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Prior to preparation of this chapter, I asked Prof. Tets
Aizawa, the committee chairman, to provide me with
feedback from the readers on the preceding chapters. I
sincerely appreciate those who took time to write their
comments. All comments were very constructive and
very interesting, and I am going to try to take those

comments into account for my future essays.

During my professional career in 1980-1990s at
Southwest Research Institute (SwRI) in San Antonio,
Texas, I was involved in the engine technology
consulting service. This service delivered two subject
reports on SWRI’s study results each year mostly based
on laboratory testing results. We visited our clients to
report and discuss those study results. In the process
of selecting the consulting subjects, we often had a
brainstorm session including both professional and
management staff members. Regardless of their
background, i.e., work title, education, or professional
experience, everyone in the meeting room was
encouraged to speak up and share their ideas with the
others on the consulting subjects. Brainstorming is a
session to produce an idea or way of solving a problem
by holding a spontaneous group discussion. The
purpose was only to share ideas and make a list of the
candidate topics for further discussion. Therefore, we
did not rank each idea or making any final decisions at

the brainstorm session.

At a later date, the project members of the consulting
service held a meeting to discuss each idea that we
listed in the brainstorm session. After thorough
discussion, we picked a few ideas and discussed which
would be most interesting to our clients and which has
the most value for the consulting service. The idea we

chose had to be technically attractive to engine research

and relevant for the project considering the constraints

~9~



of both cost and time. The project manager then
assigned professionals and technicians to the planned
tasks and scheduled both time and funds to deliver the

results.

One of the consulting subjects that I thought was
interesting was conceived out of curiosity during a
discussion about combustion knock. We discussed how
to prevent combustion knock, but expanded our
discussion into the feasibility of using the combustion
knock phenomenon to operate an engine. This was
beginning of further discussion into combustion of self-
ignited homogeneous mixtures. We were then curious
about exhaust emissions of such combustion and
thought that, if the ratio of fuel and air was set at lean,
both nitrogen oxides (NOx) and smoke should be
However, we questioned

reduced simultaneously.

ourselves about how to create a combustion
environment suitable for promoting self-ignition of
homogeneous mixture and how to control the
combustion rate so that the engine would produce
desired power. If this combustion system would be
feasible, we thought that there would be a significant
benefit of complete elimination of the aftertreatment
devices if not at least reducing the size and cost of

exhaust aftertreatment.

In the preliminary study, someone found the paper
published at the Society of Automotive Engineers (SAE)
by S. Ohnishi et al.! The paper reported an unusual
combustion phenomenon that occurred in a loop-
scavenged two-stroke engine and how to actively
produce such combustion for operating a two-stroke
engine

engine. The loop-scavenged two-stroke

contains inherently high residual gas in the cylinder

1 S. Ohnishi et al, "Active Thermo-Atmosphere
Combustion (ATAC) - A New Combustion Process for
Internal Combustion Engines," SAE Paper 790501, 1979.

because of its unique scavenging process. With the
specific scavenging process that Ohnishi et al.
developed, the engine apparently ran smoothly and
quietly. Once this unusual combustion occurred, the
engine could not be stopped even though the ignition
system was turned off, and a special provision to stop
the engine was necessary. Evidently, the homogeneous
mixture was self-igniting. For the engine technology
consulting service, we characterized the self-ignited
homogeneous mixture of both gasoline and diesel fuels
in a single-cylinder laboratory engine. We named this
combustion system “Homogeneous Charge Compression
Ignition” (HCCI). We operated the engine with the
control parameters of equivalence ratio, exhaust gas
recirculation rate (EGR), and intake charge
temperature and generated a map of HCCI operating
range to understand the feasibility of operating the
engine with the HCCI combustion for automotive

application.

EQUIVALENCE RATIO

- %
D prr 70

PERCENT EXHAUST GAS RECIRCULATION

ok

HCCI Operation Map on Diesel Fuel at 1,500 rpm
with Intake Air Temperature of 370 deg. F
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A management colleague and I visited our clients in
Japan to present the HCCI research results. Most
audiences either indicated no interest or expressed their
pessimistic view of our research. Only a few audiences
understood the objective of the HCCI research. One
client mentioned that they had used this kind of
combustion system in the past for a power generation
unit and that the system did not work well because
combustion control was difficult. Iwas then asked why
we delivered such useless research results. I was
stunned by the comment but I explained that we
thought mapping the HCCI operation region would be a
good start for understanding the potential of this

combustion system to be considered for an ultimately

clean and low-cost engine.

