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1. GOALS AND OBJECTIVES OF CER

The goals and objectives of the Center for Energy Research can be
summarized by the following mission statement:

The purpose of the UCSD Center for Energy Research (CER) is to
advance interdisciplinary programs of research and teaching broadly
related to energy, providing graduate students, post-doctoral
researchers, professional research staff and faculty with added research
opportunities, facilities and assistance that would be unavailable to them
without CER. CER serves important research, educational and public
service functions that are not adequately met by the existing
departments and other organized research units at UCSD, none of which
focus specifically on energy. The need to address energy problems
arises from factors which include: (i) the key role of energy usage in the

“functioning and growth of industrial society and developing nations, (ii)
the finite supply of fossil-fuel resources and related issues of national
security, (iii) the environmental side effects of energy production and use
(air, water and thermal pollution), (iv) issues associated with energy
production by nuclear fission, (v) the long-term promise of nuclear fusion
as a plentiful source of clean energy, (vi) the central role of combustion
in present-day energy production, and future beneficial uses of
combustion (removal of toxic and hazardous materials from the
environment, improvement of urban and wildland fire and explosion
safety, enhancement of performance and reliability of terrestrial and
space propulsion systems, production and improvement of new
materials), (vii) the danger that planning in the energy area, which has a
controlling effect of many other areas of planning, will be ruled by
considerations which are too narrow or biased to reflect the public
interest. The goals of CER are to promote interactions and solve
fundamental problems in these areas, deriving from the interrelated
physical, chemical, biological, engineering, economic, political and social
consequences of our need for energy.

Humankind requires ever increasing acceptable sources of energy to
experience a fulfilling quality of life. Energy availability plays an essential role in
the overall well-being and security of the world and each of its nations. As world
population and energy consumption (particularly in less-developed nations)
continue to grow and concerns about global environmental impacts increase,

there is a vital need for long-term, available and reliable energy supply options



with attractive environmental features. Reliable energy supply is also a key issue
on regional and local bases, as witnessed by the California energy crisis of 2000-
2001. CER was created to foster research and educational activities devoted to
critical energy needs. It provides an academic research unit for interdisciplinary
interactions among UCSD faculty, research staff and students aimed at
promoting and coordinating energy research and education. It complements
academic departments of instructions and research with an emphasis on bridging
the various disciplines related to energy research on campus and also provides a
vehicle for developing other dimensions of energy research including energy
policy, economics and ecology.

An overall goal of CER is to continue to be internationally respected and
nationally recognized as a center of excellence in energy research as well as
the leading center of energy expertise in Southern California. Current research
areas emphasize plasma and fusion energy sciences, fundamental and applied
combustion science and selected topics in alternative energy technologies and
in energy policy issues. Future expansion is planned especially in these latter
areas.

The specific objectives of CER are to:

* Advance the knowledge needed to develop essential environmentally
friendly and reliable energy alternatives.

* Provide an interdepartmental coordinating function for energy research
groups and projects at UCSD.

* Enhance the prospects of extramural research funding involving

interdepartmental and multi-disciplinary collaborations in energy
research.

* Promote the visibility of energy topics in undergraduate and graduate
programs at UCSD.

* Provide a mechanism for interacting with other institutions invoived in
energy research, with particular attention to potential industrial partners.



« Promote the visibility of energy research at UCSD to potential sponsors
and funding agencies.

2. HISTORY OF THE ENERGY CENTER

The UCSD Energy Center commenced operation informally during the fall of
1972 under the impetus of Professor Sanford S. Penner. Formally designated as
an organized research unit on July 1, 1974, the Energy Center addressed
application foci that varied in response to university needs. This center was
given a new name, the Center for Energy and Combustion Research (CECR), in
1986, to underscore the close link between energy and combustion research.
Professor Forman A. Williams, whose research specialty is combustion,
succeeded S.S. Penner as Director in 1990. On July 1, 2000, the center
combined with the Fusion Energy Research Program and the Virtual Laboratory
for Technology at UCSD and again changed its name, to the present name, the
Center for Energy Research (CER), deemed appropriate because of the
relationship of both combustion and fusion to energy. it was logical to combine
these different energy-related activities on campus into a single center, forming a
basis for expanding thrust directions in energy. '

