO+H — NO+H,
NO,+OH — NO+HO,

NO,+0 = NO+0,

-8x1073 -4x1073 0 4x1073 8x1073
Absolute rate of production NO and NO,/(mol - cm~ -s7")

Fig. 10 Absolute rate of main NO and NO, reaction
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Fig. 11 Absolute rate of main N,O and N, reaction
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Fig. 13 Effect of NBA mixing ratio on NO, reaction rate
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Fig. 14 Effect of NBA percentage on CO, emissions
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