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Foreword

This report documents the BES Engineering Research Program for fiscal year 1991; it
provides a summary for each of the program projects in addition to a brief program
overview. The report is intended to provide staff of Congressional committees, other
executive departments, and other DOE offices with substantive program information so as
to facilitate governmental overview and coordination of Federal research programs. Of
equal importance, its availability facilitates communication of program information to
interested research engineers and scientists. The organizational chart for the DOE Office
of Energy Research (OER) on the next page delineates the six Divisions within the OER
Office of Basic Energy Sciences (BES). Each BES Division administers basic, mission
oriented research programs in the area indicated by its title. The BES Engineering
Research Program is one such program; it is administered by the Engineering and
Geosciences Division of BES. Dr. Oscar P. Manley is technical manager of the
Engineering Research Program; inquiries concerning the program may be addressed to
him, in writing or by phone at (301) 903-5822.

In preparing this report we asked the principal investigators to submit summaries for their
projects that were specifically applicable to fiscal year 1991. The summaries received have
been edited if necessary, but the press for timely publication made it impractical to have
the investigators review and approve the summaries prior to publication. For more
information about a given project, it is suggested that the investigators be contacted
directly.
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Introduction

The individual project summaries follow the program overview. The summaries are
ordered alphabetically by name of institution and so the table of contents lists all the
institutions at which projects were sponsored in fiscal year 1991.

The projects are numbered sequentially for individual identification in the indexes. Each
project entry begins with an institutional-departmental heading. The names of investi-
gators are listed immediately below the title. The funding level for fiscal year 1991
appears to the right of title; it is followed by the budget activity number (e.g.,01A). These
numbers categorize the projects for budgetary purposes and the categories are described
in the budget number index. The year in which either the project began or was renewed
and the anticipated duration in years are indicated respectively by the first two and last
digits of the sequence directly below the budget activity number (e.g., 90-3). The
summary description of the project completes the entry.



Program Review
BES Engineering Research

The BES Engineering Research Program is one of the component research programs which
collectively constitute the DOE Basic Energy Sciences Program. The DOE Basic Energy
Sciences program supports energy related research in the physical and biological sciences,
and in engineering. The chief purpose of the DOE Basic Energy Sciences Program is to
provide the fundamental scientific base on which identification and development of future,
national energy options will depend. The major product of the program becomes part of
the body of data and knowledge upon which the applied energy technologies are founded;
the product is knowledge relevant to energy exploration, production, conversion and use.

The BES Engineering Research Program was started in 1979 to help resolve the numerous
serious engineering issues arising from efforts to meet U.S. energy needs. The program
supports fundamental research on broad, generic topics in energy related engineering topics
not as narrowly scoped as those addressed by the shorter term engineering research projects
sponsored by the various DOE technology programs. Special emphasis is placed on
projects which, if successfully concluded, will benefit more than one energy technology.
During the first year several workshops were sponsored for the purpose of identifying
energy related engineering research needs and initial priorities. Representatives from
industry, academic institutions, national laboratories, and leading members of professional
organizations (Engineering Societies Commission of Energy, American Society of
Mechanical Engineers, Society of Automotive Engineers, and Joint Automation and Control
Committee) participated in the workshops. In addition to the participants in the workshops,
staff representatives from the DOE technology programs and other leading U.S. energy
engineering experts made significant contributions to the setting of program priorities.
There resulted from this process a strong confirmation of the need for a long range,
fundamental engineering research program with two major goals. The broad goals that
were established by this process for the BES Engineering Research Program are:

1) To extend the body of knowledge underlying current engineering practice so as to
create new options for enhancing energy savings and production, for prolonging useful
equipment life, and for reducing costs without degradation of industrial production and
performance quality; and

2) To broaden the technical and conceptual base for solving future engineering problems
in the energy technologies.



In this process, it was further established that to achieve these goals, the BES Engineering
Research Program should address the following topics identified as essential to the progress
of many energy technologies:

1) Advanced Industrial Technology: improvement of energy conversion and utilization,
opening new technological possibilities, and improvement of energy systems.

