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Influence of Dilution Process on Engine Exhaust
Nano-Particles

2004 SAE World Congress

6 3 8

Recently particulate matter (PM) emission from internal
combustion engines especially particles having the
diameter of less than 100 nm those are called as the
Nano-particles are considered to be seriously hazardous
for human health. Therefore investigation of the
generation process of such particles and their accurate
measurement techniques are very important. In this study
the influence of dilution process on nano-particle
generation and measurement are presented. It is found
that the thermo-dilurter is necessary for measuring the
nano-particles with higher accuracy. Because, accurate
measurement of nano-particles needs immidiate dilution
of the exhaust gas by hot air after the exhaust pipe.

Research and Development Program of the
Next-generation Environmentally Friendly Vehicles
(EFVs) in Japan

2004SAE World Congress

6 3 9
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Trapping performance of fine particles from a diesel
engine by various DPFs with different surface structures

2004 SAE World Congress

16 3 9

The regulation of particulate matter (PM) from diesel
engines is coming to be very stringent at present. The
usage of diesel particulate filter (DPF) is now under
consideration in many heavy-duty diesel vehicle
manufacturers to reduce PM emission from a diesel
engine. The possibility that very fine particles may pass
through DPF is suggested. The understanding of fine
particles emission behaviors and the countermeasure of
reducing particle emissions from DPF will come to be
important in near future. The behavior of particle size
distribution after DPF has not been studied enough yet.

In this study, fine particles generated by a diesel engine
are introduced to honeycomb type and SiC (Silicon
Carbite) fiber type DPFs and the collection performances
of fine particles by various DPFs with different surface
structures have been examined. Moreover, the
simultaneous measurement of particle size distribution
before and after various DPFs by two ELPIs (Electric Low
Pressure Impactor) has been carried out and the
relationship between the change of exhaust gas flow and
the trapping of fine particles has been investigated under
various transient driving conditions. As the result, it
can be seen that while an increase in exhaust gas flow
rate through the active regeneration type SiC fiber DPF
has influence on a decline in trapping efficiency, a new
alumina-coated active regeneration type DPF can be

considered effective in trapping PM ultrafine particles.

Modeling Atomization and Vaporization Processes
of Flash-Boiling Spray

SAE 2004 World Congress

( 16 3 9 )

Flash-boiling occurs when a fuel is injected to a
combustion chamber where the ambient pressure is lower
than the saturation pressure of the fuel. It has been
known that flashing is a favorable mechanism for
atomizing liquid fuels. On the other hand, alternative
fuels, such as gaseous fuels and oxygenated fuels, are
used to achieve low exhaust emissions in recent years.
In general, most of these alternative fuels have high
volatility and flash-boiling takes place easily in fuel spray,
when they are injected into the combustion chamber of an
internal combustion engine under high pressure. In
addition, fuel design concept the multicomponent fuel
with high and low volatility fuels has been proposed in
the previous study in order to control the spray and
combustion processes in internal combustion engine. It
is found that the multicomponent fuel produce
flash-boiling with an increase in the initial fuel
temperature. Therefore, it is important to investigate
these flash-boiling processes in fuel spray.

In the present study, the sub models of flash-boiling spray
are constructed. This sub model considers the bubble
nucleation, growth and disruption in nozzle orifice and
injected fuel droplets. Therefore, the model is
implemented into KIVA3V and the spray characteristics
of multicomponent fuel with and w/o flashing are
numerically investigated. In addition, these numerical
results are compared with experimental data which were
obtained in the previous study using a constant volume
vessel. The flashing spray characteristics from
numerical simulation qualitatively shows good agreement
with the experimental results. Especially it is confirmed
from both the numerical and experimental data that
flash-boiling effectively accelerates the atomization and
vaporization of fuel droplets. This means that lean
homogeneous mixture can be briefly formed by using
flash-boiling in combustion chamber.



