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Reply to Attn of:

National Aeronautics and
Space Administration

Lewis Research Center
Cleveland, OH 44135-3191

NASA Lewis Research Center's commitment to excellence
continues to grow in terms of investment and support for
Historically Black Colleges and Universities (HBCUs).
Over the last 4 years, Lewis' total research and devel-
opment grant awards to 16 HBCUs exceeded its performance
goal by a substantial margin.

Lewig' HBCUs Research Program is designed to utilize the
ability of HBCUs to conduct fundamental science and develop
physical infrastructure related-to NASA's disciplines. To
reach our goals, we must build partnerships with other
Government agencies, industry, and academia. Our research
partnerships with the Nation's HBCUs are an integral part
of our strategy.

The HBCUs Research Conference is a critical element in
ensuring the success of Lewis research programs. In
addition, it provides a forum for showcasing the research
capabilities of the participating HBCUs.

It is with great pleasure that I welcome the participants
and congratulate everyone associated with the Fourth NASA
HBCUs Research Conference.
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National Aeronautics and
Space Administration

Lewis Research Center
Cleveland, OH 44135-3191

Reply o Attn of:

This Research Conference is the fourth one at which
researchers and students from Historically Black Colleges
and Universities (HBCUs) present progress reports on Lewis-
sponsored research. Lewis management and researchers are
proud of the results obtained to date and encouraged by the
competence and contributions of the Principal Investigators

(PIs) and student researchers.

I welcome all presenters and congratulate you for the
comprehensive quality of topics covered by your research
programs. Also, I congratulate and thank the Lewis Technical
Monitors for their excellent support. The phrase "Lewis
means teamwork" is directly applicable to the partnerships

between Lewis and HBCUs.

)«««44‘4’»7 Eard,

Julian M. Earls
Deputy Director for Operations
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Wednesday, April 9, 1997

8:30 - 9:00 a.m.

Introduction and Welcome:

Welcome and Center Overview:

9:00 -10:20 a.m

10:20 -10:40 a.m.

10:40 -12:00 Noon

12:00 -1:00 p.m.

1:00 - 2:20 p.m.

2:20-2:40 p.m

2:40 - 4:40 p.m.

Thursday, April 10, 1997

8:00 - 12:00 Noon
12:00 - 1:00 p.m
1:00 - 3:00 p.m

3:00 --4:00 p.m

FOURTH HBCUs RESEARCH CONFERENCE

April 9-10, 1997
AGENDA

Presiding: Dr. Sunil Duita
SDB Program Manager

Introduction

Dr. Julian M. Earls
Deputy Director for Operations
NASA Lewis Research Center

Dr. Michael J. Salkind
President

Ohio Aerospace Institute
Mr. Donald J. Campbell

Director
NASA Lewis Research Center

Oral Presentations
Three (3) Concurrent/Parallel Sessions
Break

Oral Presentations
Four (4) Concurrent/Parallel Sessions

Lunch (On Your Own)

Oral Presentations
Three (3) Concurrent/Parallel Sessions

Break

Poster Sessions

Small Disadvantaged Business Forum

Lunch (On Your Own)

Individual Principal Investigator/Technical Monitor Meeting

Remove Poster Sessions
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Heterodyne Interferometry for Crystal Growth Rate Diagnostics ‘
I A
Yongkee Kim, B.R. Reddy, and R.B. Lal '
Alabama A&M University R e

Ve

P.O. Box 71
Normal, Alabama 35762

ABSTRACT J9132

%
A non-contact optical heterodyne interferometry technique is used for the first time for 9
in-situ monitoring of crystal growth rate from solutions. This technique is part of an overall optical
diagnostic system characterizing the crystal growth phenomena. Optical heterodyne technique
has the capability of measuring the growth rate at a resolution of 1 A/sec. This technique can be
modified for concentration field measurement for protein crystal growth. Protein crystal growth
has been the most successful application of space processing in microgravity, providing proteins
crystal of unprecedented quality and sizes for X-ray diffraction studies and drug design for AIDS,
cancer, influenza and skin diseases. Diagnostics for protein crystal growth are required for
various aspects of the growing process. (1) Characterizing the fluid immediately surrounding the
growing crystal to understand the transport of solute to the crystal. (2) Observing the growth rate
of the crystal surface itself with a time resolution of minutes. The modified optical heterodyne
technique is demonstrated with the mixture of water and glycerin to simulate a slow growth of
protein crystal, and with Triglycine sulfate (TGS) crystals. Concentration gradient field of dissolv-
ing triglycine sulfate (TGS) crystal has been studied by changing the ratio of water and glycerin
mixture. This technique is applicable to solution crystal growth of optical crystals, proteins, and
thin films grown by Molecular Beam Epitaxy (MBE).