2) Fluid Dynamics and Thermal Processes: broadening of understanding of heat transfer
in nonsteady flows, methodology for reducing vibrations and noise in heat exchangers, and
engineering aspects of combustion.

3) Solid Mechanics: continuum mechanics, fracture mechanics, thermomechanical
behavior in severe environments, aging & lifetime reliability of structures.

4) Dynamics and Control of Processes and Systems: development and use of information
describing system behavior (system models), performance criteria, and theories of control
optimization to achieve the best possible system performance subject to known constraints.

A Scoping Workshop held in December, 1985 confirmed the continued needs for research
in these topical areas. Because of budgetary limitations, the implemented BES Engineering
Research Program is somewhat less broad than the program envisioned above. At present,
equal emphasis is being placed in three carefully selected, high priority research areas;
namely,

1) Mechanical Sciences including fluid mechanics (multiphase flow and turbulence) heat
transfer, and solid mechanics (continuum mechanics and fracture mechanics).

2) System Sciences including process control and instrumentation.

3) Engineering Analysis including nonlinear dynamics, data bases for thermophysical
properties of fluids, modeling of combustion processes for engineering application, and
foundations of bioprocessing of fuels and energy related wastes.

These areas contain the most critical elements of the four topics enumerated above; as such
they are of importance to energy technologies both in the short and long term, and
therefore of immediate programmatic interest. It should be noted that other areas of basic
research important to engineering are monitored elsewhere in BES. For instance,
separation sciences and research on thermophysical properties are among the
responsibilities of the Chemical Sciences Division, while microscopic aspects of fracture
mechanics are in the domain of the Material Sciences Division. As resources permit, other
high priority areas are being added to the Engineering Research Program. Thus, as a result
of previous growth in the program budget an important development took place in the
Engineering Research Program: two major concentrations of research were initiated.



First, a new program was organized at Oak Ridge National Lab dealing with intelligent
machines in an unstructured environment. Some resources are available for coordinated,
more narrowly focussed, related, high quality research at universities and other research
centers. All such activities are supported and administered directly by the Engineering
Research Program, but some coordination of efforts with the ORNL program may prove
useful.

Secondly in FY 1985, a collaborative research effort was started between MIT and Idaho
National Engineering Lab. At present, the collaboration is in three distinct areas: Plasma
Process Engineering, Automated Welding, and Fracture Mechanics. Collateral, high quality
research efforts at other institutions are supported by the Engineering Research Program.

In the expectation of a future modest growth of this Program, two International Workshops
on Two Phase Flow Fundamental were held one in September 1985 and the other in
March, 1987. The meetings were used to identify basic research needs in the field of two
phase flow and heat transfer; summary reports of the workshops are available from the
Program Office. The proceedings of the two workshops have been published as volumes
in the series "Advances in Heat and Mass Transfer" (Hemisphere Publishing Company)

Two additional workshops were held during 1988. The first dealt with possible research
opportunities in the field of novel devices using the new high temperature superconductors.
The second addressed research needs for bioprocessing of fuels and energy related wastes.
Reports of both workshops have been published. Additional funds have been provided in
FY 1992 to initiate research in the above mentioned bioprocessing area. Of interest are
relevant studies at the intersection of biology, biochemistry, and chemical engineering.

It should be mentioned too, that some very limited support is available for research on
large scale systems. A report of a workshop on needs, opportunities, and options in this
field is available from Professor G.L. Thompson, Graduate School of Industrial
Administration, Carnegie-Mellon University, Pittsburgh, PA 15213.

