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Abstract : The energy transition driven by climate change inspires industries and scientists to develop zero CO, emission
solutions for the transport sector collaboratively. Beyond the electrification of powertrains, H, and H,-derived fuels, also
known as electro fuels or e-fuels, are gaining significant interest. Ammonia, one of the simplest electro fuels from the
combination of H, with N from the air, is considered a promising candidate and is expected to play a key role in the future H,
economy as a direct fuel and as an H, energy carrier. Previous studies have indicated the potential and challenges of burning

pure premixed hydrogen or ammonia in a spark ignition engine using 1D simulation and experimental activities on a

single-cylinder engine. Accordingly, this study focused on engineering phases that aim to develop carbon-free fuel engines
with prospects and possibilities.
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Table 1 Test fuel properties compared to diesel and gasoline

Fuel Gasoline | Diesel H, NH;
Stoichiometric AFR 14.6 14.5 342 6.06
LHV [MJ/kg] 42.5 42.6 120.1 18.8
RON [-] 95 - 120 120

Storage temp.[°C] 25 25 25 25
Storage pressure [bar] 1 1 700 10

Fuel density [kg/m’] 698.3 834 17.5 602.8
Energy density
29.7 38.6 4.76 11.3
(storage) [MIN]
i ity Timi
ammability limits | ) o 2 89| . 009681 0.63-1.53
(equivalence ratio)
Heat of vaporization
180-350 | 450 461 1370
[kl/kg]
Laminar burning
40 - 210 7
velocity [cm/s at |

Auto-ignition t .

WOIEWHORTEMP- | 575 | 210 | 537 651

[*C]
Adlabatlcoﬂame temp 230 i 2519 2107

[°C]

Ab. Mini

_Ab.Minimum: o - | 0019 8

ignition energy [Mj]
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Fig. 1 H, and NHj3 production process(Material and energy
balances)
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Fig. 4 Picture of direct-injection compressed hydrogen gas
(DI-CHG by BorgWarner)*
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Fig. 5 Average of pressure curves for a SI reference engine,
CI reference engine and NH; SI engine(2,000 rpm
and 15 bar of IMEP)
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Engineering Design Using Carbon Free Fuels on Internal Combustion Engines
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