e
o

Phone: (205) 851-5306, 5309
FAX:  (205) 851-5622
Tech. Monitor: Thomas Glasgow Phone: (216) 433-5013
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Optical Sensors Based on Single Arm Thin Film Waveguide Interferometers

LeRC HBCUs CONFERENCE

Q [ Sergey Sarkisov, Andre Taylor, and Putcha Venkateswarlu
Alabama A&M University
. 1900 Meridian Street
P.O. Box 1268
Normal, Alabama 35762

ABSTRACT

Optical waveguide sensors are promising tools in reliable aeropropulsion control systems
that have to sustain harsh environment and radio frequency interference. The sensors are
compact and can be easily introduced in different points of an aeropropulsion system. Single
arm optical interferometer utilizes the interference between different waveguide modes. The
sensing effect results from the change in traveling conditions for different modes caused by the
environment. Single arm interferometer is much less sensitive to mechanical vibrations in
comparison with traditional double arm system with separated arms. This is especially important
in aeropropulsion applications. The proposed novel single-arm interferometer employs modes of
different orders. It is more sensitive to the change of temperature (2rn phase shift per 2 °C
temperature change) with regard to their polarimetric analogs using orthogonal modes of the
same order (TE and TM). The proposed approach also enables combining polarimetric and
double-mode interferometer in one device that becomes more versatile. Our efforts toward the
development of the sensor include material selection, development of fabrication technique,
characterization, and testing. The waveguide interferometer is built using high temperature
polyimide doped with various analytes such as metal substituted phtahlocyanines. Preliminary
study shows that 1,4,8,11,15,18,22,25-Octadecyloxy copper phthalocyanine changes
significantly its optical absorption spectrum in a reversible manner after being exposed to
various acid and alkali solutions. When several drops of acetic acid were added (3% acid
concentration) to initially green solution of the phthalocyanine in ethanol, the color changed to
brown. However, when several drops of this brown solution were added to acetone, the color
changed back to green. The same behavior accompanied by the refractive index change is
expected for the phthalocyanine being exposed to NH,, NO, NO,, CO, CO,, H,S, and other
gaseous products of combustion process in an aeropropulsion system. We discuss the design of
the experimental gas chamber that wili be used to characterize the response of the waveguide
sensor to the above mentioned gases within the temperature range from 20 °C up to 260 °C.
The dose of each particular gas will very from zero up to 5 ppm. The chamber is now under
construction at Alabama A&M University.

Phone: (205) 851-5306
FAX: (205) 8515622
Tech. Monitor: Grigory Adamovsky Phone: (216) 433-3736
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Development of a Searchable Database on General Aviation Propulsion

Philip Ikomi Sz - BL-
Psychology Department o4 /35¢-
Central State University 2285 oL
Room 324, Wesley Hall ’
Wilberforce, Ohio 45384 Q P

] 5\:)

ABSTRACT /Q /

Central State University, under NASA sponsorship, is developing a user-friendly,
business-oriented, computer-based database of literature related to key technological develop-
ments that could impact the field of general aviation propulsion. The database draws on a broad
range of information sources, and is intended to serve the needs of general aviation propulsion
equipment and component manufacturers seeking information which will help them to improve
their existing products or develop new products to serve the needs of this market. Information to
guide the design of the database was developed through a telephone and mail survey of
relevant attributes of companies in the general aviation propulsion industry. Examples of the
types of information gathered include: areas of company technical information interest, favored
information sources, research needs and objectives, available computer hardware and software
resources, etc. As one result of the survey, Microsoft's® ACCESS®© was selected as the
application to house the database. The database design was developed by students and faculty
at Central State. One group of students is currently actively gathering and entering literature
citations into the database. A second group is continually testing and upgrading the operational
aspects of the database. The database archives information from books, journal articles,
conference proceedings, popular articles and other information sources. The archived data
includes key fields related to authors (name, address, phone/fax, etc.), titles and subtitles of
articles, information source (type, name, volume and issue numbers, pages, date of publication,
etc.) key words, abstracts/summaries, author’s affiliation, and publisher. Queries based on any
of the fields, including Boolean combinations, are supported. The database will be available for
distribution by mid-year 1997, and will be provided to industrial firms and schools, including
selected high schools. Plans to allow periodic updating of the database via the internet are
being considered.

