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Case-04 37 90 100 50 60 200 Cooling 0
Case-05 37 90 100 60 200 200 Cooling 0
Case-06 3.7 90 100 50 60 225 Cooling 0
Case-07 3.7 90 100 50 60 250 Cooling 0
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Fig. 4 Infrared radiation heating technique for thermal
shock of ceramics.
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Fig. 9 Cracks on the ceramic surface of the alumina/
nickel FGM disk.
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If you plan for a year, plant rice
If you plan for ten years, plant trees.

If you plan for a century, educate your children.
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My Lifework in Microgravity Research
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Yasuhiro KAMOTANI (Case Western Reserve University)

e-mail: yxk@case.edu

http://mael.cwru.edu/mae/Pages/Faculty Staff/Faculty/Kamotani/Kamotani.htm

1. Introduction

Professor Koyama of Kyushu University asked
me to write an article for the International Letter
section of Dennetsu. I was told I can write on any
subject. Since I have been working mainly in the area
of microgravity research for a long time, I thought I
can write about my research related to microgravity.
First about myself and our school: I teach at Case
Western Reserve University (CWRU for short) in
Cleveland, Ohio. This long name is a result of merger
in 1967 between the neighboring Case Institute of
Technology (founded in 1880) and the Western
Reserve College (founded in 1882). It is a private
university near the shores of Lake Erie (one of the
Great Lakes) with student enrollment of about 9,600,
of which 3,600 are undergraduate students (Fig. 1). It
is a research-oriented university. The famous
Michelson-Morley experiment, which measured the
speed of light, was conducted at our school in 1887.
We are fortunate to have the world-renowned
Cleveland Orchestra Concert Hall and the Cleveland

Museum of Art practically on campus.

all}

Fig. 1 Kelvin Smith Library of CWRU
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2. Early Days

I came to the Case Institute of Technology
(before the merger) in 1966 as a graduate student. |
worked for Toshiba in Japan before I came here. At
that time Japan was still developing technologically
and the US was well advanced. So as a young
engineer | wanted to get trained at a US university and
be exposed to new technologies. At that time, the US
industries, such as the auto and steel industry, were
doing very well. Since it was next to Detroit,
Cleveland was closely tied to the auto and steel
industries, so I could feel the sense of pride by talking
to people working in those industries. They knew very
little about Japan in those days in Cleveland. Most
important to me was that at that time NASA was in the
middle of the Apollo project, which aimed at sending
humans to the moon. NASA Lewis Research Center
(now Glenn Research Center) is located in Cleveland
and our department has a close tie with the center.
NASA Lewis was known for its aeronautics work at
that time rather than aerospace work. So, this
association gave our department ample research grants
related to aeronautics. My Ph.D. work was concerned
with the mixing of hot combustor gas with wall
injected cool air jets, which was an aeronautics subject
and supported by NASA. Even now I still remember
my excitement as a graduate student when finally the
Apollo-11 spacecraft landed on the moon in July 1969.

I wanted to work some day in a space related area.
3. Post Doc Days
After graduating from CWRU in 1971 I stayed as

a postdoctorate to continue the work I did for my Ph.D.

thesis. I went to NASA Lewis often, so I continued to
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NASA’s

aeronautics projects. The Skylab space station was

get information about aerospace and
launched in 1973. Now scientists had opportunities to
perform scientific experiments under an extended
period of microgravity. Although the scientific
experiments performed aboard the Skylab were rather
crude, they showed us a different and exciting
environment to perform experiments and eventually
do manufacturing. Professor Simon Ostrach in our
department was involved in the Skylab experiments,
so he showed us interesting videos of the Skylab
experiments. After some time I was offered the chance
to work at NASA Goddard Space Flight Center in
Greenbelt, Maryland. I worked on heat pipes for
spacecraft temperature control. So this was my first
chance to work in space related areas and conduct
independent research work. At NASA Goddard I

learned various aspects of space activities.

4. Active Research Period

The job at NASA Goddard was a temporary one,
so I was looking for an opportunity to continue my
space related research. When 1 called Professor
Ostrach, he said he was looking for someone to do just
that, so I came back to CWRU in 1976, this time as a
faculty member. Teaching undergraduate students for
the first time in this country is a challenging job but
that is another story. Professor Ostrach is well-known
for his work in natural convection. I did some work
with him on this subject. We investigated natural
convection in enclosures driven by temperature and/or
concentration gradients. We investigated thermal
instabilities in boundary layer flows. They are not
related to space projects.