Calculation of the electromagnetic field in a strip line
using FDTD Method

First International Symposium on Standard Materials
SAE 2004 World Congress and Metrology for Nanotechnology (SMAM-1)

( 16 3 11 ) 16 3 16

Recently, vehicles are equipped with a lot of electronic devices
in order to achieve advanced performance and functionality.
Therefore, study of electromagnetic compatibility (EMC) for SMAM-1
vehicles has become more and more important. A large anechoic
chamber is needed for the electromagnetic interference (EMI)
measurement under automotive EMC, because the space between the
vehicle and measurement point is 3 mor 10m in the EMI measurement.
The necessity of a large anechoic chamber increases the cost of EMI
measurement. If it is possible to calculate the electromagnetic
wave emitted from a vehicle, it will lead to reduction of the cost
in the EMI measurement.

It is difficult to validate the calculation of the electromagnetic
field for a realistic vehicle, because the conditions for calculating
a realistic vehicle model are complicated. Therefore, we calculated
the electromagnetic field for a simple form object and checked the
validity of the calculation method.

In this paper, we calculated the electromagnetic field for a strip
line which was a simple form object, using Finite Difference Time
Domain (FDTD) method. High frequency current (100MHz) was input to
the strip line. We calculated the electromagnetic field in the
neighborhood of the strip line. Ve then made a real strip lire, ad
measured its electromagnetic field using a miniature optical electronic
field sensor. We compared the calculated result with the measurement in
order to check the validity of the calculated result. Trends in the
calculated result was approximately equal to the measurement.
Therefore, we concluded that the calculated result of the strip line
using the FDTD method was valid.
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A circuit model of strip line termination for
FDTD calculation
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The application of the environmental friendly
transport system to the Asian countries

Asian Electric Vehicle Conference(AEVC-3)
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Interference Effect on Determination of Aldehydes form

vehicles Ehaust Emission-Effect of Nitrogen Dioxide-
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Exhaust Behavior and Reduction Methods of Dioxines

from Diesel Vehicle
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16 3 26
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PM technology and diesel emission regulation in Japan

KATECH International Workshop (Advanced Diesel
soot measurements and After-treatment technology)

16 4 27

Current  measuring technologies and reduction
technologies of PM areintroduced in Japan.

Status of Air Pollution and Contribution of Automobiles
in Japan are asfollows;(1). Attaining rate of
environmental standard for NO2 and suspended
particulate matter (SPM) has not improved and remained
very low level in bigcities such as Tokyo, Osaka etc.
(2). Increase in traffic volume, especially diesel
vehicle, is considered tobe the main cause. 50% of NOx
discharged in the atmosphere 30 to 40% of particulate
(PM) discharged in the atmosphere are fromautomobiles.
(3). Rate of the number of diesel vehicle: 18% in total
vehicle in Japan._However 75% of NOx and most of PM from
automobiles are caused by dieselvehicles.

Moreover, the regulation trend of PM in Japan 1is
reviewed.

(1) The present status of air pollution by automobiles
in Japan and various

government policies for improving these situations were
introduced.

) According to demand for environmental
improvement, automobile

exhaust emission regulations have been introduced and
tightened step by

step.

3 However, continuous growth in the number of
vehicles has overcome

the effect of regulations such that environmental NOx
and SPM still pose a

grave threat.

@4 Further strategy is required toward the near
future to solve these

environmental problems.
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Study on Fuel Cell Poisoning Resulting from Hydrogen
Fuel Containing Impurities

Proceedings of the FISITA2004

World Automotive Congress

16 5

This paper covers our investigation into a decline in fuel
cell performance resulting from hydrogen fuel
containing impurities. The results of the investigation
are summarized as follows:

Impurities that are estimated to be mixed in hydrogen
fuel have been investigated. Specifically, clarification
has been provided of the fuel gas composition and
concentration of the fuel finally supplied to the fuel cell
when the methanol reforming method, gasoline
reforming method, or low purity hydrogen is utilized as
the fuel storage supply method.