Since its origins, the center has focused on basic problems in finding new
sources of energy and the social, environmental, economic and political
consequences of energy consumption as well as scientific and technological
aspects of improvement in energy availability, conservation and environmental
friendliness, more recently through combustion and fusion. Studies range from
investigations into the fundamental nature of energy, combustion and fusion to
practical applications in energy conservation and production, as well as pollution
control. Today, under the direction of Professor Williams, CER exists to further
basic scientific understanding and wide-ranging applications of energy resources,
including both fossil and non-fossil fuels. There are investigations related to the
containment of fusion processes in nuclear energy and to reduction of emissions

of greenhouse gases in combustion processes.
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In the combustion area, studies are in progress concerning minimization of
emissions of soot and oxides of nitrogen from flames of both gaseous and liquid
fuels, including sprays related to the types used in Diesel and gas-turbine
engines, as well as gaseous fuels related to those used in systems employing
natural gas. Advanced in-situ diagnostics are under development to assist in the
study of combustion physics and reduction of emissions. There are also
investigations of the stability of combustion in various types of combustion
chambers and use of detonation for propulsion applications, for example,
applying the strong CER expertise in fluid mechanics, reacting flows and
turbulent combustion. In addition, there are fundamental studies in microgravity
combustion science, involving droplet-burning experiments in Spacelab, in the
International Space Station and in other NASA facilities.

In the fusion area, there are extensive and detailed studies of fusion energy
systems, boundary and plasma-material interaction phenomena in magnetic
plasma confinement, and experimental and theoretical investigations of laser-
plasma-materials interactions, essential if inertial confinement of fusion is to
become a practical reality. The Department of Energy (DOE) supports about
$30M of activities in fusion technology and materials, and the United States is in
negotiations to rejoin the International Thermonuclear Experimental Reactor
(ITER) consortium, which currently is reviewing sites for construction of the
reactor. The Virtual Laboratory for Technology (VLT) in CER coordinates these
DOE activities and offers technical advice on the role of the United States in
ITER.

CER exists for bringing together faculty, researchers and students from
across a broad range of disciplines: applied mathematics, physics, chemistry,
oceanography, meteorology and economics, as well as mechanical, aerospace,
electrical, structural and chemical engineering. Experimental, analytical and
computational research methods are used to study physical and chemical
aspects of fusion and combustion phenomena. Collaborative study of problems

using all three of these basic methods is a particular characteristic of the center.

4



At the societal level, during the last five years CER has published in its
newsletter articles on the California energy crisis, on oil prices and the strategic
oil reserves of the United States, and on the country’s fusion program, for
example, and it has arranged local and international conferences in both
combustion and fusion. Outreach activities have extended to spreading
knowledge about fusion and rocket propulsion to high school students and
teachers and to the general public. Interactions with industry included research
relationships with General Atomics and with Solar Turbine and Sunstrand. The
principal sources of support for CER activities have been agencies of the federal
government, namely DOE, NASA, NSF and DOD.

3. ACCOMPLISHMENTS SINCE THE PREVIOUS FIVE-YEAR REPORT

The most recent five-year report was the CECR report covering the period
of July 1, 1989 — June 30, 1995. The name change and addition of the fusion
component occurred on July 1, 2000. For these reasons, the present report
summarizes the energy and combustion-area accomplishments from 1996 to the
present and the fusion-area accomplishments from 2000 to the present. This

same restriction is applied to the publications listed in Section 12.

a. Combustion Research
In combustion research there have been significant accomplishments in
advancing understanding of fundamental combustion phenomena. Details of
these accomplishments appear in the publications in the combustion area, more
than 100 of which are listed in Section 12. This large number of publications
reflects the wide range of accomplishments. The PhD theses, listed in Sections
12, further highlight many of these accomplishments.
We have clarified the structures of a number of different laminar flames
through laboratory measurements, flame-structure computations and theoretical

analyses based on asymptotic methods. These include flames of both gaseous



and liquid fuels, notably hydrogen, methane (the principal component of natural
gas), ethane, acetelyne, methanol and heptane, among other fuels. In comparing
computational and experimental results, differences were encountered that were
traceable to inaccurate selections of rate parameters for certain elementary
reaction steps in the literature. These selections were improved and are now
available to the research and application community through our web site. Our
detailed combustion mechanism, increasingly referred to as San Diego Mech, is
more successful in predicting flame structures than many other available
mechanisms, a number of which are much larger and more difficult to implement.
The development and dissemination of San Diego Mech is a major
accomplishment during the past five years.

