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Preparation and characterization of shell-like carbon as non-platinum cathode catalyst for polymer
clectrolyte fuel cell (Research division in Engineering, Musashi Institute of Technology)
HASHIMOTO, Wataru; KOBAYASHI, Koichi; TAKAHASHI, Masashi
Abstract: In this study, shell-like carbons were prepared as a non-platinum cathode catalyst for
polymer electrolyte fuel cell. Based on the results for the samples synthesized under various conditions
it was found that the oxygen reduction reaction (ORR) activity of the shell-like carbon is influenced by
heating-time rather than mixing ratio of starting materials (furfuryl alcohol / ferrocene). In particular,
the shell-like carbon prepared with short heating time showed higher ORR activity.
keyword: Polymer electrolyte fuel cell; shell-like carbon; non-platinum cathode catalyst
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PERFORMANCE OF A COMMON-RAIL TYPE HIGH PRESSURE UP
TO 10 TO 20 MPA HYDROGEN GAS INJECTOR DEVELOPED
FOR DI HYDROGEN FUELED ENGINES

Kimitaka Yamanc', Masakuni Oikawa', Mai Nogami', Takashi Kondo', Yasuo Takagi',
Yoshio Sato®, Atsuhiro Kawamura?, Yuichi Goto®

'Hydrogen Energy Research Center, Tokyo City University
1-28-1 Tamazutsumi, Setagaya-ku, Tokyo, 158-8557, Japan
kyamane@icu.ac.jp
? National Traffic Safety and Environment Laboratory (NTSEL)
7-42-27 Jindaijihigashimachi, Fuchu-city, Tokyo 182-0012, Japan

goto@ntsel.go jp

ABSTRACT

The engines with direct hydrogen injection have the advantage of very low emissions except for nitrogen oxides
(NOx), the output power theoretically 1.2 times as large as that of gasoline engines and the complete elimination of the
abnormal combustion.  There is, however, difficulty in injecting a large amount of hydrogen gas because of the injection
in gas phase.

There were two disadvantages of the previous injection system. One was that the thermal efficiency decreased
with the increase of the engine speed. The injectors needed longer injection time to inject gas fuel rather than liquid
one. The other was that the combustion by using the previous injection system generated NOx to a fairly large extent
even in lean mixture operation.  Appropriate combustion control methods have been required. In 1975, S. Furuhama et.
al. (1975) studied a hydrogen fuelled engine with a combination of external mixture formation and internal one. They
Jound that an ideal combustion would have been obtained if appropriate combination had been found. At that time, they
could not optimize the combustion because of the mechanical and hydraulic injection system. To overcome the
disadvantages, an injector with high response injection, a large amount of hydrogen injection at high pressure in a short
time and the injection made anytime is required.

A new generation hydrogen high pressure injector developed this time for a 7.8-liter, 6-cylinder hydrogen engine is
a common-rail type injector based on a common-rail type diesel injector. This injector can inject a large amount of
hydrogen in very short time owing to the extremely high hydraulic pressure of the common-rail system, resulting in
application of higher pressure hydrogen and a swifter and larger lift of the needle valve than those of the previous
injector. And the injection timing can be changed with ease thanks to the electric control system.

KEYWORDS : Hydrogen Gas Injector, Electro-hydraulic System, Common-Rail

A new generation hydrogen high pressure injector developed this time for a 7.8-liter, 6-cylinder
hydrogen engine was a common-rail type injector based on a common-rail type diesel injector. This
injector could inject a large amount of hydrogen in very short time owing to the extremely high
hydraulic pressure of the common-rail system, resulting in application of higher pressure hydrogen and
a swifter and larger lift of the needle valve than those of the previous injector. And the injection
timing could be changed with ease thanks to the electric control system.

The followings are the conclusions obtained in this experiment:
(1) The amount of hydrogen injection 400 mi[N)/inj. was successfully accomplished within 40
degrees CA at the engine speed of 3000 rpm.
(2) A high pressure hydrogen injector capable to make multi-injection was developed.
(3) The next tasks are to develop injectors with a small difference in the amount of hydrogen injection
among the each injector and a long endurance as 100 hours.