The existence of CO, formaldehyde, formic acid,
hydrogen sulfide, sulfur dioxide and benzene poisonings
have been pointed out, and their extents were evaluated
and compared. The tolerable mixing concentration has
been also investigated.

It has been shown that hydrogen sulfide and sulfur
dioxide poisonings had peculiar properties. Specifically,
it has been made transparent that their poisoning
effects were extremely strong, and the development of
poisoning is slow compared with that of CO poisoning;
further, their poisonings were not reversible.

The Pt-Ru type catalytic-electrode is widely expected to
be utilized as a countermeasure for the CO poisoning.
However, unexpectedly, it has been pointed out that a
decline in electricity generation occurs when the Pt-Ru
type catalytic-electrode is utilized with gases including
formaldehyde, formic acid, hydrogen sulfide, sulfur
dioxide and benzene, as compared with when the Pt type
is utilized.

It has been confirmed that no poisoning behavior was
found for methane.
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Research on Brake Assistance in Emergency Situation
Assisting Timing of Brake Assistance

16

2004

21

)

2

3

4

20

25

16 5

10.5 cc/min

400 rpm

30

DME

19

95%

DME

80%



1)

)

®3)

(4)

THC

CO

16

DME

CO

DME

NO
5 19
Jerk
NO
NO PM
DME
DME PM
DME
EGR
DME
A
CcO
coO EGR
15% EGR
10%
EGR NOx
EGR NOx
DME EGR
20ppm
EGR
CO

75 60

16

CH3-0O-CH3

EGR

5 19

PM

DME CNG LPG

NOx PM
EGR
NOXx
EGR PM

DME
NOx

DME

DME

NOx

16 18
NOXx
EGR



DME

co,

DME

PM

DME

NOX
DME

Reduction, NSR

NOX
NOxX
80
350

@

EGR
Co

©)

®

NOx

2004

(PM: Particulate matter)

Dimethyl

DME

NOx
NOx

NOx

NSR

DME

NOx

NOxX

Ether

NOX

NOx Storage

EGR

DME
PM
NOx
NOx
NOXx
EGR
NOx 1280rpm
2

14Nm

NOX

DME

2004

16 5 19

DME

15MPa
2800rpm 45Nm 35MPa

NOx

NOX

DME

1053cm®

-5<ATDC
-13<=ATDC

NOx



SMPS  LII

Measurements of Particles in Exhaust Emission
from Diesel Engine Using SMPS and LII

2004

( 16 5 20 )
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Evaluation of Ammonia Continuous Measurement

Techniques for Automobile Exhaust Gas
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Numerical Study on Flash-Boiling Spray of
Multicomponent Fuel

FISITA 2004 Automotive Congress

( 16 5 24 )

Flash-boiling occurs when a fuel is injected to a
combustion chamber where the ambient pressure is lower
than the saturation pressure of the fuel. It has been
known that flashing is a favorable mechanism for
atomizing liquid fuels. In the previous studies, the
atomization characteristics (droplet diameter, size
distribution, spray angle and droplet dispersion etc.)
of superheated water were investigated. It was reported
that flash-boiling was very effective for atomization of
water. However, a real fuel should be used instead of
water when analyzing the flash-boiling spray in internal
combustion engine, because the properties of water are
very different from those of hydrocarbon fuels.
Moreover, alternative fuels, such as gaseous fuels and
oxygenated fuels, are used to achieve low exhaust
emissions in recent years. In general, most of these
alternative fuels have high volatility and flash-boiling
takes place easily in fuel spray. Therefore, it is
important to consider the flash-boiling process in order
to investigate the spray characteristics of high
volatility fuels.

In the present study, the sub models for flash-boiling
spray considering the bubble nucleation, growth and
disruption are constructed and these sub models are
implemented into KIVA3V. The effects of initial fuel
temperature on the numerical results are investigated.
In addition, the validation of this model is verified by
comparing with the experimental results obtained in the
previous study.