A novel approach to aerospace propulsion is to employ repeated
detonations to produce thrust on a vehicle in flight. This concept for design of an
engine, called a pulse-detonation engine, has not resulted in a practical engine
because of insufficient knowledge of how best to inject and distribute fuel
cyclically in a controlled manner, ignite it, form a detonation, exhaust the
products and ingest air in high-speed flight. CER headed a Navy-sponsored
Multidisciplinary University Rese‘arch Initiative (MURI) to address these
problems. As a result of the research performed in this MURI, which was
recently completed, the basis now exists for efficient design of pulse-detonation
engines. The Air Force plans to run fiight tests of such an engine in the California
desert soon.

Combustion research in CER developed information that can be used in
relation to mitigation of air pollution in a number of ways. Mechanisms of
production of oxides of nitrogen in flames were determined, providing knowledge
needed to address measures for reduction of emissions. Knowledge of
mechanisms for destruction of toxic materials also was advanced. Under the
terms of the Montreal protocol brominated fluorocarbons such as CF,Br, which
are useful fire suppressants, can no longer be produced because of their

detrimental role in destruction of stratospheric ozone. Research in CER revealed
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the chemical inhibition mechanism of CF,Br and helped to identify possible useful
replacements for these fire suppressants that could become comparably effective
without producing atmospheric degradation.

A mission of NASA is to investigate benefits of human exploration and
development of space. There was CER participation in studies of how best to do
this and of the difficulties that may be involved. Improved knowledge of
combustion of fuel droplets and sprays, applicable to combustion advancements
both in space and on earth, may be obtained from gravity-free experiments on
droplet combustion performed by astronauts in space. Such experiments were
designed by CER and run in a laboratory on the Space Shuttle. The results of
the experiments were analyzed at CER and employed in designing new

experiments, planned to be performed in the International Space Station.

b. Fusion Research

In fusion research in CER at UCSD there have been major accomplishment
in plasma-material interactions, experimental plasma confinement research,
plasma theory, advanced energy systems analysis and inertial fusion
energy/laser interactions research. Please also see the publications in Section
12. In addition, the CER conducts collaborative research at several magnetic-
confinement fusion devices, including the DIII-D National Fusion Facility (Dill-D),
located at General Atomics in La Jolla, California and the National Spherical
Tokamak Experiment (NSTX), located at the Princeton Plasma Physics
Laboratory in Princeton, New Jersey. These collaborations address critical
issues for the next generation of fusion experiments related to the transport of
particles, energy and radiation across the plasma to the walls of the device.

A major CER thrust is the well-known PISCES Research Program, which is
focused on understanding the physics of the interaction between fusion plasmas
and the materials at the plasma boundary or wall. PISCES has become a
standard acronym for what originally was termed the Plasma Interaction Surface

Component Experimental Station. The PISCES research consists of both basic



scientific research on the nature of the boundary plasma and its interaction with
materials and applied science research aimed at developing the understanding of
plasma behavior and surface materials responses that is needed to support
present-day and future fusion experiments. The PISCES facilities enable wind-
tunnel-like simulation experiments be performed to examine materials of interest
for future fusion experiments. For example, large-scale fusion experiments such
as the proposed ITER facility make use of PISCES simulation data to validate
key design elements including the choice of surface materials. There are two
PISCES facilities, the larger and newer of which is unique in its ability to handle
beryllium materials safely, enabling us to study plasma interactions with
beryllium, carbon and tungsten materials that are under consideration for use in
ITER.

Experiments in PISCES facilities in collaboration with US and European
laboratories recently investigated the influence of beryllium impurities on
deuterium plasma erosion of graphite material. These experiments are designed
to reduce uncertainties in the prediction of tritium retention in redeposited mixed-
materials expected in future burning plasma devices. The results will be helpful
in future designs.

