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A Feasibility Study on Lean-burn Hydrogen Fueled Engines
with High Thermal Efficiency and Low Emission

Kimitaka YAMANE, Toshio SHUDO and Yasuo NAKAJIMA
Hydrogen Energy Research Center, Musashi Institute of Technology
1-28-1 Tamazutsumi, Setagaya-ku, Tokyo 158-8557

A feasibility study on lean-burn hydrogen fueled engines with high thermal efficiency and low emission
has been carried out to demonstrate the application to hybrid electric vehicles by reviewing two papers
[1,2]. The following conclusions have been obtained. (1) High thermal efficiency and emissions as
low as EZEV (Equivalent Zero Emission Vehicle) level can be attained by lean-burn hydrogen fueled
(2) A simulation study has

shown that a range of 508 km as long as for a conventional gasoline car can be also obtained by series

engines with reasonable acceleration and hill climbing performance.

hybrid electric vehicle with the hydrogen fueled engine on board while using only 5kg liquid hydrogen
equivalent to about 19 liters gasoline. The engine, at the same time, can overcome the emission level
of EZEV.

engine, it gives NOx emission as low as 1/7.5 of EZEV level of NOx. The range is as short as 330 km

(3) Even if the engine system is a conventional reciprocating lean-burn hydrogen fueled

but acceptable.

{(4) Lean-burn hydrogen fueled engines also give basically the same benefits as a fuel

cell, with well-known technology that can be applied immediately.
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Nissan GA13DE

Engine
Cylinder In-line 4 cyl.
Total Displacement(cc) 1295
Combustion Chamber Pent roof
Valve Mechanism 16-valve DOHC
Bore x Stroke(mm) 71.0x81.8
Connecting Rod length(mm) 140.5
Piston Offset(mmy) 1.0
Compression Ratio 950r12.0
Size[length x Width x 655%575 x
Height](mm) 665
Valve LVO[ATDC] 4
Timing [ V.C[ABDC] 38
E.VO[BBDC] 46
E.VC[BTDC] 4
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Vehicle Parameter Engine  Hybrid
System  ystem

Test Weight (kg)Empty wt.+136kg) 1136 1236

Frontal Area (m?) 204 204
Aerodynamic Drag Coefficient 024 0.24
Coefficient of Rolling Friction 0.007 0.007
Transmission Efficiency 0.94 0.95
Transmission Gears 5 1
Accessory Load (kg) 1000 1000
Hydrogen Storage Capacity (kg) 5 5

Engine Idling Speed (tpm) 600 -

Launch Engine Speed (rpm) 3600 -
Regenerative Braking no yes
Generator Type - Perm Magnet
Motor Type - AC Induction
Energy Storage Device - Flywheel
Motor Max. Torque (Nmy) - 95

Motor Max. Speed (rpm) - 11000
Flywheel Energy Storage (kWh) - 1

Flywheel Max. Power (kW) 100
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Vehicle Parameter Engine System Hybrid System
Fuel Economy’, Urban cycle (km/liter(mpg)) 15035.3) 24.77(58.2)
Fuel Economy', Highway cycle (km/liter(mpg)) 21751 30.0(70.6)
Fuel Economy', Combined cycle (km/liter(mpg)) 17.4(41.0) 26.9(63.2)
NOx Emission, Urban cycle (g/km(g/mile)) 0.0020(0.0032) 0.012(0.019)
NOx Emission, Highway cycle (g/km(g/mile)) 0.0013(0.0020) 0.0097(0.015)
NOx Emission, Combined cycle (g/km(g/mile)) 0.0016(0.0027) 0.011(0.018)
Time for 0-97kimvh (0-60mph)(sec) 100 10.0

Max. Climbing Stope at 97knvh (60mph)(%6) 13.1 6.0

‘Vehicle Range, Combined cycle (km(miles)) 330(205) 508(316)

1. Gasoline-equivalent
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