Phone: (937) 376-6516
FAX: (937) 376-6598
Tech. Monitor: Carolyn E. Coles Hamilton Phone: (216) 433-6163
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Stabilizing Effects of Trace Solutes on Evaporating Menisci in a Capillary Heat Transfer
Device in Microgravity

Morris Girgis, Kiran Kolli, Leon Brown, and Georges Edon
Central State University
1400 Brush Row Road
Wilberforce, Ohio 45384

ABSTRACT

This research has focused on the hypothesis that a trace amount of a less-volatile solute
to a volatile solvent may enhance the effectiveness of the heat transport from the near contact
line region of an extended meniscus formed along a heated solid surface. Results, reported
from earth-based testing with various cell configurations, have shown that the deleterious effects
of thermocapillary flows near the meniscus contact line on interfacial stability and wettability
could be lessened through addition of small amounts of a less-volatile solute. This enhancement
is due to the competing effect of the concentration-induced surface shear forces with the
temperature-induced surface shear forces near the contact line. Current 1-g research has
focused mainly on identifying the conditions leading to the onset of instability. Drop tower
experiments are underway to gain insight of the difference in dynamics of the unstable meniscus
in low gravity versus normal gravity conditions. A capillary-pumped loop, designed for these
experiments, is used to study the influence of critical variables such as the concentration of the
binary mixtures; the size and configuration of the evaporator capillary tube; and the level of heat -
input, and its position relative to the meniscus. Observation of the meniscus instabilities during
the free fall will help determine the critical values for both thermal and concentration Marangoni
numbers (Ma, and Ma ). Such results are essential to determine the directions and define the
requirements for space-based experiments. Ultimately, long-term low gravity glovebox
experiments will be conducted in space to fully observe at a device level the impact of adding a
less volatile solute in a solvent in a capillary heat transfer device in low gravity.

Phone: (937) 376-6309
FAX: (937) 376-6679
Tech. Monitor: Bhim Singh Phone: (216) 433-5396
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Diamondlike Carbon Coatings for High Temperature Lubricant Applications

Alessandro R. Rengan and Usama R. Sadi a2
MFE Department —C
Central State University o5/ 39 5/
1400 Brush Row Road /7 73S, Grrls
Wilberforce, Ohio 45384 /

ABSTRACT @) ? 1y ,57 2;
r/

This research project is in its first phase for the development of an advanced solid
lubricant for use at high temperatures by means of a laser - plasma scheme. Diamondlike
carbon (DLC) films have several advantages in properties. These include low substrate
deposition temperatures, nanometer scale smoothness and good mechanical and chemical
properties. This system involves the use of an excimer laser to ablate a graphite target onto a
silicon carbide or silicon nitride target. The high intensity of the laser can dissociates the carbon
atoms to atomic and ionic species as well as electronically excited states. In addition to the
laser excitation we have also incorporated a plasma discharge capability onto the graphite target
by means of a capacitor/power supply system. The energy which is discharged into the vapor
plume further excites the carbon species to even higher states. Thereby a large fraction of the
deposited film form sp® bonds. At present we have designed and built a vacuum chamber
capable of being pumped to a pressure of ~4x10-2 torr. The vacuum system has several ports for
various accessories. These include poris for gas delivery, by means of mass flow controllers for
upstream control, and ports for baratron pressure gauge and throttle valve for downstream
control. The substrate holder assembly has been designed to incorporate an infrared heating
element so that substrate temperatures can be varied from 25° to 400 °C. Prior work has
indicated that DL.C film hardness of ~38 GPa could be obtained by this combination as
compared to hardness of ~24 GPa obtained by simple laser ablation.

Phone: (937) 376-6429
FAX: (937) 376-6679
Tech. Monitor: Kazuhisa Miyoshi Phone: (216) 433-6078
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Impact Resistance Modeling and Preliminary Fabrication of Hybrid Titanium
Composite Laminates

Ayo Abatan and Hurang Hu
Department of Engineering
Clark Atlanta University
223 James P. Brawley Drive, SW
Atlanta, Georgia 30314

ABSTRACT

The primary motivation for this research emanates from fabricating impact test samples
of hybrid titanium composite laminates and providing a basic understanding of the impact
response of such laminated plates. Multilayer laminated plates (12 metal layers, 11 polymer
layers) were fabricated by stacking alternate layers of metal sheet and polymer film. Samples of
Dow Chemical Zetabon $262, a two-side ethylene copolymer coated steel tape, and samples of
Dow Chemical DAF 622, a polyolefin based adhesive file, were processed into laminates.
Complimentary impact experiments on these plates will be carried out at NASA Lewis Research
Center. Analytical and numerical solutions are explored for the impact responses of two types of
plates with equal areal weights. The loadings and the boundary conditions for these plates are
the same and an impact load was applied at the center of each plate. Initially, a relatively simple
hybrid laminated composite plate in which a polymer layer is sandwiched between two metallic
layers and an isotropic plate were analyzed. Comparisons were made between the maximum
equivalent stress of the isotropic plate and that of the hybrid plate. Additionally, comparisons of
maximum deflections were made. Also, a 23 layer laminate and an isotropic plate with an
equivalent areal weight of between 3 and 5 psf were examined. The effect of different shapes of
pulse on the laminated composites was also examined. Three loading cases were considered,
each being a function of time: (1) rectangular wave; (2) half sine wave; and (3) Dirac delta
function. The effect of different pulse shapes on the impact response was evaluated. The
response patterns from the results studied show significant differences in impact responses of
hybrid composites and isotropic plates.