GENERATION AND DISTRIBUTION BEHAVIOR OF
NANO PARTICLES IN EXHAUST PIPE AND
DILUTION PROCESS

FISITA2004 World Automotive Congress

16 5 25

Recently particulate matter(PM)emission from internal
combustion engines especially from the diesel engines is
becoming a sever problem. Specially, particles having diameter
of less than 100nm are usually called as Nano-particle are
considered to be seriously hazardous for human health.Due to
very smaller in size these nano-particles are very difficult
to measure by the conventional gravimetric measurement system
with sampling in a filter paper. More over it is assumed that
more attention should be given to the effect of number and
surface area of nano-particles to human health rather than to
the effect of total mass of PM. However, emission behaviour
of nano-particles, especially the Nuclei-mode of
nano-particles having diameter less than 30nm is very
sensitive to the engine operating condition, measurement
conditions and others. Therefore motivation of this research
is to confirm the behaviour of nano-particles emitted from
engine and recommendation of precise measuring method for
nano-particles.

Measurements of nano-particles emitted from an 8 little DI
diesel engine with common rail injection system were performed
at four different points from the exhaust pipe upstream (just
behind the turbo charger ) to the exit of the full dilution
tunnel. Number distribution of nano-particles was measured by
SMPS, ELPI and NanoMet type measuring systems. A rotary type
or an ejector type diluter was used for measurement of high
concentration and high temperature exhaust gas at the upstream
part of the exhaust pipe.

It was found that, generation of the nuclei mode particles
having the peak at 10nm size increases with decreases in the
exhaust gas temperature. Particle number concentration during
accumulation mode does not depend on exhaust gas temperature.
But the nucleation mode particle generation at the low
temperature upstream region becomes higher and the number
concentration decreases with increases in the exhaust gas
temperature. Especially the concentration of nano-particles
generated at the upstream part does not vary even when
travelling to the low temperature downstream part of the
exhaust pipe .Generation of nuclei mode particles is
significantly influenced by the cooling history of the exhaust
gas just after the exhaust valve.

Magnetic field measurement method for railway

2004InternationalSymposiumonElectromagnetic
Compatibility Sendai

16 6 1 4
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A METHOD FOR MEASURING REFLECTION
DISTRIBUTION OF THE ELECTROMAGNETIC WAVE
ABSORBER BY SCALAR INVERSE SCATTERING

2004 International Symposium on Electromagnetic
Compatibility, Sendai

( 16 6 2 )

A novel method for measuring vreturn loss of
electoromagnetic wave absorbers 1is proposed. This
method makes it possible to measure not only the return
loss but its distribution for any shape of
electromagnetic wave absorbers. An experiment is made
in the microwave region 7-17GHz. Comparison with
of the
reflection method shows the possibility of the proposed

method.

experimental results conventional power

Real-time measurement of particle size distribution from
diesel engines equipped with continuous regenerative

DPF under a transient driving conditions

2004SAE Fuels & Lubricants Meeting (Toulouse)

16 6 8 10

A new PM measurement method, such as particle
measurement equipments, samplings and so on, is being
studied at present for a type approval test in the future.
Particles emitted from diesel engines, especially the
particles that are called "Nuclei Mode Particles" are very
unstable and easily influenced by the engine operating
conditions.

Most of nuclei mode particles are said to consist of volatile
organic particles with mainly high carbon numbers. It is
said that a continuous regenerative type DPF(Diesel
Particulate Filter) consisting of oxidation catalyst and
ceramic filter will prevail in the near future. These
particles may be able to be reduced by an oxidation
catalyst in this DPF.

The objectives of this study is to investigate the behavior
of nuclei mode particles in DPF (CRT, Continuous
Regenerative Trapper) that will prevail and to clarify the
collection performance of DPF for nuclei mode particles by
using a fast particle sizer (DMS500)which can measure
particle size distributions in real time. The transient
particle size distribution behaviors were measured in real
time by DMS500.