Natural convection is very much suppressed in
space. Therefore, a process that is affected by
buoyancy in normal gravity would perform very
differently in microgravity. One such process is
materials processing. A substantial reduction of
buoyancy was considered to be beneficial for
manufacturing high quality crystals for various
high-tech applications. For this reason, materials

processing in space was an important activity since the

I=#
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early days of space flight. However, in order to fully
utilize this new environment, we have to understand
the mass and heat transfer phenomena in the process.
That was the reason Professor Ostrach and I got
involved in the NASA microgravity activities.

Even though we can suppress natural convection
in space, other types of convection become important.
One such convection is Marangoni convection.
Marangoni convection is driven by temperature and/or
concentration gradients along a liquid interface.
the of

containerless processing of materials, such as a zone

Marangoni convection exists in case
melting technique called float-zone process. More

generally, Marangoni convection could become
important in microgravity in many systems with free
surfaces involving heat and mass transfer. Thus, the
study of Marangoni convection in space became our
main research area. We did drop tower tests at NASA
but we felt we needed a much longer duration of
microgravity to investigate Marangoni convection.

The first Space Shuttle, Columbia, was launched
in 1981 and opened a new era for microgravity
research. Around that time we proposed to NASA a
relatively simple experiment on Marangoni convection
aboard a Space Shuttle and NASA was receptive to the
idea. However, after the Conceptual Design Review in
1983, since it was quite expensive to conduct an even
simple experiment in space, we were told to expand
the scope of the experiment and also to make it more
quantitative. We had no objection and in fact we were
glad to have a chance to conduct a better experiment.
But this delayed our project. Then NASA had the
Challenger accident in 1986, which stopped the
Shuttle activities until the return to space flight of
Discovery in 1988. In the meantime we developed our
experiment. In the experiment, silicone oil was placed
in an open circular container and heated by a
cylindrical heater at the center or a CO, laser beam to
generate Marangoni convection. The velocity and
temperature fields were to be measured in details.
Finally, we had a Preliminary Requirements Review in
1988.

We wanted to perform our space experiments just

like we did in our lab. After all we send astronauts into
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space to perform experiments. Because of the
interactive nature of our experiment, NASA thought it
was a good opportunity to try this type of operation in
space. For this we must wait for a Spacelab mission,
which is basically an orbiting laboratory aboard the
Shuttle to conduct scientific experiments. Because of
this opportunity of an interactive experiment our
experiment became extensive and complex. At one
time more than fifty NASA engineers were involved
full-time in our project. We spent endless hours of
design changes and discussions.

We had to go through a series of reviews before
we were allowed to fly. The reviewers were
knowledgeable and really tough, so we had to prepare
very well for each review. I still remember those tough
reviews more than the experiment itself. After all,
NASA spent about 35 million dollars on our
likely the

single-investigator space experiment at NASA), so

experiment (most most expensive,
they had to be tough on us and they were. We passed
the final review in 1989.

Our experiment was conducted in the USML-1
(US Microgravity Lab -1) Spacelab aboard Columbia
in 1990. Our experiment performed almost perfectly,
thanks to the tremendous efforts by the NASA
engineers and astronauts. During the tests we got
frustrated at times because we could not make them
truly interactive due to various NASA protocols. From
the experiment we learned about steady Marangoni
convection in large scale containers, which could not
be done in normal gravity. The velocity and
temperature results agreed well with our numerical
simulation results [1, 2]. Based on the ground-based
work by us and by others, we knew that the flow
became time oscillatory under certain conditions but
the cause of the instability was not fully understood.
Since the flow did not become oscillatory in this
experiment, we planned the second experiment.

We thought things would become easier in the
second experiment, but we were wrong. We had to
start almost from a scratch and had to go through the
tough reviews again. But since we knew the space
environment better by this time, the NASA engineers

felt much better about modifying the design of the first
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experiment. We performed our experiment in 1995 in
the USML-2 Spacelab.
objective was to study flow instabilities, so we had to

In this experiment our

perform a careful experiment in our lab. Therefore,
this time our experiment was very interactive. The
astronauts spent about 80 hours just to perform our
experiment, almost eight hours every day for the
duration of the flight! As a result, we performed the
experiment as if we were conducting it in the next
room. Because of this we were able to obtain valuable
information on the Marangoni convection instability
(3, 4].

