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Hydrogen Concentration Distribution in Simulated Spaces for a

Hydrogen System Installed in a Large Bus in Case of Hydrogen

Leakage
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H B B2 AT SR
AR DEst, ERFE., #OEk, REME

SAE 2008 World Congress
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Document Number 2008-01-0727

In recent years, the problem of global warming has made it necessary
to take positive environmental measures against carbon dioxide
emissions from automobiles. One promising development is fuel cell
vehicles. A fuel cell vehicle uses hydrogen as fuel. Generally, the
hydrogen is stored in the vehicle as high-pressure gas, which is one
of the available installation methods. In this case, the prevention of
hydrogen leakage is an essential safety issue.

Fuel cell technology is expected to be used in large buses as well.
Large fuel cell buses will require several gas tanks to be installed
on the roof in order to preserve passenger compartment space and
give sufficient cruising distance. The space for the hydrogen
system would therefore be larger in buses than in passenger cars. In
such large spaces, if the hydrogen leaks because of loose piping
joints, etc., a stationary vehicle with no airflow would let leaked
hydrogen accumulate in the space. The hydrogen concentration
distribution in such a large space has not yet been studied. In
addition, it is generally known that hydrogen will bum at a
concentration of 4% or above and explode at 18% or above. It is
therefore important to know the hydrogen concentration distribution in
spaces where hydrogen has leaked.

In this experiment, we studied hydrogen concentration distribution
by leaking hydrogen in simulated spaces in two cases: (1) when
hydrogen gas tanks are installed on the roof of a bus; and (2) when
an electricity-generating system, such as fuel cell stacks, etc., is
installed at the rear of the bus. In the experiment, the opening areas
of the simulated spaces, the leak rates and the direction of the leaks
were used as parameters.

The results of the experiments show that hydrogen concentration
distribution is kept at a constant level throughout each location in the
simulated space, depending on the opening area and hydrogen
leakage rate. It was also found that the diffusivity of hydrogen in air is
extremely high. Hydrogen diffuses through openings, preventing a
high concentration from accumulating inside the space, thus keeping
the concentration below the lower flammable limit (LFL) of 4% (by

volume), in many cases.
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Basic Research on the Release Method of High Pressure
Hydrogen Gas for Fuel Cell Buses in the Case of a Vehicle Fire
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Fuel cell vehicles that use high pressure hydrogen gas as a fuel
should be able to immediately release hydrogen gas from the
cylinder through pressure relief devices (PRDs) in the event of a
vehicle fire. The release through PRDs prevents the cylinder from
exploding due to the increased pressure of hydrogen gas, but the
method of releasing the gas needs to be specified in order to avoid
secondary disaster due to the spread of fire. Since hydrogen
cylinders for fuel cell buses are different in terms of installation
location and size from those for ordinary vehicles, the location of
PRDs and the release direction of hydrogen gas should be
separately examined.

In this study, with regards to methods of releasing high pressure
hydrogen gas in the event of a fire of a fuel cell bus, the location
and activation conditions of PRDs and the influences of the
release direction of hydrogen gas on the surroundings of a vehicle
were tested. The following results were obtained:

HYDROGEN CYLINDER BONFIRE TEST

(1) When the test was conducted according to the conventional
method (ISO-11439), the temperature at the PRDs placed on both
ends of the large cylinder did not rise to the activation temperature.
The center part of the cylinder comes in contact with the flame
and PRDs are not activated even if the internal pressure increases.

(2) If PRDs are placed over the flame, they are more likely to be
activated than when they are placed away from the flame.

(3) Covering the entire cylinder to contain heat facilitates the
activation of PRDs.

HYDROGEN RELEASE TEST

(4) When hydrogen was released horizontally from the height of 3
m above the ground, no significant temperature changes were
observed near the ground level (1 m), while those at the height of
3 m or higher tended to be great.