Experiments in PISCES also measured an increased erosion rate of both
solid and liquid surfaces, exceeding that predicted by a summation of the
physical sputtering rate and the thermodynamic sublimation/evaporation rate. A
model based on the creation of surface adatoms by energetic projectile
bombardment and subsequent adatom sublimation was developed to explain the
enhanced erosion. Molecular-dynamics simulations of beryliium confirm that the
experimentally measured evaporation energy is consistent with the binding
energy of adatoms, supporting the new model.

The deuterium recycling properties of liquid lithium surfaces exposed to
energetiq, high-flux plasma bombardment also were investigated in the PISCES
facilities. Low recycling of the incident ion flux in a confinement device leads to a

“reduction in energy lost in the edge plasma to ionization and excitation of the
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recycling neutrals; therefore an increase in edge-plasma temperature is
expected. Lithium’s low hydrogen recycling properties were demonstrated
experimentally over a range of liquid temperature and incident plasma
parameters, thereby increasing our understanding of potential future beneficial
roles of lithium in magnetic plasma confinement devices.

In the collaboration between UCSD and NSTX, a fast-scanning probe was
developed and put into operation between 2000 and 2002. The probe has twelve
tips to measure a variety of plasma properties, including temperature, density
and various electric fields and their fluctuations. It was installed and
commissioned in the spherical tokamak at NSTX in 2002, and its first
measurements were obtained that summer. The probe is helping to clarify the
physics of the plasma edge, especially the scrape-off layer where higher-density
impurities are removed, which critically influences tokamak operation.

In the DIII-D collaboration, CER scientists developed a method to reduce
damage to plasma-facing surfaces during a disruption, an event in which large
amounts of thermal energy stored in the plasma and the magnetic field are
quickly converted into high power fluxes that generate large and destructive
mechanical forces. This novel technique involves detecting signs of the
beginning of a disruption and rapidly injecting a massive gas jet to mitigate
substantially the high heat fluxes and mechanical forces. It holds promise for
controlling a critical issue of next-generation fusion experiments.

After plasma pressure and current gradients increase to the limit imposed
by magnetohydrodynamic instabilities, a steady state is established through
cyclic relaxations of the edge plasma profiles, called edge localization modes
(ELMs), which expel up to ten percent of the plasma thermal energy on very fast
time scales and can erode plasma-facing surfaces. A single ELM is predicted to
destroy the surface of a fusion device that produces net power. In the DIll-D
cooperation, chaotic behavior of magnetic field lines was induced experimentally,

significantly reducing ELM effects.



A number of advances in understanding were made concerning turbulence-
related phenomena in plasmas. Although transport by microturbulence removes
energy from the plasma, above a threshold amount of applied heating power the
plasma spontaneously self-organizes into a state with lower turbulence levels,
improving energy confinement through a process, recently explained in CER, in
which turbulence energy is converted into shear flow by turbulent Reynolds
stresses, much like processes that drive organization of planetary fluids into
structures such as the jet stream and ocean currents on Earth and the banding of
the Jovian atmosphere. Although heat conduction along magnetic field lines is
the primary path of energy leaving the plasma periphery, cross-field transport of
energy and particles is not negligible. Long believed to result from collisional
diffusion, this cross-field transport was instead found to occur in intermittent
bursts, and a theory was developed at CER to explain this in terms of coherent
structures (blobs) that separate from the core plasma and propagate outward at
speeds on the order of a kilometer per second. This “blobby” transport was
incorporated into a transport code which then indicated that it plays a dominant
role in tokamak edges and is critically important for the ITER design.

In relationship to inertial fusion, advances were made in development of
optics (mirrars) for high-average-power lasers, in investigation of the behavior of
armor of inertial fusion chambers under intense energy burst of inertial fusion
pellets, in gas-dynamic simulation of inertial fusion chambers after the pellet
explosion and in determining the evolution of cryogenic pellets during their
injection into inertial-fusion chambers. Fundamental research in laser/matter and
laser/plasma interaction also was vigorously pursued and has applications in
other fields, ranging from nano-technology to laser-assisted manufacturing.
Work has begun on a UC Discovery grant to explore development of light
sources for ultraviolet lithography.