Phone: (404) 880-6885
FAX:  (404) 880-6720
Tech. Monitor: Gary Roberts Phone: (216) 433-3244
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An Experimental Study for Mechanical Property Characterization of PMCS: Application to
T650-35/AMB21

5 2 L
Ashraf Badir and Mesfien Mehreteab o ST e
Department of Engineering o &S D &O
Clark Atlanta University R YA
223 James P. Brawley Drive, SW S350 /

Atlanta, Georgia 30314

Q%gégjp[

The objective of this research is to identify the mechanisms of damage in tension-tension
fatigue of unidirectional T650-35 carbon fiber/AMB-21 polyimide laminates under ambient and
elevated temperatures. AMB-21 is a polymer developed by NASA LeRC as a non-carcinogenic
environmentally friendly polyimide. An experimental study was conducted to investigate the
mechanical behavior of the unidirectional T650-35/AMB-21 polymer composite system.
Quasistatic tensile and fatigue properties were examined. Applied loads and resulting strains
were recorded, and replica were taken during fatigue cycling to monitor damage progression
and provide insight for future analytical modeling efforts. Accomplishments included successful
fatigue testing with tabbed dog-bone shaped specimen in which failure occurred away from the
tabs. The data obtained will help in assessing replacement of PMR-15 with AMB-21 as a matrix
for high temperature applications. Fatigue experiments at room temperature have been
conducted for several unidirectional dog bone samples at a level of maximum stress,

S, = (0.70 - 0 90)5,, With R, = 0.1 (o, /0,...).- The S__, values were based on the average
ultimate tensile strength, c,,, obtained from the static tensile test (234*10° psi). A cyclic load
frequency of 10 Hz with a sinusoidal command wave form was employed. Young’s Modulus was
continuously monitored throughout the test by recording the strain and the associated load
every 0.005 seconds during the cycling (i.e. 20 readings by cycle). A slight increase in stiffness
at an early stage of the fatigue testing was observed and is most likely due to the straightening
of the fibers during the loading process. However, no stiffness reduction was observed until
failure of the specimens. All specimens failed suddenly in a fiber broom failure type associated
with “popping” sounds caused by the fiber bundles fracturing. No ratcheting process is believed
to have taken place, specially that no nonlinearity in the stress strain relation is observed.

ABSTRACT

Phone: (404 ) 880-6900
FAX: (404 ) 880-6890
Tech. Monitor: Kenneth J. Bowles Phone: (216) 433-3197
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Study of Atomic Monolayer Protective Surfaces for Photovoltaic Semiconductors

Y #
c:Q ("\ \ \ q‘ @L G. Raymond Brown
i Clark Atlanta University
Fﬁt i J.P. Brawley Drive at Fair Street

Atlanta, Georgia 30314
ABSTRACT

Semiconductors such as Si, GaAs and InP are well-known for their potentially wide use
in high-speed electronics and long-wavelength optical circuits. They are also used, mainly in
space technology, as solar cells (photovoltaics). Their efficiency is however reduced by radiation
damage, nonradiative recombination of charge carriers and interactions with surroundings, such
as oxidation. These processes can deplete the surfaces of the semiconductors or change the
composition of the surfaces, to the detriment of their efficiency as photovoltaics. They are
therefore treated with protective films. Superior protection of these surfaces may be possible by
the use of adsorbed Sulfur and other elements, especially Sulfur together with alkali metals, or
Selenium together with alkali metals. Results will be presented of studies of the surface
structures of Silicon (100) 2X1 with adsorbed elemental Sulfur, Cesium, and Sodium (Na)
atoms. The surface structures were studied under Ultra High Vacuum conditions (pressures in
the range of 10-'° Torr) using the techniques of Auger Emission Spectroscopy, Work Function
measurements, Low Energy Electron Diffraction, and Thermal Desorption Spectroscopy using a
Quadrupole Mass Spectrometer. Evidence is shown that the reconstructed Si(100) 2X1 surface
structure is modified by adsorbed elemental S to store the bulk terminated 1X1 structure of
Si(100). In the correct proportions, adsorbed S together with adsorbed Cs or Na maintains the
bulk terminated 1X1 surface structure of Si(100), and furthermore that relatively strong bonding
occurs between the S and alkali metals atoms in the presence of the Si(100) surface. Recently a
Scanning Tunneling Microscope has been added to the Ultra High Vacuum chamber, and further
studies of the Si (100) 2X1 surface with adsorbed S and alkali metal atoms are planned using
atomic scale imaging of the surface with the Scanning Tunneling Microscope.

