Deterioration in Fuel Cell Performance Resulting from
Hydrogen Fuel Containing Impurities
-Poisoning effects by CO, CH4, HCHO and HCOOH -

JSAE Review Vol.24, No.1, 2003
( 15 1 )

In recent years, the so-called “environmental energy issue”
resulting from problems such as fossil fuel depletion, global
warming, atmospheric pollution and acid rain etc. has been widely
discussed. Due to this, there has been mounting pressure on the
automobile industry to develop automobiles that are equipped with
clean environmentally friendly power sources, which can replace
the conventional combustion engine. Fuel cell vehicles are
presently attaining much attention as a potential replacement for
combustion engine vehicles. This paper reports about the results
of our analysis concerning the problem of a decline in the
electricity generation performance of the fuel cell (poisoning),
resulting from the use of hydrogen fuel containing impurities in
fuel cell vehicles, when the reforming process of the carbonaceous
fuel is introduced. The specific details of our investigation were
as follows.

1) The composition of the gas generated by a methanol reformer
are estimated (when using steam reforming and auto thermal
reforming approaches).

2) A more thorough understanding of the deterioration effect
caused by impurities on the electricity generation performance of
the fuel cell was established.

Further, in this investigation a variety of types of experimental
and analytical tests were carried out on the Proton-exchange
Membrane Fuel Cell (PEMFC), which has proven itself the most
promising fuel cell for automobile use.
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Hybrid Electric Vehicles in the " Next-generation
Eco-friendly Heavy Duty Vehicles Development Project ™

( 15 1 23 )
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Effect of Boiling Point Differences of Two-Component
Normal Paraffin Fuels on Combustion and Emission in CI
Engines

Environment Research Department
Rahman Md.Montajir Hisakazu Suzuki Hajime Ishii
Yuichi Goto Matsuo Odaka

SAE International 2003 World
Congress(Detroit,Michigan,USA)
( 15 3 3 7 )

The effect of boiling point difference as well as the flash
boiling of two-component normal paraffin fuels on
combustion and exhaust emission has been examined
under different test conditions. To obtain a wide variation
in boiling point between components different high boiling
point fuels (n-undecane, n-tridecane and n-hexadecane)
were blended with a low boiling point fuel (n-pentane) and
different low boiling point fuels (n-pentane, n-hexane, and
n-heptane) were blended with a high boiling point fuel
(n-hexadecane). In addition the volume fraction of
n-pentane was varied to have the best mixture ratio with
n-tridecane. These fuel combinations exhibit different
potential for flash boiling based on a certain ambient
condition.

The results indicate that though the potential for flash
boiling is the highest for a mixture of n-pentane and
n-hexadecane it emits about 20% higher PM than a
mixture of n-pentane and n-tridecane. A mixture ratio of
about 3:1 by volume of n-pentane and n-tridecane showed
an advantageous level of flash boiling and yield the lowest
emission at all injection timings and load ranges and is
therefore proposed as a low emission fuel.



A CONMPOSITE RECEPTOR AND DISPERSION MODEL
APPROACH FOR ESTIMATION OF EFFECTIVE
EMISSION FACTORS FOR VEHICLES
Analysis of NOx Storage-Reduction Process by Thick Film
ZrO2 NOx Sensor
Environment Research Department

Aerattukkara V.Kumar
Rashmi S.Patil
8th International Conference on Atmospheric Science and 9
Applications to Air Quality 15 3 15

( 15 3 11 13 )