There is a fusion-area national team on Advanced Reactor Innovation and
Evaluation Studies (ARIES), which performs extensive systems studies to

identify not just the most effective experiments in the short term, but also the

10



most cost-effective routes to the long-term evolution of the experimental,
scientific and technological program. ARIES is funded by DOE and led by CER,
which is considered the world leader in this area of research. The ARIES studies
typically include a dozen other institutions — other universities, national
laboratories and industry. ARIES studies have had major impact on the direction

of fusion research in the U.S. and worldwide.

¢. Energy Analysis

There were a number of CER accomplishments in energy analysis during
this reporting period. Studies were made of California’s energy history, including
planning, accomplishments and identification of issues that need to be
addressed. Discussion sessions and seminars were organized during and after
the California energy crisis, addressing effects of deregulation and capabilities of
the state. The evolution of world energy usage of different resources was
analyzed, with projections made for the future. Studies of the hydrogen economy
and of the future of the U.S. fusion program were performed. Results were

made available in various publications and public lectures.

d. Information Dissemination and Hosting Meetings

During the reporting period, CER initiated a newsletter that is distributed
electronically and in hard copy to a list of interested recipients. The Appendix to
this report contains a sample of the newsletter. The CER Newsletter is also made
available on the CER website. More detailed scientific and technical information
in the combustion and fusion areas is published in peer-reviewed journals. CER
also arranged meetings in these specialties. For example, Professor Seshadri
hosted a meeting of the Western States Section of the Combustion Institute at
UCSD: Professor Williams, co-chairing with Professor Troe of Germany,
arranged the program of the Twenty-Ninth International Combustion Symposium,
held in Sapporo, Japan; Professor Krasheninnikov hosted a four-day workshop

on Plasma Edge Theory in Fusion Devices at UCSD; and Professor Baker
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hosted the Sixth International Symposium on Fusion Nuclear Technology, held in
San Diego, CA. CER also hosted many seminars at UCSD, in these specialties

as well as on more general topics related to energy as listed in Section 11.

e. Education and Qutreach

There were a variety of education and outreach accomplishments by CER
during this reporting period. Faculty in CER regularly taught MAE undergraduate
and graduate courses related to energy in the Department of Mechanical and
Aerospace Engineering (MAE) as well as courses in the chemical engineering
program (CENG courses). In addition, CER personnel taught special seminar
courses at UCSD, taken mainly by high school students. One of these, in the
combustion area, entitled “Rocket Propulsion”, addressed basic principles of
rocket propulsion at a high-school level. A related activity, in the fusion area, was
the “Summer Plasma Institute”, which is attended by undergraduate students
from several participating institutions and is given each year; this course is
designed to encourage undergraduate students to consider careers in plasma
physics. CER also participated in the STARS program (Summer Training
Academy for Research in the Sciences), which attempts to increase the number
of undergraduate students who go on to doctoral programs in science by
involving them in laboratory experiments early in their studies. The website for
the Virtual Laboratory for Technology has maintained fusion information readily
accessible to the public.

The Center for Energy Research supported K-12 educational outreach
activities with several efforts designed to interest K-12 students in careers in
physics and energy-related fields. One such activity is a yearly outreach program
held in conjunction with the annual meeting of the American Physical Society
(APS) Division of Plasma Physics. High school and middle school teachers from
the area in which the APS meeting is held are invited to participate in a day-long
series of workshops designed especially for them, at which scientists from

participating institutions present topics in plasmas and fusion science, fluid
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instabilities, the electromagnetic spectrum, radioactivity and the nature of matter.
CER scientists are active participants in this activity. At the same APS meeting
there is a Plasma Expo, a two-day presentation of hands-on activities in plasma
science and technology which follows the teachers’ workshops. At Plasma Expo,
CER has two large, interactive displays with various experiments and
demonstrations in which students and teachers can participate. These activities

have met with great enthusiasm by the students and teachers in attendance.