Research projects sponsored by the BES Engineering Research Program are currently
underway at universities, private sector laboratories, and DOE national laboratories. In
fiscal year 1991 the available program operating funds available amounted to about $14.8
million. The distribution of these funds among various institutions and by topical area is
illustrated on the next page. Project funding levels are mostly in the range of $50,000 to
$150,000 per year. Typical duration of a project is three to four years, with some projects
expected to last as long as ten years or more. The BES Engineering Research projects
stem almost without exception from proposals for competitive grants. Proposals which
anticipate definite results in less than two years are usually referred to the appropriate DOE
technology program for consideration. All those interested in submitting a proposal are




encouraged to discuss their ideas with the technical program manager prior to submission
of a formal proposal. Such discussion helps to establish whether or not a potential project
has a reasonable chance of being funded. The primary considerations for possible support
are the technical quality of the proposal and the professional standing of the principal
investigators and staff. An effort is made to attract first rate, younger research engineers
and energy oriented applied scientists. A high technical caliber of research is maintained
by requiring that the projects supported have potential for a significant contribution to
energy related engineering science, or for an initial contribution to a new energy relevant
technology. Sponsored projects are selected primarily for their relevance to DOE mission
requirements; the contribution to energy related higher education is an important but
secondary consideration. Thus projects sponsored at universities are essentially limited to
advanced theoretical and experimental studies usually performed by faculty members, staff
research scientists, and doctoral candidates.



ENGINEERING RESEARCH PROGRAM

FY ‘91 BUDGET ($000's)
BY INSTITUTIONAL TYPE

NATIONAL
LABORATORIES
29%
$4228
(20 PROJECTS)

UNIVERSITIES
61%
$9022
(99 PROJECTS)

OTHER
10%
$1507
(12 PROJECTS)
ENGINEERING RESEARCH PROGRAM
FY '91 BUDGET
BY TECHNICAL AREAS
($000 s) % NUMBER OF PROJECTS
MECHANICAL SCIENCES 4934 33% 51
SYSTEMS SCIENCES 4818 3% 28

ENGINEERING ANALYSIS 5005 34% : 52
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University Of Alabama

Dept of Mathematics $52,068
Tuscaloosa, AL 35487 01-C
91-3

Hydrodynamic Instabilities and Coherent
Structures
A. Frenkel

The objective of this project is to advance the
understanding of instabilites of several fluid
systems relevant to energy engineering sciences.
Some problems, approaches to their solution, and
results follow.

For the problem of coherent structures and the
inverse energy cascade in turbulent flows, both
statistical ensembles and deterministic periodic
flows are considered.

It is found that an isotropic turbulent flow is stable
to the mean-flow perturbations. This suggests
that some statistical anisotropy is necessary for
the growth of the coherent structures.

The same techniques, based on mathematical
insights into the properties of functionals of
Gaussian processes, yields a new description of
the diffusion of a passive scalar - such as the
temperature - in a turbulent flow.

For a deterministic unidirectional flow with a
sinusoidal profile of velocity, it is shown rigorously
- by using continued fractions - that some
perturbations which do not have the same
periodicity as the basic flow, can nevertheless
grow. The much more complicated case when the
flow is, in addition, sinusoidal in time is reduced to
an infinite algebraic eigenvalue problem. |Its
Galerkin approximation results are not restricted to
large scales, in contrast to earlier results. An
exact solution of a generalized Orr-Sommerfeld
equation in the inviscid case is found and
compared to the Galerkin-based resuits.

For the core-annular flow - important in the
lubricated pipelining of heavy oils - a new
nonlinear interface equation is derived. It reflects
the dynamics of the core in addition to the
dynamics of the lubricating film. Several domains
of basic parameters are indicated in which the
instability cannot break up the flow. The finite but
small oscillations of the interface can have the
character of either deterministic chaos or else a
nonlinear propagating wave.

Argonne National Laboratory

Materials & Components Tech Div  $144,000
Argonne, IL 60439 01-A
90-3

Chaos in Fluid-Structure Systems
S. Chen, T. Mulcahy

Integrated theoretical and experimental studies are
being performed to enhance the understanding of
nonlinear oscillations and dynamic instability
phenomena involving both fluids and solid
structures and their coupling. The objectives are
to contribute to the explanation of observed
phenomena, providing insights into chaotic
characteristics of such coupled mechanical
systems and ultimately, to the solution of
engineering design problems. This is a joint
project with Professor F. Moon at Cornell
University.