Phone: (404) 880-8258
FAX: (404) 88086890
Tech. Monitor: AlHepp Phone: (216) 433-3835
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X-ray Diffraction Studies of the Structure and Thermochemistry of Alkaline-Earth
Oxide-Coated Thermionic Cathodes

ey

E.K. Karikari, A. Bassey, and S.O. Hiamang ) <7 "j s
CAU-NASA X-ray Diffraction Laboratory Sl S Cor 2
Clark Atlanta University 3
223 James P. Brawley Drive, SW /77 B O U] /
Atlanta, Georgia 20314
&O 4 /f/
ABSTRACT s (}f

This project is a cooperative agreement between NASA Lewis Research Center and
Clark Atlanta University. The research is aimed at using X-ray diffraction to probe the structure
and thermochemistry of alkaline-earth oxide films of the type used in oxide-coated thermionic
cathodes and that are modified by the addition of chemicals either known or believed to have the
potential to enhance the electron emission properties. Although the addition of scandium oxide
and indium oxide has resulted in improvements in performance of the oxide cathode, the exact
roles in emission enhancement played by these additives is not well understood. NASA LeRC’s
in-house effort is focused on characterizing the surface chemistry and thermionic emission
properties of the oxide cathodes fabricated at Baldwin-Wallace College Experience at NASA
LeRC shows that Auger surface analysis by itseif does not reveal sufficient details on the coat-
ing chemistry to fully correlate with the enhanced electron emission properties. X-ray diffraction
is an extremely useful tool to supplement NASA’s studies and should provide the description of
the structure and thermochemistry of the modified oxide coatings needed to better understand
the relationship between coating chemistry and electron emission. The presentation will provide
details on a preliminary investigation of the structure of an alkaline-earth oxide cathode using
X-ray diffraction measurements at room temperature. Data analysis, carried out using Total
Access Diffraction Database (TADD) and PC-ldentify software, revealed the presence of the
alkaline earth oxides, BaO, CaO, and SrO. In the future, cathode activation and testing will be
carried out under ultra high vacuum (UHV) conditions in a custom-built UHV vac-ion pumped
test chamber. This is necessary because of the susceptibility of the alkaline-earth-oxides to
irreversible poisoning effects upon exposure to the atmosphere. X-ray data with be collected
before and after cathode activation as a function of temperature and time to determine the
changes ocurring in the materials chemistry as a result of aging. Specular reflection analysis will
be done using X-ray reflectivity measurements to gain information on surface smoothness and
contamination, and coating thickness.

Phone: (404) 880-6715
FAX: (404) 880-6890
Tech. Monitor: Edwin Wintucky Phone: (216) 433-3510
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,;;? f ; f 5; Investigation of Nonstandard Finite-Difference Schemes
Ronald E. Mickens
\;Q f? Physics Department

Clark Atlanta University
Box 172
Altanta, Georgia 30314

ABSTRACT

A large class of physical phenomena can be modeled by evolution and wave type partial
differential equations (PDE). Few of these equations have known explicit exact solutions.
Finite-difference techniques are an important method for constructing discrete representations
of these equations for the purpose of numerical integration. Our project investigates the
application of so-called nonstandard finite-difference schemes for several model nonlinear and
linear PDE’s and associated ODE’s. The major goal is to build into the discrete representation of
a given PDE as many of the properties as possible as exists for the original PDE. The purpose
being the elimination of numerical instabilities, i.e., solutions to the discrete equations that do
not correspond to any solution of the PDE. Results are presented on the application of these
methods to the Burgers, Fisher, time-dependent and time-independent Schrédinger equations,
and several other nonlinear PDE.

Phone: (404) 880-6923
FAX: (404) 880-6258
Tech. Monitor: John Goodrich Phone: (216) 433-5922
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Design, Construction and Testing of Flows Through Combustor inlets