(5) In the test taking the difference in height of the vehicle into
account, the high-temperature flame dispersed over a wider area
was observed at the vehicle height of 0.6 m than at the height of
0.3 m.
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Influence of the Fuel Compositions

on the Homogeneous Charge Compression Ignition Combustion

FRAEMECHENABEICRIEZTRMRSDEE

International Journal of Engine Research
(F£HE)
(CFRk 20 44 )
Vol. 9, No, 2, pp.123-148 (2008)

Homogeneous Charge Compression Ignition (HCCI) engines
are drawing attention as the next-generation internal-combustion
engine, but have not been put to practical use because of several
issues. One of the issues is that increasing the fuel charge causes
rapid combustion in the combustion chamber, which results in
knocking that limits its operation region.

In this study, the focus was put on a method to increase the
operation region of HCCI engines by mixing two fuels with
different reactivity. First, DME, n-butane or hydrogen was
mixed with methane to investigate how the changes in mixing
ratio affected oxidation reaction of the pre-mixture based on
numerical calculations with elementary reactions.

From the calculation results, applicable types of double
componential fuels for HCCI engines were considered. Based
on the results of the consideration, DME or n-butane was mixed
with methane to conduct combustion experiments and to clarify
mixing conditions of the double componential fuels that realize

high output and high thermal efficiency simultaneously.
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Measurement and Increase Factor Analysis of Environment Load
under Road Driving Condition by On-Board Measurement System
(First Report)

- Investigation of the Measurement Method

of Exhaust Gas Flow Rate Using the Map Method -
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For the evaluation of environment load from the vehicle under
road driving condition, on-board measurement system with
possibility to measure emission concentration, engine conditions
and vehicle conditions is necessary. By using the on-board
exhaust gas analyzer, it is possible to measure the volume
emission of exhaust gas with this analyzer. However, it is
important to evaluate the mass emission from vehicles. For the
conversion from the volume emission to the mass emission, the
value of exhaust gas flow rate is necessary. In this study, the
measurement method of exhaust gas flow rate, the Map Method,
was investigated for a gasoline vehicle.

When using the Map Method, at first, a comparison of actual
intake air flow rate with predicted intake air flow rate from engine
speed and intake air pressure is carried out. Next, correction
coefficients of intake air flow rate as a result of the previous
comparison are calculated. Finally, the intake air flow rate is
calculated with the map of the correction coefficients, and exhaust
gas flow rate is simulated additionally using air/fuel ratio.

In this study, a gasoline vehicle with three-way catalyst was set
on chassis dynamometer, and verification experiment of the Map
Method was carried out. As a result of experimenting, it was
clarified that division of the map of correction coefficient of
intake air flow rate into accelerating region, constant speed region
and decelerating region enabled high accuracy measurement of

the exhaust gas flow rate.
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Research and Development of Diesel Engine for Biodiesel
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A research on the acceptability evaluation of the sounds which

Measurement and Increase Factor Analysis of Enviroment Load
under Road Driving Condition by-On-Board Measurement
System(second Report)-Study for Engine Control Conditions
Causing Gasoline Emissions Increase-
warn the approach of electric vehicle
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A research was made into the A/F enriched control,

which causes an increase of emission gas during a driving

FAERHOL 2 N THM b D360 (Mm@ AL E) O
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on the road, by using an on-board exhaust gas analyzer
enabling continuous measurement of CO, HC and NOx,

etc., and reached the following conclusions from the
results of this research:
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(1) We confirmed that, at an upward slope of steep

gradient in the national road No. 1 route and the

metropolitan expressway route, the running resistance

increases with an increase of hill climbing resistance,
25 TH9DEERK #FEL, LD XD BRERRHIE
NEREENRLT VDOV TEREIT- T,

regardless of the traffic flow, and this causes the engine
AR (ZFS I A ENFERR, BRI OEEmEFA LB/ E

control of many test vehicles to shift from stoichiometric
control to enriched control.
BROFER, HEETERE OZAMET, koY ) oz
PUDBFELDBART ARF v A LI EDONLTHIRE DT
DEWZ ERNH LT, LAL, 2TNHOENEEICHG O
Pl 2 @Y D RIS PR AER D 72 WA TE B Em & LT