In India, very high concentrations of Suspended

Particulate Matter (SPM) and NOx are observed at traffic 2
junctions. However, it is difficult to estimate vehicular
emission factors at such junctions for use in dispersion
prediction modelling studies, firstly because the vehicles are
in various modes of operation like idling, accelerating and
decelerating and secondly it is difficult to delineate the
effects of other contributing sources like the complex effects
of suspension and resuspension of road dust and deposited
constituents. In this study, Factor Analysis — Multiple
Regression (FA-MR), a receptor modelling technique has
been used to quantitatively apportion the contributing
sources and thereafter using these results, an effective
emission factor is derived with an inverse calculation using
dispersion model. The measurement data consists of one
year’s field observation with a frequency of once in a week
sampling, at two traffic junctions with a similar category
wise vehicular distribution in Mumbai (India). During the
measurement period lead was being added to gasoline as an
anti-knocking agent. The observed parameters consist of
SPM along with its trace metal constituents like Al, As, Ca,
Cu, Cr, Fe, Hg, K, Mg, Mn, Na, Ni and Pb and two gaseous
components, NO5 and SO».
Of the total lead observed in the SPM, FA-MR quantitatively
apportioned 60% to vehicular sources, 20% to road dust and
remaining to other sources at both the junctions. The field
observed vehicular counts, meteorological parameters and
road geometry were used in CALINE3 (California Line
Source Model) to estimate the effective vehicular emission
factor using an inverse calculation based on 60% of the
observed lead concentration at one traffic junction. This
derived emission factor was used to predict the lead
concentration at the second traffic junction. The dispersion
model prediction improved considerably by using the
effective vehicular emission factor compared to the usage of
values from the literature. Similarly, composite vehicular
emission factors for NO2 were evaluated and tested for
independent field observations.



Analysis of the electromagnetic field in the neighborhood of a
strip line using FDTD Method

( 15 3 18 )
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Diesel nano particle measurements by impactor method
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Investigation for Insertion Loss of Noise Barrier for Sound
Source Moving at High Speed

Acoustical Science and Technology,
Acoustical Society of Japan
( 15 5 )

When a sound source is moving at high speed, the sound
source characteristics change, for example the frequency is
modulated by the Doppler effect, and these changes
increase as the velocity of movement of the sound source
increases. That is why the loss for inserting a noise
barrier when the sound source is moving at high speed
was studied.

This document first studies the application to the case of
frequency modulation of the sound source of the technique
that finds the 3-dimensional sound field analysis by
integrating along the sectional direction the basic analysis
found for a two-dimensional space with the boundary
element method. From the results of this numerical
calculation, when the sound source moves at high speed,
the sound pressure at the sound receiving point rises with
the speed and if the origin is placed at the sound receiving
point front surface and the positive direction is set as the
direction of the direction of progress of the sound source,
then the position at which the maximum value is observed
at the sound receiving point moves to a negative position.
Also, when there is a noise barrier, the maximum point
moves even farther in the negative direction and the
distance of that movement increases with speed. This
study makes clear that the maximum value of loss from
inserting the noise barrier increases and is 1.8 dB larger
at 700 km/h.
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Reduction measures and measurement method of

particulate matter emitted from diesel vehicles
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Application of Surovikin's Carbon Black Model for
Simulating Soot Emission from Diesel Engines using a
Three Dimensional KIVA Code

Environment Research Department
Aerattukkara V.Kumar

Hajime Ishii and Yuichi Goto

2003 JSAE/SAE International Spring F&L Meeting
( 15 5 19 22 )

A mathematical model based on the Kkinetics of the
formation of particles of carbon black is formulated and
implemented to a three dimensional KIVA code, a
computer programme used for modelling internal
combustion engines. In the soot model derived from
Surovikin, the whole process from the moment when the
hydrocarbon reaches the reaction temperature to the
separation of particles of carbon black consists of three
stages. First is the formation of radical nuclei. Second is
the growth of the radical nuclei and their conversion to
nuclei with a physical surface, on reaching a critical
diameter. Third is the growth of the nuclei and their
transformation into particles of carbon. First two stages of
the process have a chemical nature and are due to the
formation and growth of radical nuclei as a result of
thermal decomposition of the molecules of the initial
hydrocarbon with the splitting off of hydrogen and also the
branching of nucleus formation through the reaction of the
radical nuclei with molecules of the hydrocarbon. Third
stage of the process consists of the interaction of the
molecules of the hydrocarbon and of the radical nuclei
with the extremely active surface of the growing nuclei of
the carbon particles. This stage begins as soon as the
first radical nucleus reaches a critical diameter. Rates of
different stages are modelled in Arrhenius form with
different activation energies. The model includes the
oxidation of soot particles following the procedures of
Haynes and Wagner with rate constants from Nagle and
Strickland. The model is capable of predicting the total
in-cylinder soot concentration and particle size
distribution. Activation energies were tuned for the total
soot emission ratio of medium load operating conditions of
a single cylinder DI diesel HINO engine. The model
results are quite encouraging and the predicted soot
concentration and the particle size distributions are
consistent with the experimental observations.