Cyril B. Okhio Sy ?f/ ,

Clark Atlanta University - . \
James P. Brawley Drive, SW o ) BE

Atlanta, Georgia 30314 P 2.5 O A/é"y

ABSTRACT Qqﬁ // 4/ /'7a(10 /

An experimental design study of subsonic flow through inlets, nozzles and curved w.
annular diffusers have been initiated. This study is being conducted to establish the most
pertinent design parameters and hence performance characteristics for such devices, and the
implications of their application in the design of engine components in the aerospace industry.
The diffuser study is being tailored to reproduce performance characteristics which would
enable designers of similar components to make good choice decisions without the need for
additional experimentation. The experimental work involves the application of Computer Aided
Design (CAD) software tool to the development of a plausible annular diffuser geometry and
inlet tube combination. Five experimental run segments have been completed so far during
FYs-95/96 involving flow visualization and quantitative flow estimates. Further investigations are
continuing including the applications of Laser Light Sheet and 2D LDV system for qualitative
analysis. The perfommance of diffusers based on pressure recovery coefficient has been
demonstrated to be less superior to the kinetic energy dissipation approach, consequently, this
effort would implement diffuser performance evaluation based on dissipated mechanical
energy. The application of the discretized, full Navier Stokes and Continuity equations to the
numerical study of the diffuser problem described above for the time-mean flow has now begun
using NASA’'s NPARC CFD Code on SGI-IMPACT workstations. One of the objectives of this
numerical work is to develop tutorial templates which can be used to bring new users of the
code on board and to demonstrate its capability for general acceptability. We would attempt to
predict the flow through curved wall diffusers first and then proceed to predict the influence of
such Diffuser outflow on combustor tube inlets.

Phone: (404) 880-6915
FAX: (404) 880-6172
Tech. Monitor: Bob Tacina Phone: (216) 433-3588

19



6”“ — Y e
)2 n)»,) .

LeRC HBCs CONFERENCE
Turbulent Premixed Methane-Air Combustion
Clark Atlanta University

223 James P. Brawley Drive, SW
Q } Atlanta, Georgia 30314
» ¢

c;? Ci* 3 i d i;/ Yaw D. Yeboah, LaShanda James, and Tamara Gray

ABSTRACT

The study is enhancing the understanding of turbulent premixed combustion by
establishing the effects of flow rate, fuel/air ratio and the presence of chlorinated hydrocarbons
on the emissions and flow structure of a methane-air premixed combustor. The use of particle
image velocimetry (PIV) to establish flow velocity distribution, streamlines and vorticity within a
flame during combustion is being attempted, for the first time, in this study. Results on the effects
of the process variables on emissions (CO, CO,, NO,, total unburned hydrocarbons, etc.) will be
presented and discussed. The flow structure of cold flow (no flame) and hot flow experiments
will be presented. Interference of the combustion flame on the imaging of the seed particles
continues to be a major challenge which is being addressed. Steps being taken to overcome this
challenge will be discussed. The project continues to provide immense exposure, training and
education to students in the areas of combustion fundamentals and diagnostics and the thermal
sciences (thermodynamics, heat and mass transfer and fluid mechanics).
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ABSTRACT /_/) /

The need for a reliable, inexpensive technology for small-scale space power applications

where photovoltaic or chemical battery approaches are not feasible has prompted renewed
interest in high-efficiency radioisotope-based energy conversion devices. Although a number of
devices have been developed using a variety of semiconductors, the single most limiting factor
remains the overall lifetime of the radioisotope battery. Recent advances in the growth of very
wide bandgap semiconductors may provide the means to solve the device lifetime problem, as
the stronger bond strength suggests a greater degree of radiation resistance. In this
presentation, the development of a new type of plasma-enhanced laser deposition system for
the growth of very wide bandgap nitride-based semiconductors will be discussed, and initial
deposition results will be presented.
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ABSTRACT 9 25, y /

A technique is introduced to view directly and to verify the spacing in a Bragg diffraction
grating. This technique can be applied whether a Bragg fiber grating is being written in the
transverse mode or with use of a phase mask, thus allowing the experimenter to preview the
wavelength spacing in the Bragg filter and record it onto a photographic plate. Once the image
has been recorded onto the film, the actual Bragg spacing can then be confirmed for
consistency by analysis of the film image. Currently, the common method to determine the .
wavelength spacing is to first write the grating in the fiber and then wavelength scan the fiber for
the resonance peak. This write-then-scan procedure works well for verifying that a grating has
actually been written to the fiber and for establishing the resonance wavelength, but is inefficient
and ineffective for previewing the Bragg resonance.
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ABSTRACT =9/ 267 10/

Recently, Bragg gratings fabricated with a diffractive optical elements or phase masks
have become of great interest to both researchers and the telecommunications industry. These
phase masks are produced by photolithographic and other processes and have periodic grating
structures etched into the surface of a silica based substrate. This paper reports an investigation
of the defects observed in phase masks used to produce Bragg reflection gratings in D-shaped
optical fibers and in custom made and telecommunication grade cylindrical optical fibers.
Results are also compared with fibers written using the transverse holographic technique.
Phase masks with pitches of 0.566 um, 0.896 pm, and 1.059 um were used. In addition, for
comparison, transverse writing of a Bragg grating was performed using a frequency doubled
argon-ion laser operating at the UV wavelength of 244nm and set to correspond to the 0.566 um
pitch phase mask. The results of these experiments along with a recently developed theoretical
model are discussed.
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ABSTRACT

