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Effects of NH3 on Combustion and Emissions, and Reduction in Unburned NH3 and N2O
Emissions of NHs-Diesel Dual-Fuel Engines

by

NIKI Yoichi*

Abstract

Carbon-free fuels including ammonia (NH3) and hydrogen (H») have been investigated as alternative fuels for internal
combustion engines to reduce carbon dioxide (CO,) emissions. International shipping companies are focusing on NH3 as an
alternative fuel as it is easily liquefied and stored compared with H,. However, NH3 combustion in diesel engines, which are
used for ship power systems, generate nitrous oxide (N>O) emissions, which contribute to the greenhouse effect; however, the
N>O formation mechanisms remain unclear. In this study, the combustion of premixed NHj3 initiated by a pilot fuel was
investigated experimentally and numerically. The energy fraction of NH3 was increased by up to 80% in the experiments. The
results showed the following changes in combustion and emission characteristics. As the energy fraction of NH3 increased, the
onset of combustion was delayed. Nitric monoxide, unburned NHs, and N>O emissions increased, whereas carbon monoxide
emissions decreased as the energy fraction of NH3 increased. However, the increase in N>O diminished when the energy fraction
of NH3 increased by 40% or more. Computation fluid dynamics simulations reproduced the experimental results in terms of
the changes in combustion and emissions caused by the presence of NHi. The numerical analysis contributes to the
understanding of NHs-diesel dual-fuel combustion. The simulation suggested that an early injection of pilot fuel enabled the
pilot fuel to distribute across a wide area in the combustion chamber and reduced the unburned NH3z and N>O emissions. The

reduction effect was verified in the experiments using an experimental single-cylinder diesel engine.
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2. NHASRBEE BEA R RITTHE

NH; # =2 P OBRE e LTHEAT 284, =0 v Ol AT AEKICRE Ui S w50, VU U ANICHE
B UME S 2 HiEmd 5. L, NHy i, HYRTIIHEK - BREEL SD U 2, NH; 2806 e LCTRIAS
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B 7% % S0t L 7.
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ERTOR 1 FOREMOFE L Uiz, ZO%E, FEICHET AR/ &= ¥ v ORBEIZHr 72 ERIREET
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BEFHEICIE, A—7 Y —AD CFD Y7 h 7 =7 Téh 5 OpenFOAM v8 Zfiffl L7=. OpenFOAM %, ittt
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FEELIT, NHs JREBERD 0%D%E L ik LT, BUSAERORENEDIME 7 5 7 A 0°LLEDEFEARDIKTF
LN S T B AR 2 ERNCHEBLITE TV 5. NH: TREER 80%DEA 1T, NH; JREESR 44% & ol L TEE
RO RIEDIET & 3Tk < BRBE S OB & o 72285028, R RICBWTH R b D. LavL,
FEBRFER A T HBULTE CWRWL. X 330, BEFHEAE RO AR & SRR L 0 S B P A
RO A RT. 22T, Ul LR RS RO BED AR, BB TREO P 2 TH 5. X 3.3(b)
|2 NH; IRBEEE 44% D6 O e e o THIRSAL U 72 P A FHRR O BB FH RS R & TR RO il & 7”37, [X]3.3(a)
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RV U ENOTTANEGNLGIRTH D Z &, A== v THORE R TR EOEENEZ HND. X
33@UTREIND L DI, HET AR OBAEFFRFIE, FERRFER L OZEIFIRE VA, K 330U RT L HIZ, NH;
IRBER OB D HEA ARRSy OZEAbIE, BAEFRIC & 0 RS RNEEAICHR S T 5. EHEICE
WTC, FERRRERICA 5D NH IRBEIC £ 2 BRAERHEN ARy OBL N EMEMICHHEN TS 2 E0h, K
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3.2 INUBERE T —EILI OO UIZE /84 Oy MAHOEBSEHRER

ATEICIE, BERIEZ FWT, A 1y MREIOWESIE] (SOD R 25 2 & (M) 23, K NH; X N0
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4. FEH
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