Fluidelastic instability of loosely supported tubes,
vibrating in a tube support plate-inactive mode, is
suspected to be one of the main causes of tube
failure in some operating steam generators and
heat exchangers. As a vehicle to understand the
nonlinear behavior of fluid-structure systems,
fluidelastic instability of loosely supported tube
rows in crossflow is being studied in detail. Tube
row with a motion-limiting stop configuration will
be tested to investigate various response
characteristics and a mathematical mode! based
on the unsteady flow theory will be developed to
predict the response characteristics of this
classical fluid-structure system.

Energy systems have had a history of dynamic
structural instabilities caused by fluid flow resulting
in costly component repair and replacement and
loss of energy production. The understanding of
dynamic characteristics, including periodic
oscillations, random vibration, and chaotic motion,
will impact the design and reliability of these
systems in both the near and long term. In
addition, fluid-structure systems are classical
examples of autonomous systems that can exhibit
chaotic behavior. Knowledge of the fluid-structure
systems may provide some insights into the
chaotic behavior of other energy system
components.

Engineering Hesearch
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Argonne National Laboratory

Materials & Components Tech Div  $132,000
Argonne, IL. 60439 01-A
90-3

Bounds on Dynamic Plastic Deformation
C. Youngdahl

Analytical studies are being performed to develop
methods for approximating or bounding the
dynamic plastic deformation of structures. In
many applications where the load is transmitted to
the structure through a fluid, details of the load
history and spatial distribution significantly affect
the final plastic deformation. The objective of the
program is to devise mode approximation methods
and load cormrrelation parameters which can be
used to predict the final deformed shape and
characterize the effects of the load without
resorting to detailed numerical analyses. These
approximation methods have three important uses:
to perform design and safety analyses of
structures over a wide range of design variables
and loadings; to validate computer programs which
have a nonlinear dynamic plasticity capability; and
to correlate experimental simulations with actual or

predicted events.

The dynamic plastic deformation of some basic
structural configurations are being analyzed for
loadings which vary both in magnitude and region
of application with time. Mode approximation
methods and load correlation parameters are
hypothesized and their usefulness in predicting
final plastic deformation is determined. The
methods, based initially on a rigid, perfectly plastic
material mode! and small deformation response,
are extended to include strain hardening, an initial
elastic response period, and large deformation
interactions.

Arizona State University

Mechanical & Aerospace Eng $55,000
Tempe, AZ 85287 01-A
88-4

Continuum Damage Mechanics i
D. Krajcinovic

The efforts in the first two years of this research
program were focused on the development of a
micromechanically inspired continuum damage
mechanics model. Specifically, the objective was
to formulate a rigorous micro-to-macro transition
along with the conditions which must be satisfied

for this transition to be valid. For example, it was
demonstrated that the change in elastic
compliance is a proper choice for the
thermodynamic macro-flux since it represents an
orientation weighted volume average of micro-
fluxes. The corresponding affinity is the energy
release rate integrated along the crack perimeter
and averaged across its surface. The macro-
potential is subsequently determined as an inner
envelope of the micro-potential. The
corresponding damage surface is a convex
piecewise smooth hypersurface possessing the
normality property. The ensuing computations
clearly indicate the simplicity and accuracy of the
proposed model in several illustrative examples.

The micro-to-macro transition is, however, proven
to be valid only as long as the application of the
effective continua theories is justified. In other
words, the macro flow potential cannot be proven
to exist when the influence of the direct interaction
of micro-defects on the deformation becomes
significant.

One of the most important aspects of the analyses
of brittle deformation processes is the
determination of failure which is, obviously,
associated with a critical microcrack density.
However, the analytical modeling of the so-called
cooperative phenomena, characterized in the
considered case by a disorder of the material
microstructure and the interaction of many defects
of random geometry, distribution and orientation
represents a serious problem. This class of
problems, being inherently nondeterministic in
nature, is seldom if ever addressed in continuum
mechanics. A promising strategy, to be explored
in the continuation of this research program, is to
consider the application of the so-called
percolation theory. One of the two main problems
is to make a transition between the lattice and
continuum percolation theory and recover the
damage micro-flux (Budiansky-O'Connell variable)
and enable mapping between the two models.
The other problem is that the disorder is
introduced into the percolation model traditionally
by a bimodal distribution which might be to
restrictive for real materials having a richer
hierarchy of strengths on the micro-scale.
Nevertheless, it is felt that the percolation theory
offers a viable framework for the studies of the
brittle deformation processes in the vicinity of the
percolation thresholds (which are different that
those associated with transport phenomena). The
application of the percolation theory is important

Engineering Hesearch
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since it enables studies of estimates which the
local fluctuations of stresses (hot-spots) and
strengths (weak-links) have on the failure of the
material.