It was shown that an oxidation catalyst in CRT reduced
nuclei mode particles in the condition of more than 200
Celsius degree exhaust gas temperature but did not
reduce them in less than 200 Celsius degree exhaust gas
temperature but did not reduce them in less than 200
Celsius degree. The particle number concentrations
reduced to about 1/100by DPF.



The Performance of a Diesel Engine for Light Duty Truck
using a Jerk Type In-Line DME Injection System

SAE International 2004 Spring Fuel and
Lubricants Meeting

16 6 8

DME

€Y

&) 2
®

©))

®)
(©)
Q)
(8) DME

®

(10)
THC
co
co  15% co
10%

Effects of Injection Pressure on Combustion of a Heavy
DutyDiesel Engine with Common Rail DME Injection
Equipment

SAE International 2004 Spring Fuel and
Lubricants Meeting

Simultaneous reduction of NOx and particulate matters
(PM) emitted from diesel engines, which are major causes
of air pollution, are strongly demanded. Especially, DME
can be mass-produced from natural gas and coal and it also
has a high cetane number a thermal efficiency about the
same as that of diesel fuel can be expected of DVME. DME,
however, has a characteristic of being easier to
evaporate than diesel fuel, and the ignition delay is
shorter. This urgently requires the development of
injection and combustion systems that are suited for
these characteristics. In this study, one-cylinder
direct injection diesel engine equipped with a common
rail system was used. The common rail system was adapted
for use with DME, with the injector and high-pressure
pump specifically modified for DME operation.
Preliminary tests were conducted to check the injection
rate and quantity at same cylinder pressure (4MPa).
Increase of injection pressure was tested to improve the
performance in high-speed and high-load condition using
experiments.

The results led to the following conclusions:

(1) The higher the fuel injection pressure, the more
active the premixture combustion and the shorter the
combustion period. And although the amount of NOX
emission increased, the specific energy consumption
improved even in high-speed and high-load conditions.
(2) From the spray images, it was observed that up to the
injection pressure used (35MPa), no interference exists
between sprays and the droplets become atomization and
evaporations more active.

(3) In the high-temperature and high-pressure chamber at
near the TDC, the fuel droplets became atomization
evaporated with high ambient temperatures and fuel
droplets reach the spray tip penetration.

(4) When the injection pressure of 35MPa is used,
although the specific energy consumption is somewhat
higher, the same level of engine output performance as
diesel is obtainable.



Development of NOx Storage Reduction System for a
Dimethyl Ether Engine

SAE International 2004 Spring Fuel and
Lubricants Meeting

16 6 8 16
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Visualization Experiment in a Transparent Engine with
Pure and Mixed Normal Paraffin Fuels

SAE International 2004 Spring Fuel and
Lubricants Meeting

16 6 10

In the previous study design of two-component normal
paraffin fuel was attempted considering the components
and blending ratio. Only the thermodynamic analysis of
combustion and analysis of emission characteristics were
performed to evaluate the design performance. In this
study mixture formation behavior and combustion
phenomena of pure and mixed n-paraffin fuels were
investigated by direct visualization in an AVL engine with
bottom view piston. The experiments included
laser-illuminated high-speed photography of the fuel
injection phase and combustion phase to investigate
physical differences. The results obtained for the
proposed fuels are compared with the results of
conventional diesel fuel.

It was found that the two component normal paraffin
fuels with similar thermo physical properties have very
similar spray development pattern but evaporation rates
are different. For a same mixture promoting component
the first visible flame appears very early and the main
combustion duration becomes short when the chain
length of the igniting component increases. On the other
hand for a same igniting component appearance of the
first visible flame remains almost constant but the
duration of combustion elongates with much luminous
flames when the chain length of mixture promoting
component increases. When the fraction of pentane in the
mixture with tridecane increases the spray penetrates
shorter but disperses widely. Much homogeneous charge
forms, which burns with less luminous flames.