f. International Interactions

Strong international ties are maintained by CER. There are many ongoing
joint research projects with foreign scientists in the combustion and fusion areas.
These include collaborations in both Europe and Asia, notably Germany, France,
Spain and Japan. Foreign visitors are hosted by CER for periods of research
extending from one month to two years, and researchers from CER regularly
spend brief or extended periods abroad furthering the research objectives. Each
August, there is a CER summer seminar series in the combustion area, at which
foreign visitors present their research results. Faculty in CER arrange for
international meetings and present invited lectures abroad. For example,
Professor S.S. Penner gave invited lectures on “Long-Term Energy Supplies for
the World” and on “Fuel Celis for Transportation Vehicles” at Porto Venere

Conferences on Energy, Ecology and Economy in ltaly.

4. SUMMARY OF VALUE OF CER TO UCSD AND RATIONALIZATION
FOR CONTINUATION

The campus benefits from the presence of CER in a number of ways:

« The Center provides a forum for addressing and discussing energy-related
issues which in the future in California are likely to become of critical
concern from time to time, as they have in the past.

« The Center contributes to the visibility of the campus in the energy area at
local and statewide levels.

13



* The Center enhances the national and international reputation of UCSD in
the areas of combustion and fusion research.

* The Center increases the likelihood of winning substantial extramural
funding at UCSD for multidisciplinary energy-related research.

* The Center engages in outreach activities and offers educational
opportunities to undergraduate, graduate and post-doctoral students at
UCSD in energy-related areas.

* Research performed in the Center advances knowledge that is needed for
developing reliable, efficient and environmentally friendly energy
alternatives.

* The Center provides a mechanism for interacting with other institutions,
industrial partners and other departments on campus in energy-related
studies and research.

The facts underpinning the rationale for continuing the Center are the

following:
* The Center is positioned to address pressing energy problems as they
arise in the future.

* The Center brings together different groups on campus having interest in
energy, groups which otherwise would not work together.

* The Center is in a growth mode, with increasing funding and personnel.

* The mission of the Center, as summarized in the mission statement, is an
important one that is not addressed elsewhere on campus and that is
likely to become of increasing interest in the future.

* CER is a lively organization with vigorous and growing research and
educational activities on a number of fronts, offering excelled promise of
important future contributions.

In general, organizations can become stagnant and complacent after a

period of time, ceasing to evolve and to contribute significantly. Such
organizations are rightly terminated in a sunset review. CER is, however, the

antithesis of such organizations. It is evolving and expanding vigorously and
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therefore deserves continuation. Energy considerations surely will be prominent

among societal concerns in the future.
5. TEACHING AND EDUCATIONAL ACTIVITES, PRESENT AND FUTURE

The CER teaching activities are closely coordinated with research.
Graduate students are invoived in theoretical, computational and experimental
work associated with the specific topics of research identified above, and the
most thorough and definitive presentation of results often appears in the theses
of graduate students. Undergraduate students also participate in the laboratory
research. For the reporting period, the following UCSD undergraduates were

involved in CER laboratory studies:

Sophia Chen Pavel Monat

Calvin Chou Sailendra Nemana
PapaMagatte Diagne Steve Phan

Joshua Hu Christopher Romero
Jeremy Livianu Jeffrey Robert Scherffius
Maria Liza Lopez Caitlin Smythe

Donaldi Luca Joshua Tyndall

Eugene Mahmoud Werner Willems

Adrian Mansbridge Brandon York

The teaching involves extensive individual contacts of students with
professors and research staff. In today’s rapidly changing world, there is need for
disciplinary flexibility and international exposure in education. The students
associated with CER achieve this through contacts and travels outside UCSD.
Students and researchers associated with universities throughout the U.S. and
the world spend periods of time in research at CER, and UCSD students in CER
often pursue part of their thesis research at these external institutions. The
cooperation provides an important broadening of perspective.