This is the briefing of the following paper: M. Oikawa, et.la. “PERFORMANCE OF A COMMON-RAIL TYPE HIGH
PRESSURE UP TO 10 TO 20 MPA HYDROGEN GAS INJECTOR DEVELOPED FOR DI HYDROGEN FUELED
ENGINES”, Presented at the 17" World Hydrogen Energy Conference, Brisbane, Australia 15 — 19 June 2008



AN EXPERIMENTAL STUDY FOR LARGE OUTPUT POWER AND
NEAR ZERO-EMISSION BY USING A SMALL HYDROGEN
FUELLED IC ENGINE WITH DIRECT INJECTION, SPARK

IGNITION, SUPER-CHARGING AND NO EXHAUST GAS
CATALYST AFTER-TREATMENT

Kimitaka Yamane', Kenji Nakagawa', Satoshi Kimura', Takashi Kondo',
Tetsuya Ohira®

°Hydrogen Energy Research Center, Musashi Institute of Technology
1-28-1 Tamazutsumi, Setagaya-ku, Tokyo, 158-8557, Japan
yamane@herc. musashi-tech.ac.jp
b National Traffic Safety and Environment Laboratory (NTSEL)
7-42-27 Jindaijihigashimachi, Fuchu-city, Tokyo 182-0012, Japan

ABSTRACT

Large specific ontput power is required especially for smail engines with low emission. It is definitely expected
that an engine operation with large air charging and very lean niixture especially with hydrogen might bring about large
output power with near zero-emission. That could hopefully eliminate the exhaust catalyst after-treatment system.

An experimental study for large output power and near zero-emission was carried out by using a small, 3-cylinder,
4-stroke hydrogen fuelled engine with the total displacement of 660 cc at the engine speed of 2000 rpm and a wide open
throttle. A small direct gasoline injection engine with a turbo-charger was converted into the engine fuelled by
hydrogen gas which was injected in the early compression stroke directly into the combustion chamber at the pressure of
7 MPa, so-called internal mixture formation. The original turbo-charger was removed, instead, the air was
compressed by a compressor outside of the laboratory to study the effect of the intake air pressure on the output power
and exhaust gas nitrogen oxides (NOx) emission. The intake air compressed by the compressor from ambient pressure
to 200 kPa was introduced into the engine in this experiment.

The followings were found.

(1) It was found that the pressure of intake air at 200 kPa abs. could lead the small hydrogen fuelled engine 1o the
output power larger than that of the original gasoline engine with natural aspiration, while the NOx concentration less
than 10 ppm at the air excess ratio of 2.5 was obtained without any exhaust gas catalyst afler-treatment system.

(2) There occurred no backfire during this engine operation.

KEYWORDS : Hydrogen Fueled Engine, External Super-Charged, Lean-Bum, Engine and Emission Performance

The following conclusions have been obtained throughout this experiment.

(1) It was found that the pressure of intake air at 200 kPa abs. could lead the small hydrogen fuelled
engine to the output power larger than that of the original gasoline engine with natural aspiration, while
the NOx concentration less than 10 ppm at the air cxcess ratio of 2.5 was obtained without any exhaust
gas catalyst after-treatment system.

(2) There occurred no backfire during this engine operation.

(3) For small hydrogen fuelled engines to have both large output power and low NOx emission, it is a
good method to increase the pressure of intake air and perform lean combustion. This also obtains
large brake thermal efficiency. And it is found that the exhaust calalyst after-treatment system can be
eliminated.