Battelle Memorial Institute

Mechanics Dept $94,027
Columbus, OH 43201-2693 01-A
90-3

An Investigation of the Effects of History
Dependent Damage In Time Dependent
Fracture Mechanics

F. Brust

The demands for structural systems to perform
reliably under severe operating conditions continue
to increase. Modern energy production facilities
experience degradation and damage because they
operate inasevere high-temperature environment
where time dependent straining and damage may
lead to structural failures. The goal of this
research is to study the high temperature damage
and failure processes and to further develop a
method for predicting this behavior in an effort to
increase structural life. In particular, we focus on
time dependent damage which occurs under
history-dependent loading conditions, i.e. transient
conditions.

The types of time dependent (creep) damage
considered in this program include: sustained load
creep, variable load creep, and variable load creep
with thermal gradients. During the first year of this
study, the implications of using Norton's creep law
on various integral parameters wused to
characterize crack tip phenomena were evaluated
as a function of time. Other constitutive laws for
time dependent materials such as those of
Murakami and Ohno are being implemented into
the finite element code. In addition, constitutive
property data and high temperature creep crack
growth data are being obtained on stainless steel.
These experiments will be used to verify analytical
predictions and characterize time and history
dependent damage during crack nucleation and
growth.

The results from this work will be used by
practicing engineers to enhance the life of high
temperature structural systems during the design
phase.

Boston University

Department of Chemistry $69,316
Boston, MA 02215 06-C
89-3

Transport in Porous/Disordered Materials
T. Keyes

The aim of this project is the construction of
theories of the transport processes-diffusion, fluid
flow, electromagnetic wave propagation, etc. in
materials where strong interactions or disorder
cause a near stoppage of the transport. Of
special interest are materials with percolation
thresholds, where the disorder blocks transport
altogether, and systems near a glass transition.
The research is broadly based and a wide range
of theoretical and computational techniques are
employed. Progress along three fronts was made
in the past year.

Harmonic normal mode analysis is routinely
applied to stable solids, but is not normally
considered useful for fluids. We have developed
a new method for fluid dynamics, based upon
normal mode analysis, in which transport is
governed by the unstable modes of the system.
The method worked extremely well for
supercooled liquids and is now being applied to
suspensions of spheres.

Glass ceramics are composed of irregular
crystallites in a glassy matrix. The propagation of
light through these disordered materials was
studied. The structure of the crystallites was
related to the properties of the scattered light in a
completely new scheme which requires the
intensity statistics, but no knowledge of optical
properties.

High intensity light will break chemical bonds and
cut material. A fairly comprehensive model of this
very nonlinear process was constructed and
solved, with qualitative agreement with several
observations. Computer simulation of the
phenomenon was begun, with an eye to the study
of laser-induced shock waves and to sorting out
the ‘"energy bookkeeping" -the ultimate
destinations of the laser energy.

Engineering Hesearch
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University Of California/B

Dept of Electrical Engineering $93,300
& Computer Sciences 06-C
Berkeley, CA 94720 90-3

Self-Generated Stochastic Heating in an RF
Discharge
A. Lichtenberg, M. Lieberman

The purpose of this project is to study electron
heating mechanisms in radio frequency (r.f.)
discharges. These discharges are used
extensively by industry for surface modification of
electronic and mechanical materials. In addition to
the usual r.f. ohmic heating in the plasma interior,
it has been found theoretically that stochastic
heating at the plasma surface plays a major role.
The stochastic electron heating arises from
successive decorrelated reflections of electrons
with the oscillating sheath near the surface of the
discharge. Power is also transferred directly to the
ions by acceleration in the sheaths. The efficiency
of stochastic heating depends on the detailed
sheath dynamics. For alow pressure discharge at

a pressure of 3 mTorr, power of 100 watts, and
frequency of 13 MHz, 95% of the electron heating
is predicted to occur stochastically.