Formal courses of instruction are associated with CER at both the

undergraduate and graduate levels in the MAE and ECE departments. An
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‘undergraduate seminar on Energy Options for the Twenty-First Century was
recently initiated. There is a four-quarter undergraduate sequence in energy,
covering thermodynamics, energy from fossil fuels, nuclear fission energy and
nuclear fusion energy. Enroliments are typically around fifty students per course
per year. A larger number of graduate courses are given in the discipline areas of
fluid mechanics, gas dynamics, heat and mass transfer, combustion, propulsion,
turbulence, numerical and mathematical methods, and plasma science and
engineering. These courses are taken by most of the graduate students in CER.
There are, in addition, a number of CER seminars, including a regular summer
seminar series and different special seminar series throughout the year. By
attending these seminars students extend their knowledge outside their
immediate area of specialization. All of these educational activities rely strongly
on CER. For example, even though the undergraduate courses are within
specific academic departments, their vitality, motivation and high ratings are
largely attributable to CER.

In the future, expansion of these teaching programs would occur in
connection with the proposed expansion of CER. If, for example, an appointment
in energy policy was Vmade, then additional seminars and courses would be
instituted. The extenMaded teaching activity would apply strongly at the graduate
level and would greatly increase the cross-disciplinary components of CER,
leading to beneficial influences on a wider range of societal endeavors. There
would, however, also be additional courses instituted at the undergraduate level
to accommodate increasing undergraduate enroliment.

Independent of future expansion, plans are underway to introduce new
undergraduate and graduate courses in combustion, fusion and energy. This is
deemed necessary because of increasing student enrollment. For example,
plans are developing for revision and expansion of the undergraduate energy
sequence and consideration is being given to an undergraduate course and an

additional graduate course in combustion.
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6. INTERACTION WITH OTHER UNITS, PRESENT AND FUTURE

Energy research is by its very nature a multidisciplinary research endeavor.
Such research not only offers many opportunities for collaborative work across
many disciplines, but it requires such an approach to be successful. CER brings
together faculty, researchers and students from across a broad range of
disciplines: applied mathematics, physics, chemistry, oceanography,
meteorology and economics, as well as mechanical, aerospace, civil and
chemical engineering. At present, the vast majority of faculty, research staff and
students come from MAE, although a sizable minority come from ECE. There are
also interactions with the Program in Chemical Engineering and with the
VGraduate Program in Materials Science. There are affiliated faculty in the
departments of Physics and Chemistry and Biochemistry (see Section 9).
Experimental, analytical and computational research methods are used to study
chemical and physical aspects of combustion and fusion phenomena. There is
also interest in pursuing more general energy studies on an interdepartmental
basis. Research topics are selected which foster multidisciplinary approaches.
For example, there is a particularly strong connection with environmental
research at UCSD.

There is need to expand CER activities, to add to its internationally
recognized plasmal/fusion research and fundamental combustion research
augmented components that are more active in renewable energy, environmental
effects and energy and environmental policy. This expansion would enhance the
interdisciplinary character of CER beyond the Jacobs School of Engineering to
include, for example, elements in IRPS, SIO, the San Diego Supercomputer
Center and the Departments of Economics, Mathematics, Physics, and

Chemistry and Biochemistry. See Section 16 for further discussion of expansion.
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7. PUBLIC SERVICE ACTIVITIES, PRESENT AND FUTURE

CER maintains a number of public service activities. Among these is
offering advice to federal, state and local governments on energy-related issues.
For example, there are advisory services in fire safety to the National
Construction Safety Team, in fusion research to DOE through the ARIES project,
to NASA on directions in combustion research through the Microgravity
Combustion Working Group and to the California Air Resources Board through
its Research Screening Committee. CER personnel arrange for and host
scientific and technical meetings in fusion and combustion areas and serve on
editorial advisory committees of leading journals in their fields, as well as
reviewing proposals and papers submitted for publication and editing special
issues of journals. Seminars hosted by CER in fusion, combustion and energy
are open té the public. Presentations and exhibits by CER at technical meetings
are often directed to the public and to high school students and teachers.
Direction to scientific organizations is provided through membership on boards of
directors and on technical committees. Finally, articles evaluating current energy
problems are distributed, for example, through the CER website and newsletter.

These public service activities are planned to continue in the future. In
addition, new activities of this kind are planned if the proposed expansion into
Alternative Energy Technologies and Energy Assessments comes to pass (see
Section 16). Strengthening these areas would increase publications and
activities offering advice to the public and gbvernments on a wider range of
energy issues.