This is the briefing of the following paper: The CD-ROM Proceedings of WHEC 16, 13-16 June,
2006 at Lyon in France



RECENT DEVELOPMENT OF HYDORGEN FUELLED
I. C. ENGINES AT HYDROGEN RESEARCH CENTER (HERC)
OF MUSASHI INSTITUTE OF TECHNOLOGY

Kimitaka Yamane

Hydrogen Energy Research Center, Musashi Institute of Technology
1-28-1 Tamazutsumi, Setagaya-ku, Tokyo, 158-8557, Japan

yamane@herc musashi-tech.acjp

ABSTRACT

The characteristics of hydrogen bring about many advantages for internal combustion engines such as the wide
Slammable limits, the high combustion velocity, the small ignition energy and so on. Since 1970, Musashi Institute of
Technology led by the late Prof. and Dr. Shoichi Furuhama has been developing hydrogen fitelled internal combustion
engines and cars. It has been found that the mixture formation plays important roll for the engine power and emission
performances. In particular, the external mixture formation is subject to abnormal combustion such as the backfire, the
pre-ignition and the knocking. However, internal mixture formation can completely eliminate the abnormal combustion
resulting in higher output power. On the other hand, the combustion by the internal mixture formation is subject to
generating nitric oxides even in lean mixture.
In this paper; the following subjects are discussed.
1. Characteristics of the external and internal mixture formations
2. Abnormal Combustion brought by the external mixture formation
3. Resent Development of Hydrogen Fuelled Internal Combustion Engines being developed now
(1) A High Super-charging Lean-burn Combustion Engine with High Pressure Direct Injection in the
Early Compression Stroke
(2) Internal Combustion Engine with Direct Injection by Common-rail type High Pressure Direct Injector
4. Future Prospects of the Hydrogen Fuelled Internal Combustion Engines

KEY WORD: Hydrogen, Fuel, Internal Combustion Engine, Global Warming

To solve the problems such as fossil fuel depletion and global warming, hydrogen is expected to
be a promising energy carrier unless electric energy can be stored in large quantity. Comparing to
conventional fossil fuel, hydrogen has many advantages for internal combustion engines as the fuel such
as the wide flammable limits, the high combustion velocity, the small ignition energy and the small
emission but there are also disadvantages such as the small energy by volume and the small quenching
distance. However, the advantage overcomes the disadvantage.

Since 1970, Musashi Institute of Technology has been researching and developing the internal
combustion engines and cars fuelled by hydrogen to show that hydrogen can be used practically as a fuel
for intenal combustion engines and cars and what the practical internal combustion engines and cars are.
Recent research and development at Hydrogen Energy Research Center (HERC) of Musashi Institute of
Technology such as the characteristics of the external and internal mixture formation, the abnormal
combustion brought by the external mixture formation, a high super-charging lean-bum combustion
engine with high pressure direct injection in the early compression stroke, internal combustion engine
with direct injection by common-rail type high pressure direct injector was presented,.

Invited Presentation at the 11th International Symposium on Technology for Next Generation Vehiclo & Machine held
at Chonnam National University, September 19-20, 2008
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A Study in Reduction of Boil-off Gas for an Automotive Liquid Hydrogen Tank
by a Pulse Tube Cryo-cooler
- Experimentally Parameter Study on a Pulse Tube Cryo-cooler -

HRZ &, ZRBC, AR, KARMS, REE—
WRBHKYE LEWRHR
E-mail’ kyamane@tcu.ac.jp

Abstract

The boil-off gas is only one problem for the practical use of liquid hydrogen as an automobile fuel.
A conceptual study was made to compare the cost of the liquid hydrogen boiled-off and the electric
power to liquefying the boil-off gas with a small puise tube cryo-cooler available on the present market.
The paper concluded that the cost of the electricity was cheaper than the cost of the liquid hydrogen
boiled-off. The other study was carried out and the conclusion was obtained that the pulse tube

cryo-cooler was feasible for the application to the liquefier of the boil-off gas of hydrogen in automotive
liquid hydrogen storage tanks .

This paper shows the principle of pulse tube cryo-cooler, the experimental apparatus used and
some of results obtained by using the basic pulse tube test rigs developed by ourselves. The results will
promote the performance of the pulse-tube cryo-cooler further more.

Keywords: Liquid Hydrogen, Boil-off gas, Pulse Tube Cryo-cooler, Automobile Fuel
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Seismic Risk Evaluation for Civil and Architectural Structures
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