As a part of NASA Grant NAG3-1445, we developed alternate control strategies for a
class of expendable launch vehicles. Included in these altematives to the classical
proportional-integral-derivative (PID) control implemented in the autopilot control of several
contemporary launch vehicles, were the application of modern optimal control theory (linear
quadratic regulator-LQR/linear quadratic Gaussian-LQG) together with techniques to guarantee
robustness such as the loop transfer recovery (LTR). Robustness is a particular issue in the
case of the autopilot control of launch vehicles due to the large number of plant and control
parameters which may be subjected to considerable variations from their nominal values under
flight conditions. The flight profile of a typical launch vehicle is subjected to a large number of
disturbances (due to aerodynamic loading, wind gusts, etc.). At the same time, the performance
of the system must be maintained to some acceptable level; in other words a compromise
between robustness and performance must be maintained in the design of any robust control
system. Recently our group has obtained some success in the design of a reduced order H_
robust controller which must function in the presence of various parametric uncertainties and
disturbances in flight. The mathematical closed-loop modeis of the dynamics of a flexible launch
vehicle including the effects of fuel slosh in the various stages are characterized by a large
number of degrees of freedom. Robust control strategies using either LQG/LTR or H_ techniques
have shown some advantages in system performance as compared with the classical PID, in
terms of reduction in transient times, maximum control effort (nozzle gimble angle), and
reduction in high frequency oscillation overshoots. However, it is doubtful that such control
strategies could be implemented with current state-of-the art on-board flight computers due to
capacity limitations. It is therefore, necessary to design robust reduced order control strategies
that can be implemented with current flight computational hardware but can also function in the
original higher order system space. At present our group has successfully designed a robust
reduced order H_ controller based on only a fifth order system plant which shows superior
performance as compared with the PID according to our 2-D simulation results. In the last six
months we have sucessfully implemented the H_ robust autopilot control logic into the 3-D
EASY5-Dynamics and Control Systems Branch (EDAD 7710) launch vehicle simulation at
NASA Lewis. The results indicate that a stable reduced order H_ robust controller can be
designed with a suitable compromise between robustness and performance.
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Numerical results pertaining to cyclic melting and freezing of the eutectic mixture
LiF-CaF, in solar heat receivers are presented. Specifically, a physical and numerical model of
the solar heat receiver component of NASA LeRC’s Ground Test Demonstration (GTD) project is
developed and results compared with available GTD experimental data. Multipli-conjugate’
effects such as the convective flow of a low-Prandtl-number fluid, coupled with thermal
conduction in the phase change material (PCM), containment tube, and working fluid conduit,
are accounted for in the model. A two-band thermal radiation model is also built-in (including
aperture and receiver shell losses). The cyclic nature of the present melt/freeze problem is
relevant to solar dynamic (SD) systems employing latent heat thermal energy storage (LHTES)
to power solar Brayton engines in microgravity environments. The computer code HOTTube is
used to generate results for comparisons with GTD experimental data in the balanced orbit
mode for both the subcooled and two-phase regimes. Results are reported in the form of
maximum and average canister surface temperatures, and receiver gas exit temperatures, all as
a function of insolation level and TAC operating speed (via an equivalent gas mass flow rate). In
addition, the instantaneous first law energy stored in the receiver is quantified as a precursor to
predicting the so-called thermal state-of-charge (SOC) of the solar heat receiver. Knowledge of
the SOC allows for better control strategies relating to power management schemes during such
operations as peak power demand and emergency shutdowns with subsequent restarts.
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ABSTRACT