The sheath dynamics are being measured and
related to the predicted stochastic heating for a
plane parallel argon discharge. Depending on the
details of the sheath motion, the enhancement
factor of the stochastic heating can change, and
consequently so can the ratio of electron to ion
power at a given overall power level. The
measured results, together with measurements of
other plasma parameters, will be used to construct
better predictive models of discharge behavior and
parameter scaling.

Stochastic heating can be enhanced with a
resonant helical discharge structure. This
geometry is of importance for materials processing
applications and is under investigation as part of
the overall program to understand plasma heating
and develop models of r.f. processing discharges.

University Of California/LA

Mech, Aero & Nuclear Eng Dept $78,790
School of Eng & Applied Science 01-C
Los Angeles, CA 90024-1597 89-3

Basic Studies of Transport Processes in
Porous Media
I. Catton

The research covers two broad areas: 1)
single-phase convection in porous media, and 2)
two-phase convection in porous media. The
objective of this study is to develop physical
understanding of the governing phenomena and
models for prediction of transport processes by
theoretical and experimental means.

Non-Darcian forced convection in a porous
medium with anisotropic dispersion was studied.
Convective heat transfer in a packed tube was
modeled. It was shown that heat transfer in the
thermally developing region is affected by axial
dispersion when the Peclet number is less than
10. The effects of hydrodynamic dispersion on the
convection onset of a porous layer with volumetric
heating were shown to reduce the critical Rayleigh
number.

Generalized models have been developed for
turbulent transport processes in highly permeable
porous media with Reynolds number greater than
one hundred. Improved transfer equations for the
solid and fluid phases were obtained by averaging
the turbulent transfer equations over a
heterogeneous  medium. A series of
two-dimensional turbulent flow, energy, and mass
transfer models was developed. The results of the
modeling were compared with the theoretical and
experimental work of others. A close connection
between closure of heat and mass transfer
models, and boundary conditions is shown by
taking proper account of surface roughness within
and on the boundaries of a porous medium.

Steam injection into water flow was studied
analytically and experimentally. For slow flow
(Darcy flow), the analysis yielded values of all
important parameters that compare well with the
experimental data. The importance of dispersion
to the transport of energy at the steam-water
interface was clearly demonstrated. At high steam
injection rates, the steam-bubble boundary was
shown to be unstable.

Engineering Hesearch
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University Of California/LA

Mech, Aero & Nuc Eng Dept $87,654
School ot Eng & Applied Science 06-C
Los Angeles, CA 90024-1597 89-3

Energy and Particle Transport in Random
Media
G. Pomraning

The goal in this research is to develop a
comprehensive theory of linear transport/kinetic
theory in a stochastic mixture of solids and
immiscible fluids. Such a theory should predict the
ensemble average and higher moments, such as
the variance, of the particle or energy density
described by the underlying transport/kinetic
equation. The statistics to be studied correspond
to N-state discrete random variables for the
interaction coefficients and sources, with N
denoting the number of components in the
mixture. The mixing statistics to be considered
are Markovian as well as more general statistics.

inthe absence of time dependence and scattering,
the theory is well developed and described by the
master (Liouville) equation for Markovian mixing,
and by renewal equations for non-Markovian
mixing. The intent of further work is to generalize
these treatments to include both time dependence
and scattering. A further goal of this research is to
develop approximate, but simpler, models from the
comprehensive theory. In particular, a specific
goal is to formulate a renormalized
transport/kinetic theory of the usual nonstochastic
form, but with effective interaction coefficients and
sources to account for the stochastic nature of the
problem. Numerical comparisons of all models will
be made against Monte Carlo simulations which
involve a straightforward average of solutions for
a large number of physical realizations of the
statistical mixing. Extensions to nonlinear kinetic
equations will also be investigated.