8. ORGANIZATION AND ADMINISTRATION OF CER

Professor Forman A. Williams of MAE is Director of CER with Dr. Charles C.
Baker, Adjunct Professor of MAE and Director of the Virtual Laboratory for
Technology, serving as Deputy Director. The organizational chart for the
administration of the CER is shown in Figure 1.

18



The CER has established an internal Executive Committee consisting of
faculty and senior research staff of the Center. Members of the Executive
Committee are: Charles C. Baker, Chair, Professor Robert Cattolica (MAE),
Professor Sergei Krasheninnikdv (MAE), Dr. Stan Luckhardt (MAE), Professor
Farrokh Najmabadi (ECE), Professor Kalyanasundaram Seshadri (MAE), and
Professor George Tynan (MAE).

Figure 1. CER Organizational Chart

F. Williams, CER Director

C. Baker, CER Deputy Director

Combustion Research Fusion Research Administrative Office
Division Council Patricia Stewart
F. Williams, Director Charles C, Baker, Management Services
R. Cattolica, Chair Officer
Associate Director
K. Seshadri,
Associate Director

9. PRESENT PERSONNEL OF CER

a. Faculty

i. Members

« Charles Baker, Adjunct Professor/MAE: Fusion systems analysis; fusion nuclear
technology development; plasma engineering.

« Farhat Beg, Assistant Professor/MAE: Fast ignition for inertial confinement fusion;
wire array Z-pinches; compact x-ray and neutron sources.

. Steven Buckley, Assistant Professor/MAE: Combustion physics; in-situ combustion
and atmospheric emission measurement techniques; gas-phase, particulate-phase and
bio-aerosol measurements.

« Robert Cattolica, Professor/MAE: Laser and electron beam spectroscopic diagnostics;

molecular energy transfer; combustion and hypersonic gas dynamics.
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Robert Conn, Professor/MAE: Applied plasma physics and technology; fusion energy;
fusion reactor design; methods for semiconductor etching and deposition processes;
plasma chemistry; applied chemical physics.

Sergei Krasheninnikov, Professor/MAE: Plasma, neutral, and radiation interactions
and transport phenomena; plasma turbulence; atomic physics in plasmas; plasma-
material interactions; gas discharge physics; plasma chemistry.

Paul Libby, Professor Emeritus/MAE: Combustion theory; turbulence; turbulent
combustion.

Farrokh Najmabadi, Professor/ECE: Fusion power plant design and technology;
computational fluid dynamics; laser-material interaction; applied plasma physics and
engineering.

Stanford Penner, Professor Emeritus/MAE: Thermophysics; applied spectroscopy;
propellants; energy technologies; environmental issues - management‘ and policies.

K. Seshadri, Professor/MAE: Chemical inhibition of flames; combustion of diesel fuels;
combustion of solid propellants; mechanisms of formation of pollutants; destruction of
toxic compounds; asymptotic analyses of flame structure.

George Tynan, Associate Professor/MAE: Interaction of high-energy-density radio
frequency with edge plasmas in magnetic fusion devices; fundamental studies of intense
laser-plasma interactions; turbulent transport in magnetized plasmas; physics of
semiconductor process plasmas.

Forman Williams, Professor/MAE: Flame theory, combustion in turbulent flows,
asymptotic methods in combustion, fire research, reactions in boundary layers, other
areas of combustion and fluid dynamics.

jii. Faculty Affiliates

David Benson, Professor/MAE: Development of algorithms for nonlinear finite ‘element
analysis on supercomputers.

Thomas Bewley, Assistant Professor/MAE: Control, forecasting, and optimization of
laminar and turbulent flows.

Colm Caulfield, Associate Professor/MAE: Fluid flows in the environment, industry and
geophysics where density or compositional differences play a crucial dynamical role.

Pat Diamond, Professor/Physics: Turbulence, transport and self-organization in
plasmas, fluids and nonequilibrium systems; bifurcated mean-flow states in turbulent
shear flows; magnetic dynamics; confinement and turbulence in magnetized plasmas;

anomalous viscosity mechanisms in accretion disks; flows in granular media.
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