From this fact, it was found
FTE D0 E D e EIZ 20 TERIS K
LB,

that an upward slope of steep gradient is highly liable to
become a hot spot for an
vehicle.

increase of hazardous
components in the exhaust gas, regardless of the type of
s

(2) On main trunk roads in the area within a radius of 20
T AMNEND D km centering on Kasumigaseki, sections where the road
slope exceeds 2% represented about 10% of the entire
roads researched. From this fact, we thought that a road
slope of 2% exists in a comparatively large number in the
central part of the metropolis, and proposed a method for
evaluating the state of appearance of A/F enriched control
during a driving on the road by conducting a chassis

dynamometer bench test at a road slope of 0% and 2%.
By applying this method to a light car, etc., we confirmed
appears

that there are cases where an A/F enriched control
even under

fairly moderate
conditions at the road slope of 2 %.

acceleration
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Sensitivity analysis of HILS on fuel consumption test for HEVs
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Developing Research on the IPT Hybrid Bus
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New Transportation Systems (Light Rail Transit)
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Research on upgrade of continuous position detection for train

using by GPS
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Study on effective use of road and rail space by traffic simulator
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Study on Analytical Method of Contact Point
between Wheel and Rail
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Possibility of Train Control System for Urban Railway Using by
GPS
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Summary of Lecture on Linear Metro Technology (Safety

evaluation)
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A study on passive and active noise control covers to reduce tire

road noise
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Effectiveness of Wearing Seatbelt for Rear Seat Occupants in Full

Frontal Rigid Barrier Impact Tests
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A Study on Modeling of Driver’s Intentional Acceleration
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Effects of Driver’s Emergency Control Action on Concerned

Level when Assisted Steering is changed to Manual Steering
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A Study on the Effect of Brake Assist Systems (BAS)

TL—%T VA NVAT LAOHRIZET B HF5E

HENVELZ BHEME il b, /0 &R
w2l A mfs ER BP FE

SAE World Congress & Exhibition 2008
CKE)
(PR 20 44 H 14 H~18 H)
Brake Technology, (2008), pp.81-87

BAS assists driver’s by automatically increasing their braking
power during an emergency brake event when the driver is unable
to apply a sufficient brake force. There are two performance
requirements that BAS must fulfill in order to be employed
effectively. One is the ability to activate when the driver
suddenly applies brakes in an emergency while the other is the
ability to provide additional assistance. Further study of BAS
activation timing and degree of assistance in relation to driver
acceptance is needed. The driver’s acceptance of BAS refers to
the BAS activation only during an emergency. A study was
conducted to clarify drivers’ emergency braking characteristics
and measure the frequency of BAS activation during normal

braking.

One aim of the study was to verify driver characteristics during
emergency braking on a test course. The study measured the brake
pedal speed, force, and stroke during emergency braking along
with the driver’s compatibility with BAS activation conditions.
Another task was to evaluate BAS with a driving simulator (DS).
This study measured the frequency of BAS activation during
normal braking by varying the BAS activation timing and degree
of assistance. It also examined what the effects and side effects of

varying these BAS parameters on the driver.

In conclusion this study evaluates how varying BAS activation

timing and its degree of assistance has on the drivers.

March 2009



A E
INA F B DA R RE

Exhaust Emission Performance for Biofuel
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Development of a Velocity-excesses Detection Agent System
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Fuel Economy Test Procedure for Heavy-Duty Vehicles:

Japanese Test Procedures

ESHEREARE  AATOHBRTFIE

ICCT Workshop
Improving the Fuel Economy of Heavy Duty Fleets 11
CKRIED
(FRZ 20 422 7 20 H)

The Fuel Economy Standard for Heavy Duty Vehicles has been
set in Japan for the first time in the world. This standard is
called as “Top Runner Standard”, and the fuel economy test
named the Simulation Method is carried out based on the Top
Runner Standard.