Effects of Fuel Properties on Combustion and Exhaust
Emissions of Homogeneous ChargeCompression Ignition
(HCCI) Engine

2004 SAE International Spring Fuel and
Lubricants Meeting

Homogeneous Charge Compression Ignition (HCCI) is
effective for the simultaneous reduction of soot and NOx
emissions from diesel engine. In general, high octane
number and volatility fuels (gasoline components or
gaseous fuels) are used for HCCI operation, because very
lean mixture must be formed during ignition delay of the
fuel. However, it is necessary to improve fuel injection
systems, when these fuels are used in diesel engine.

The purpose of the present study is the achievement of
HCCI combustion in DI diesel engine without the
large-scale improvements of engine components.
Various high octane number fuels are mixed with diesel
fuel as a base fuel, and the mixed fuels are directly
applied to DI diesel engine. At first, the cylinder
pressure and heat release rate of each mixed fuel are
analyzed. The ignition delay of HCCI operation
decreases with an increase in the operation load, although
that of conventional diesel operation does not almost
varied. In addition, the mixed fuel containing much high
volatility fuel produces the higher peak of heat release
rate of premixed combustion.

The exhaust emissions (CO, COz, THC, NOx, PM) in case
of each mixed fuel are measured. Low NOx emission can
be achieved by HCCI operation using the mixed fuels
despite low volatility of base fuel. However, PM
emission is relatively high in case of HCCI operation, and
then PM is separated into SOF and ISOF. As a result, it
can be confirmed that the high PM emission is derived
from the increase in SOF, and the high SOF emission
results from the base fuel in the mixed fuels.



Comparative Measurement of Nano-Particulates in Diesel
Engine Exhaust Gas by Laser-Induced Incandescence
(LI1) and Scanning Mobility Particle Sizer (SMPS)

2004 SAE International Spring Fuel &
Lubricants Meeting

Particulate Matter (PM) from diesel engines is thought to
be seriously hazardous for human health. Generally, it
is said that the hazard depends on the total number and
surface area of particles rather than total mass of PM.
In the conventional gravimetric method, only the total
mass of PM is measured. Therefore, it is very important
to measure not only the mass of PM but also size and
number density of particulates. Laser-Induced
Incandescence (LII) is a useful diagnostic for transient
measurement of soot particulate volume fraction and
primary particle size. On the other hand, Scanning
Mobility Particle Sizer (SMPS) is also used to measure
the size distribution of soot aggregate particulates at a
steady state condition. However, the measurement
processes and the phenomena used to acquire the
information on soot particulate are quite different
between the LIl and SMPS methods. Therefore, it is
necessary to understand the detailed characteristics of
both LIl and SMPS. In the present study, the size
distributions of PM from DI diesel engine are measured
by both LIl and SMPS simultaneously. In addition, PM
mass emission is measured gravimetrically through a
dilution tunnel and is separated into SOF and ISOF.
The effects of EGR rate and engine load on the results of
these particulate measurements are investigated. The
different trends in the characteristics of PM emission are
shown in each measurement methods for PM. The
difference of detailed characteristics between LII and
SMPS are illustrated by comparing the measurement
results for the particulates. Finally, the problems
associated with the measurements using each method are
considered and some recommendations have been given
for accurate measurement of nanoparticles.

Test Procedures for Vehicle Compatibility Evaluation

International Crashworthiness Conference

16 6 14

Test procedures to assess vehicle compatibility were
investigated based on a series of crash tests. The
structural interaction and compartment strength are
significant for compatibility, and full-width tests and
overload tests have been proposed to assess these key
factors. Full-width rigid and deformable barrier tests
were compared with respect to force distributions,
structural deformation and dummy responses. In
full-width deformable tests, forces from structures can be
clearly shown in barrier force distributions. The AHOF
determined in full rigid and deformable barrier tests were
similar. To investigate the compartment strength, the
results of five overload tests at 80 km/h were examined.
The rebound force is proposed for compartment strength
criterion, and this criterion has a correlation with the
intrusion into the passenger compartment in car-to-car
crash tests. The rebound force in overload tests is also
close to that in ODB 64 km/h tests. Full-width tests and
ODB 64 km/h tests (or 80 km/h) are useful for
compatibility performance evaluation.