Evaluation Method for HDV Fuel Economy Performance
with PC Simulation and Mapping Procedure

2003 JSAE/SAE International Spring
Fuels & Lubricants Meeting
( 15 5 19 )

As countermeasures against global warming caused by carbon
dioxide, improvement of automotive fuel economy becomes
important. In order to promote less CO2 vehicles, appropriate
methods to evaluate vehicle fuel economy performance are needed.
However, the existing fuel economy test is limited to passenger
cars and light duty trucks. The test is conducted using a chassis
dynamometer.

However, in the case of heavy-duty vehicles (HDVs), a large sized
chassis dynamometer is needed for the test. Furthermore, heavy
duty vehicles have wide variations in a combination of an
equipped engine, body shape, a transmission gear, a permissible
limit of pay load, and so on. This leads to the increase in the
number of chassis dynamometer tests. Therefore, it is not practical
to use chassis dynamometer test to evaluate HDV fuel economy
performance.

In this study, instead of a chassis dynamometer test, we developed
a practical method to estimate HDV fuel consumption performance.
This method is characterized by the combination of two procedures,
that is, an engine fuel consumption map measurement and a
computer simulation. The simulation procedure calculates
sequential engine torque and engine speed throughout virtual mode
driving. For this procedure, we developed new algorithm to
convert speed profile into engine speed and engine torque that is
available for various HDVs. With applying both data to an engine
fuel consumption map, a rate of fuel flow of every interval point
can be estimated.

We examined the effectiveness of this method by comparing
computed fuel economy data with directly measured data, and
found that the simulation method can precisely estimate fuel
economy under various shaped transient modes.



Influence of Thermo-Denuder Dimensions
Nano-particle Measurement

2003 SAE/JSAE International Spring Fuels
Lubricants Meetin
15 5 21

The volatile component included in the sample gas
streamcauses significant fluctuation in the measurement
of nanoparticle when using an available technique. In this
study an alternative technique has been considered to
avoid such fluctuations in nanoparticle measurement. As a
part of this use of a thermodenuder has been proposed to
suppress the fluctuation of nanoparticle measurement
significantly caused the volatile fractions.

A carbon particle generator was used to produce
nanoparticles. The sample gas was diluted in a dilution
chamber. Both the number and the size distribution of the
nanoparticles were measured with ELPI. Though the
behavior of nanoparticles in the TD itself is not
understood clearly, but a simultaneous effect of TD on both
the volatile and non-volatile effect was founds. Therefore
the objective of this study is to find out the feasibility of
using TD for measuring nanoparticles, the problems
associates with the measurement process, and suggesting
the respective solutions of the problems.

It is concluded that the TD influences the nanoparticles
i.e. loss of particles occurs even the sample gas contains no
volatile fractions. A sharp temperature gradient between
the low temperature wall of the absorption part of TD and
hot sample gas causes particle losses due to thermophoresis effect.
Especially the smaller particles are affected significantly.
Therefore, following cautions should be kept in mind for
measurement of nanoparticles. The TD has significant effect both
on the solid fraction and volatile fraction of nanoparticles.
Dimension and internal construction of the TD, especially the
surface area of the absorption part, thickness of filter, material and
ratio of pore should be selected very carefully when using the TD,
so that no sharp temperature gradient will be promoted inside the

TD and in all flow lines.
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Comparison of sound intensity measured close to tires
attached to trailer between on road and on roller bench
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Exhaust Emission Behavior of Mixed Fuels having
Different Component Cetane Number and Boiling Point
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A study on the behavior of nano particles from a diesel
engine with DPF

2003
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Comparison of the Energy Flow and Fuel Consumption of
Heavy Duty Hybrid Vehicles

JSAE20035422
( 15 5 22 )

In recent years, global warming and exhaustion of
natural resources caused by the rapidly increasing motor
vehicles make it is urgent to introduce high energy
efficiency vehicles than ever before. Hybrid vehicles are
selected and developed by many manufactures for their
potential to reduce fuel consumption and exhaust
emissions.