University Of California/LA

Physics Dept $115,920
Los Angeles, CA 90024 06-C
90-3

Wave Turbulence and Self-Localization In
Continuous Media
S. Putterman

The fate of energy which is injected into fluids that
are far from equilibrium is being investigated from

the experimental, theoretical and computational
point of view. These off-equilibrium systems can
display a tendency to a) form structures b) develop
a stochastic spectrum of energy and c) focus
energy. Regarding a) the formation of solitons,
domain walls and kinks in continuous media is
being studied. Regarding b) the tendency of a
spectrum of acoustic motion to become wave
turbulent is being investigated and regarding c) the
transduction of round into lift is being measured.
This last phenomenon results from a self-focusing
instability that concentrates energy by a factor of
one frillion.

University of California/SD

Scripps Inst. of Oceanography $0

La Jolla, CA 92093-0402 06-C
90-4

Signal Processing in Chaos

H. Abarbanel

We are investigating methods for modeling fluid
flows and plasma dynamics of relevance to energy
problems when these physical phenomena exhibit
motion on fractal objects called strange attractors.
In these cases, which are quite common both in
the settings indicated, and in electrical circuits and
condensed matter systems, the time series have
continuous broadband power spectra and quite
irregular behavior. We are engaged in methods
for identifying the space in which to work for these
systems (phase space reconstruction), methods
for computing the invariants of the motions, and
methods for making physical models for prediction
in these irregular systems. These systems are
inherently less predictable than familiar linear
systems, but their predictability is nonzero and
may be extracted in a systematic fashion from the
time traces themselves.

The work in FY91 has concentrated on methods to
extract chaotic, deterministic signals from noisy
measurements. The noise may be due to
environmental conditions or measurement errors
or may have been imposed on purpose to mask
the signal. With these “cleaning" tools, we will
clean up laboratory and field data for use in the
other parts of the signal processing effort.
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Experimental and Theoretical Study ot Fuel
Droplets Subject to Straining Flow
P. Libby, F. Willlams

This research involves a combined experimental
and theoretical effort related to the behavior of fuel
droplets. The initial experiments concerned the
determination by photographic means of the
trajectories and under the circumstances involving
mass loss, of the radius histories of individual
droplets in well defined, nonuniform laminar
streams. The original studies involved a
nonpremixed laminar flame in a counterflow
configuration, isothermal counterflowing nitrogen
streams and a vertical Poiseuille flow. The results
of these studies have appeared in Combustion
Science and Technology. Recently these same
techniques have been applied to a droplet on a
vertical trajectory entering the horizontal flow from
a jet with close to a top-hat velocity distribution.
The purpose of this experiment was to elucidate
the source of the lift found in the early
experiments. - However, the results, which are to
appear in Combustion Science and Technology
establish that conventional force laws accurately
predict the droplet trajectories with the
consequence that the source of the fift measured
in the earlier configurations remains obscure. Our
current research concerns fuel sprays in
counterflowing streams which result in flat
nonpremixed flames. Measurements of the
velocity distribution are underway and in due
course the droplet size and velocity will be
measured. Complementary theoretical research is
underway.
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Nolsy Nonlinear Systems

K. Lindenberg

Transport and reactions on fractals occur in many
natural phenomena including geological processes
and processes in the solid state or on surfaces.
Much that is known comes from computer
simulations. Our efforts have been directed
toward gaining a theoretical understanding of
these processes.

The calculation of the time that it takes to reach a
given point on a fractal is relevant for events that
are triggered when an excitation or molecule or
charge reaches a designated point. Our analysis
is based on a renormalization approach that yields
exact results on some deterministic fractals.
Whether these methods can be applied to random
fractals is still an open question; we have applied
them to structures that mimic random fractals.

The rates of even the simplest diffusion—controlled
reactions in low-dimensional systems behave very
differently than the standard law-of-mass-action
descriptions and have been called "anomalous"
and indicative of "mathematical poisoning.” Our
calculation of reaction rates is based on scaling
arguments that lead to parameterized results.
Even this limited success has provided a great
deal of insight.

We continue to make pro