We presented the HCCI research work to our clients in
1987, a time when the diesel engine manufactures were
busy developing technologies to meet the stringent
emissions standards scheduled for 1991 by the United
State (U.S.) Environmental Protection Agency (EPA).
Our clients were instead expecting us to present
technologies that would immediately help them
designing low-emissions diesel engines. This might be
the reason why some audiences were not interested in
our research on the HCCI system; the subject was too
far from application to the production engines at that
time. However, years later, the research related to

premix compression ignition combustion system or the

HCCI system have widely become active at various

2 P.M. Najit and D.E. Foster, "Compression-Ignited
Homogeneous Charge Combustion", SAE 830264, 1983.
3 T. Aoyama et al., “An experimental study on premixed
charge compression ignition gasoline engine,” May 1995,
JSAE Paper No. 9534702.

4 M. Furutani et al, “An Ultra-Lean Premixed
Compression-Ignition Engine Concept and Its
Characteristics,” The 4th International Symposium
COMODIA 98, 1998.

5 J. Willand et al., “The Knocking Syndrome — Its
Cure and Its Potential,” SAE Paper 982483, 1998.

sites2:3:4.5 according to results presented at technical
conferences. It is gratifying to learn that HCCI study

has continued at various places.

We picked the HCCI research subject neither through
literature study, nor were we influenced by the idea
proposed by a distinguished scholar, a reputable
academic institution, someone who has been well known
in the field, or the U.S. government. We simply came
up with the idea about combustion knock out of curiosity
just as a person without science and engineering
background could come up with an idea to improve a
commercial product of any kind. Curiosity can
stimulate conversation and discussion among people on
any subject, and it often becomes the foundation of
creativity. Literature study is important to determine

established facts; however, it is not always the first

thing to do if we want to be creative.

Japanese industries and government appear to take
approaches much like what was common in Japan when
they opened the country to the world in the late 19th
century. The first thing that most Japanese tend to do
is to study a subject in literature and only then target
places and people to ask questions that came up in the
literature study. They tend to place higher value on
the ideas from the west rather than their own ideas
despite many innovative ideas having been invented by
Japanese in various fields of science, technology,
business, etc. Such innovations include nail-less wood
building construction techniques, rust-free steel swards,
pocket calculators, the high-speed rail system
(Shinkansen), cellular phones and their network,

electronically controlled automotive engines, and more.

I met with many visiting Japanese engineers and

scientists at SwWRI. The purpose of their visits was

~11 ~



mostly to acquire information about engine and energy-
related technologies in the U.S. 1 was often asked, for
example, about how we, SwRI, thought about the future
of automotive engines and how the U.S. industries
viewed the future technologies. Although some
visitors shared their opinions with us about how they
compared our views with those of our competitors such
as Ricardo and AVL, they shared very few opinions of
their own ideas and thoughts. Perhaps, limited
understanding of the language and cultural differences

in communication prevented them from developing

more fruitful discussion with us.

Just about every new technology is now developed for
global application and available to people worldwide.
Being able to understand the differences in needs and
preferences may be as important in determining which
direction the future technology is heading. Finding
answers to the questions about which technology should
be developed requires understanding of people globally
through multiple communication means including

conversation, discussion and debate. Undeniably

English has become the world language to communicate
globally; therefore, learning English is almost a
necessity if innovative technology is to be developed for

global application.

breakthroughs and
Efforts to find

Curiosity leads to creative
encourages people to raise questions.
the answers then follow. The answers may be sought
through communication with people in different
cultural backgrounds in addition to people in the same
culture. People who have curiosity also should be
treated with respect regardless of their background, i.e.,
seniority, education, professional experience, work titles,
or social class. Creating a positive environment for
people to be curious without being intimidated
encourages people to speak up and potentially advance
their thinking forward. I believe the more people are
allowed and encouraged to become curious about
improving technologies, the better their chances of
fostering creativity and innovative ideas. Curiosity
and creativity are valuable elements in our work to

improve future technologies; our lives will then improve.
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