Development of the LRT introduction evaluation simulator
in consideration of automobile traffic

23
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Simulation for Polarimetric Microwave Imaging

by the Method of moments

21

Performance of Nox Absorption 3-Way Catalysis
Applied to a Hydrogen Fueled Engine

The World Hydrogen Energy Conference

16 6 24 7 2

Nitrogen oxides (NOX) is one major pollutant in the
exhaust gas even in hydrogen fueled engines operated with
external mixture formation to obtain high output power.
To decrease the NOx emission, a NOX absorption 3-way
catalyst bed developed for practical use to decrease the
NOx emission in the exhaust gas of leanburn gasoline
engines was installed 650mm downstream of the exhaust
port of an actually operating engine fueled by hydrogen.
The hydrogen gas was injected into the small chamber just
upstream of the catalyst bed absolutely independently to
the fuel of the engine. And the effect of the amount of
injected hydrogen, the injection timing and engine
operating conditions on the reduction of the NOx emission
in the exhaust gas was experimentally studied. It has
been found that the catalysis is one of good measures to
reduce NOx in the exhaust gas of hydrogen fueled engines.
Just only 3% of the amount of hydrogen fuel consumed in
the test engine was enough to eliminate more than 90% of
NOx emission in the exhaust gas when NOx concentration
was about 200ppm. However, when the concentration was
about 1000 ppm, the 3% of the hydrogen fuel consumed in
the test engine could only reduce 50% of the NOx emission.



Present trend of international standard on NO
railway systems

16 6 25 16 6 27 7 2

Late direct injection hydrogen fueled engines are
subjected to NOx emission in the exhaust gas to a large
extent in contrast with the high thermal efficiency and
the large output power. The NOx emission is one major
pollutant in the exhaust gas of late direct injection
hydrogen fueled engines. To decrease the NOx emission,
a NOx absorption 3-way catalyst bed developed to decrease
the NOx emission in the exhaust gas of lean-burn gasoline
engines was installed 500 mm downstream of the exhaust
port of the engine. The hydrogen gas was injected into
the chamber just upstream of the catalyst bed. And the
effect of the amount of injected hydrogen, the timing,
the space velocity, the temperature of the catalyst bed
and engine operating conditions on the reduction of the
NOx emission in the exhaust gas was studied. It has been
found that the catalysis worked well for the late direct

injection hydrogen fueled engine.



16 6 27 7 2

It has been found that the output power and the thermal
efficiency of hydrogen fueled engines are increased by
the direct injection of hydrogen fuel into the engines.
In order to obtain the high pressure enough for the direct
injection onboard, a high pressure liquid hydrogen pump
with a self-lubricant material and a radius clearance of
1 to 4 micro-meters between the piston and the cylinder
is required even when the pump is 1in the ambient
temperature or in the liquid hydrogen temperature of 20
K. A composite material consisting of a 1.5 2.5
thick self-lubricant resin with carbon fine powder
contained and a ultra-low thermal expansion nickel alloy
lined with the resin was used for the material of the
piston. However, the coefficient of thermal expansion
of the resin was subject to change by lot by lot. The
change of the coefficient of thermal expansion was too
large to control the radius clearance of 1 to 4
micro-meters. To control the radius clearance, the
composite material was adjusted by measuring the radius
clearance in liquid hydrogen whenever the lot of the
resin was changed. If the thickness of the
self-lubricant resin is small, the change in the radius
clearance is expected to be small enough to neglect the
large coefficient of thermal expansion. A basic
experiment was carried out to find an appropriate
material which has the character of self-lubrication and
low friction coefficient and a method to fix the material
strongly on the surface of the piston. The material and
the method were found. This work here was carried out
to find whether the material and the method could be
practically used for liquid hydrogen pumps. This paper
shows the performance of the pump, the material coated
on the surface of the piston before and after the
experiment.
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