In this presentation, the background and the test procedures for
fuel efficiency test of heavy duty vehicles will be shown. In
addition, the fuel economy test for hybrid heavy duty vehicles is

also introduced.
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Development of Evaluation System of Characteristics of Contact

Point between Wheel and Rail Consideration of Wear
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Real-time Measurements of Phenol with Time of Flight Mass

Spectroscopy
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Applicability of Various EGR Strategies in Multi-cylinder Diesel
Engine (Second Report)
- Effect of GTL Fuel on Emission Characteristics -
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Applicability of Various EGR Strategies in Multi-cylinder Diesel
Engine (First Report)
- Effect Comparison between HPL-EGR and LPL-EGR -

RRHKFERERE &1 Fa, e W &y &5
RAGHRY: AE B BEE S, RE R
BRETWFIERRSL IS KW, geA R— AdF
g HE—

B B L i 2w SR
CFRk 20 423 A)
Vol.39 NO.2, pp.145-150

T 4 —EAEEIC BT, PERAEIREGRIE, WREEHE
B 2K T SERBEEE ORBALIC S22 5729, NOx &
ﬁmzﬁﬁ&mf&é 2009 ENLBBIND KA MR
HIHHNICEA T 2 72H121E, KLY HbLED EGR F AR
M%t&é.ﬁﬁ@mwﬁf,E&mmv:«~wbﬁ@
JEAZEC XV @B EER ¥ — B @i ai O mED EGR H A
R RICIRR T 5 EEL—7 EGR (HPL-EGR) ¥ A5 478
HAWSNER, ZOYARTATIE, EHENNESL REHIKA
FHECBAAHE O ER BRI TIX, 2EOHRZEIRT 5
ZENRNEEE R D.

2 CAMETIE, RAKY OfFHICL Y 28D EGR
X’E'ﬂ/ﬁﬁl%mj‘é;}:ﬁiﬁfﬁbkiﬁv), S HIZRKRFE D
EGR DX 52 X M| S AVBRBEE BN )T 5 a3 & MME
NEWE SNHIEEL—T EGR LPL-EGR) AT 4% %
AT 4 —BABIE A LT, A TiX, % EGR X0
FEEBMIL L) 2T, TR VMR - R A
BEIZ B2 DEBIZ O W T TO L S ICH LT LT
- LPL-EGR %# fi\2 % &, HPL-EGR T bt~ TR EE AME
T L, NOx & Soot DRI LD KEWv., =71, ¥—
B amiE T AHEN X RN 5 2 & THERE A
HLU, R vy 7a 208N R W ERARRICE N T
RE O EZRL.

- BMEP 600 kPa U Lo AR T, M EGR Fzkwn

T, FFRIESOHEINC L 2R B 7 a Z0ENNEL R,

LPL-EGR IZHBW T HERE DAL Z T2 NOx & Soot D
BN ATREL 72 5.

Report of NTSEL No.14 — 98 —

March 2009



Al T

BEECEHIREMRER LR DOE A

Trend in Technologies for Environmentally Friendly Vehicles
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Aging Change of Visual Information When Driving
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Promotion of Development and Practical Application of
CNG/LNG HD Vehicles
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Composition Analysis of Fine Particles from Diesel Vehicles
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Research and Development of the LPG Engine with Liquid Fuel
Injection System Based on the Gasoline Engine (First Report) -

Evaluation of Power, Fuel Consumption and Exhaust Emissions -
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Research and Development of the LPG Engine with Liquid Fuel
Injection System Based on the Gasoline Engine (Second Report) —
Optimization of an LPG Fuel Supply System -
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Estimation of Practicability of DME Engine System