Looking back that was the time when NASA was
interested in large science experiments in space. After
that time, the thinking at NASA has changed. More
and more microgravity experiments were selected by
NASA in many areas. NASA decided to perform more
experiments rather spending big money on a fewer
experiments. After the second flight NASA gave the
flight hardware to us. So now this hardware for the
very expensive experiments (a total of fifty million
dollars were spent on our two experiments) sits in our
lab (see Fig. 2). Eventually it will go to a museum. |
started working on our Marangoni convection
experiment design around 1978 and we finished our
data analysis from the second flight around 1998. So 1
spent almost twenty years of my productive years on
the experiments. The space hardware in my lab
reminds me of those days almost everyday. A sad note
is that our two experiments were performed aboard the
Columbia Space Shuttle but it is gone now.

Fig. 2 Flight hardware for microgravity experiment

on Marangoni convection
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5. Involvement in Japanese Space Activities

The construction of the International Space
Station (ISS) began in 1998. The ISS is the most
complex international scientific project in history,
As the

construction proceeded, they started looking for

involvingl6 nations including Japan.
experiments to be performed aboard the ISS. I was
approached by NASDA (now JAXA) around 1997 to
become involved in their Marangoni convection
research project. Recognizing the fact that NASA’s
microgravity research depended mainly on the
principal investigators’ interests, NASDA decided to
choose the subjects first and then assemble expert
investigators to study them from various angles in
preparation for the coming ISS era. One subject
chosen was Marangoni convection. NASDA wanted to
perform a comprehensive study of the oscillation
phenomenon in Marangoni convection covering a
wide range of Prandtl number. Since I felt that there
were some unanswered questions on the subject even
after our Spacelab experiments, I agreed to join the
NASDA research group. This approach of assembling
experts to focus on a given subject was effective, and
much was accomplished by the group before NASDA
reorganized as JAXA in 2003. We now know more
about oscillatory Marangoni convection than when we
did our space experiments.

Before this reorganization we submitted a
proposal, based on this group work, to conduct
Marangoni convection experiments aboard the ISS
responding to the Microgravity Science Research
International Announcement of Opportunity in 2000.
The proposal was selected as a preliminary theme for
ISS utilization in 2002, so the group’s focus now is to
perform the experiment in the near future. So for me,
it is back to space again. I am fortunate enough to
perform experiments on both the Shuttle and the ISS.
The Module “KIBO” is
scheduled to be ready around 2008. If everything goes

Japanese Experiment

well, our experiment is to be conducted sometime in

2009-2010. This makes microgravity research truly

my life work.
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6. NASA’s Human Space Exploration

The main activities of NASA are now directed
towards human space exploration. The US is planning
to send humans again to the moon and later to Mars.
Due to the budget constraint at NASA, basic scientific
experiments aboard the ISS were very much curtailed.
This is the beginning of a new era for space activities
in the US. However, this environment is different from
the environment in which I worked for many years.
This is not a good time for academic people like us to
become involved in NASA activities. We need to build
our knowledge-base concerning reduced gravity
(microgravity, moon and Mars gravities) in order to
develop efficient technologies for future space
activities. We are hoping that NASA will eventually
come back to support more basic scientific research.

At present we are just waiting to see how it evolves.
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3. Leonardo Gallery
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“Leonardo Gallery” DFEAHIZ DV TILIEMER HP 7>
HEIHLL Y.

One of the main attractions of this great Museum is its
display of over one hundred models illustrating the
work of Leonardo, foremost engineer and technologist
of his era. The models depicting Leonardo's designs
are of educational value first and foremost, since they
allow the non-specialist public, particularly
schoolchildren, to appreciate an interpretation of
drawings which in themselves are not always easy to
comprehend. Most of the models were constructed for
the exhibition of 1952 organised by the National
Committee honouring Leonardo in the fifth centenary
of his birth (1452). Every Sunday starting from June
18 till Sept. 10 an english speaking guide will be
available at the entrance of the Science Museum for
free guided tours of the Museum, particularly of the
Leonardo section.
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AR IR L & FF T 2. £ @ Leonardo
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Device for measuring water turning to steam

The instrument devised by Leonardo was used
for carrying out experiments and measuring the
expansion and pressure of steam. The device
consists of a container filled with cold water. The
container has a lid with a weight attached to it.
When the fire is lighted, the water is heated and it

gradually increases in volume. The weight
outside tends to fall, thus measuring the pressure
exerted by steam against the lid of the container.
The whole experiment could be watched through
a membrane stretched tightly over the lid of the
container.
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