With this effort, hybrid passenger cars are increasing
becoming practical use, the hybrid heavy duty vehicles
also appear. For example, in Japan, the low pollution
vehicles developing promotion project was set, both the
series and parallel hybrid buses were developed in 2002
and they reduced 26%, 30% fuel consumption than
conventional vehicles.

Because there are so many factors that influence the
hybrid vehicles fuel economy, such as the power train
configuration, control strategy, components performance
and parameters matching, and there are much more
components in a hybrid power train than conventional one
(generator, motor, battery, etc.), it is difficulty to obtain
optimal power train for hybrid vehicles. This paper
analyzes the impact of those factors on vehicle s fuel
economy, this will help to obtain appropriate power train
for heavy duty hybrid vehicles.

1) For the proposed vehicle, the optimal parallel power
train reduces 55% fuel consumption, while the series
power train reduces 45% fuel consumption than
conventional counterpart at M15;

2) The vehicle achieved fuel consumption ratio is very
different in different cycles. It is best in M15 and worst in
New ED mode for the supposed vehicle;

3) Both the series and parallel power train average
efficiency is formulated, and the vehicle fuel economy
improving way is summarized..

Influence of Measuring Technique
on Nano Particle Distribution
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Analysis of NOx Storage-Reduction Catalyst Performance Development of Measurement Device

-Method by Thick Film ZrO2 NOx Sensor- for Magnetic Field on Railway
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Verification of Dynamics of an Experimental Single-Axle Truck
-Comparison of stand tests, running tests and simulation-

Dynamic Characteristics of a Single-Axle Truck for
Compatibility between Stability and Curving Performance

\ehicle System Dynamics, Vol.37, Supplement
15 1
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EMC subjects from now Standardization for automated transport systems
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DEVELOPMENT OF AN ACTIVE MUFFLER
FOR MEDIUM-DUTY DIESEL VEHICLES
CONSIDERING THERMAL INFLUENCE

AND CONTROL TRACKABILITY

Noise Control Engineering Journal
2003 March-April

Although the active noise control (ANC) method has made
considerable progress towards practical use in some fields,
there has been little success in its application to vehicle
exhaust noise control due to the rapid changes of engine load
and rotational speed during driving and owing to the high
exhaust gas temperature and other thermal problems.

In general, an ANC method employing secondary acoustic
sources is effective at low frequencies and is suitable for
lowering the exhaust back-pressure, thus offering the
possibility of increasing the engine power output and fuel
consumption efficiency of the vehicle. Furthermore, ANC may
reduce the size of the muffler and facilitate its installation.
Consequently, ANC is regarded as a promising means of
reducing vehicle exhaust noise.

To bring ANC into practical use, secondary sound sources
(often loudspeaker units) must be protected from the heat of
exhaust gas and a satisfactory level of ANC trackability and
stability must be achieved during accelerated running. In this
study, a practical exhaust noise ANC system ("active muffler")
was developed. This active muffler was designed to protect its
speakers from thermal influence and was aimed specifically
at reducing the harmonic components of exhaust noise at low
frequencies in response to the analytical data obtained from a
medium-duty diesel truck during accelerated running.

A time based synchronized filtered-X algorithm ("SFX-TB
method") with a variable step size parameter was proposed as
a method for effectively controlling the active muffler
operation in a time-varying environment. The rationality and
validity of this method were verified by simulation analysis
and by actual operation of the experimental active muffler
installed on a diesel truck under accelerated running
conditions.

Development of an Evaluation Method for Estimating
Information Processing Time Based on Blink Latency
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Trends of R&D and Examination of FCVs

in Foreign Countries
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