-Abnormal Combustion in Restarting-
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An outline of the EFV21 project and its execution framework
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Molecular Selective and Real-time Analysis of Phenol in the
Exhaust Gas using Resonance Enhanced Multi-photon Ionization
Technique and Impact Assessment on the Atmospheric

Environment
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Research on Measurement Method of Road Inclination and

Altitude by On-Road Driving
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NOx Emission from Multi-cylinder Hydrogen ICE
with NSR Catalyst
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Evaluation of PMP Number Counting Method Applying for HD

Diesel Engine-

PMP M FHEHAEDORBEERT 1 —EL I VO UADHEIS

BRGIOTIERR Um . kAR M

12th ETH-Conference on Combustion Generated Nanoparticles
(RA R)
(FRE 20 426 3 23 H)

The repeatabilities of PM measurements using the filter weighing
method and the PMP-recommended number counting method
with a full flow dilution system and a partial flow dilution system
were evaluated. A DPF-equipped heavy duty diesel engine was
used as the test engine, and the test modes were WHTC cold,
WHTC hot, WHSC, ETC, ESC, and JEOS.

The filter weighing method with a partial flow exhibited the best
repeatability compared with that of full flow because of the lower
dilution ratio. The other 3 measurements exhibited almost the
same repeatability. However, using the number counting method,
the results with full and partial flows were well correlated,
suggesting that the fluctuation observed in the number counting
method is due to a fluctuation in the exhaust PM emission, and
not due to the measurement error. A better preconditioning
procedure is required for the number counting method to improve
the repeatability because its sensitivity is higher than that of the
filter weighing method.

In the optimization tests, in which the WHTC cold mode was
followed by 3 repetitions of the WHTC hot mode, a gradual
reduction in the PM emission was observed with each repetition
of the WHTC hot mode. This was caused not only by a change in
the DPF filtering efficiency as soot loaded into the DPF, but also
by fluctuations in the engine and/or the dilutor conditions. This
was observed only with the number counting method, and not
with the filter weighing method. For preconditioning, in the case
of the number counting method, the WHTC cycle should be

repeated at least 3 times to avoid fluctuations.
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Development and Dissemination of the IPT Hybrid Bus
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Regulated and Unregulated Emission Components

Characteristics of Urea SCR Vehicles
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Consideration of Evaluation for Fuel Consumption

under Using Air Conditioner
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Time-Resolved Measurements of Aromatic Hydrocarbon in
Exhaust Gas Using Resonance Enhanced Multi-Photo Ionization
Method-
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It is pointed out that VOC and PAH in minute quantities in
exhaust gas cause harmful effects on human body. However, the
subject of pollutant release from running cars has been under
investigation. Accordingly, time-resolved measurements of
aromatic hydrocarbon in exhaust gas from automobiles in driving
modes have been performed by the analyzer based on resonance
enhanced multi-photon ionization method. Benzene and some
kind of species were measured before and after a catalyst
treatment in the diesel cars. At the same time total hydrocarbon
was detected by FID through a CVS instrument, which is the
normal method for real time measurement of hydrocarbon without
distinction of hydrocarbon species in exhaust gas. The changes in
concentration of benzene corresponding to the changes in the
driving mode were successfully measured every 1 second. As
results, the maximum concentration of benzene detected after the
catalyst treatment was approximately 2 ppm in the idling
condition and benzene was exhausted mainly in this condition.
Adopting a flow rate of CVS instrument and a dilution ratio, the
amount of benzene in exhaust gas from the test vehicle at JEOS
mode is approximately 0.9 g/km. Compared a real-time benzene
signal with a total hydrocarbon signal detected by FID, the
tendency of benzene suits mostly that of total hydrocarbon.
However, when the drastic acceleration condition is set at a latter
half of JEOS5 mode, it differs from that of total hydrocarbon. In this

paper the mechanism of such difference is also discussed.
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A research on the release method of hydrogen gas by
PRD activation in the case of FCV fire
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