Microgravity phenomena are specially susceptible to even small perturbations and
therefore nonintrusive diagnostic techniques are of paramount importance for successful
understanding of reduced-gravity combustion phenomena. Our approach is to use the
Laser-Induced Fluorescence (LIF) technique as a nonintrusive diagnostic tool for the study of
combustion-associated free radicals and use the concomitant optogalvanic transitions to
accomplish precise calibration of the laser wavelengths used for recording the excitation spectra
of transient molecular species. In attempting to perform spectroscopic measurements on
chemical intermediates, we have used conventional laser sources as well as new and novel
platforms employing rare-earth doped solid-state lasers. For example, free radicals, such as
hydroxyl (OH) and alkoxy (RO; R=CH,, C,H,), are important chemical intermediates in many
combustion processes. Ethoxy (C,H,O), for example, is an important alkoxy radical produced in
combustion and oxidation processes involving hydrocarbons. We have performed an extensive
laser excitation study of the revibrationally cold ethoxy radical. Seven molecular vibrational
frequencies have been determined for the excited B 2A’ state and eight frequencies for the
ground state X 2A”. In addition, vibrational and anharmonic constants for the C-O stretch mode
have been determined via least-square fits for both electronic states. We have also studied the
chemical kinetics of the methoxy (CH,O) free radical in presence of nitrogen dioxide (NO,)
employing time-resolved LIF-spectroscopy. The concentration depletion of the methoxy free
radical was monitored by variations in LIF-intensity and a Stern-Volmer plot provided the
reaction rate constant k = 5.918x107'2 cm¥molecule.sec at room temperature. Measurements
were also conducted at higher temperatures (up to 200 °C), and the activation energy of the
reaction between methoxy and nitrogen dioxide was determined to be E, = —4.876 kJ/mol. In
connection with LIF spectroscopy experiments, precise wavelength calibration of the tunable
lasers used is very important. The laser-assisted optogalvanic (LOG) effect provides a good
solution for existing wavelength calibration inadequacies in the visible and near UV regions of
the electromagnetic spectrum.We have conducted a detailed study of OG-transitions using a
commercial Fe-Ne hollow cathode lamp, especially in the wavelength ranges 291-317 nm and
607-662 nm. More than 167 OG-spectral lines have been recorded in these two wavelength
regimes, of which sixty have been successfully assigned to neon atomic transitions. It is
envisioned that the laser spectroscopic and the associated optogalvanic investigations will prove
of value for the elucidation of both normal gravity and microgravity combustion phenomena.
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ABSTRACT :

Howard University, under the auspices of the Center for Energy Systems and Controls
runs the Energy Expert Systems Institute (EESI) summer outreach program for high school/
pre-college minority students. The main objectives are to introduce pre-college minority students
to research in the power industry using modern state-of-the-art technology such as Expert
Systems, Fuzzy Logic and Artificial Neural Networks, to involve minority students in space’
power management, systems and failure diagnoisis, to generate interest in career options in
electrical engineering; and to experience problem solving in a teamwork environment consisting
of faculty, senior research associates and graduate students. For five weeks, the students are
exposed not only to the exciting experience of college life, but also to the inspiring field of
engineering, especially electrical engineering. The program consists of lectures and projects in
the fundamentals of engineering, probability and statistics, cost benefit analysis, communication
skills and computer skills. Field trips to special places of interest included NASA Goddard Space
Center and The Smithsonian Institute were also part of the EESI program. The students are
exposed to mini and major projects. Topics for the 1996 mini-projects were Bus ride for data
gathering for Load Forcecasting for Electric Vehicle, Expert Systems for The Electric Bus and
Faults in Typical Household Appliances. Topics for the major projects included Hybrid Electric
Vehicle, Solar Dynamics and Cost Benefit Analysis of Transportation Systems. On the final day,
designated as “EESI Day’, the students performed oral group presentations of their projects,
and prizes were awarded to the best group. Since its inception in 1993, more than fifty
participants from all over the world have benefited from the program. Our post-program survey
conducted in 1996 indicates that nearly 85% of the participants are now in college studying
engineering related disciplines. This progam is greatly valued and sought after by the community
at large, as evidenced by the large number of applicants whenever the program is advertised.
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ABSTRACT

The power system operator’s need for a reliable power delivery system calls for a real-time
or near-real-time Al-based fault diagnosis tool. Such a tool enables NASA ground controllers
with the ability to re-establish a normal or near-normal degraded operating state of the EPS (a
DC power system) for Space Station Alpha. This is achieved by isolating the faulted branches
and loads of the system, thus allowing safe re-energization of those healthy branches and loads.
A proposed solution involves using the Fault Dignosis Intelligent System (FDIS) to perform
near-real time fault diagnosis of Alpha’s EPS by downloading power transient telemetry at
fault-time from onboard data loggers. FDIS is an artifical intelligence tool comprised of forty
parallel ANNs (using a clustering algorithm) agumented with a Wavelet transform feature
extractor, and an expert sytem. This architecture not only enables this system to perform pattern
recognition of the power transient signatures under noisy telemetry conditions, but also
provides diagnosis of the fault type and its location, down to the orbital replaceable unit with very
high accuracy levels. FDIS has been tested using a simulation of the LERC Testbed Space
Station Freedom configuration including the topology from DDCU’s to the electrical loads
attached to the TPDU’s. FDIS will work in conjunction with the Power Management Load Sched-
uler to determine what the state of the system was at the time of the fault condition. This infor-
mation is used to activate the appropriate dignostic section and to refine, if necessary, the
solution obtained. It is concluded from the present studies that Al diagnostic abilities are
improved with the implementation of the parallel ANN Clustering Algorithm/Wavelet transform
pair, and expert system. The benefit of these studies provides NASA with the ability to quickly
restore the operating status of a space station from a critical state to a safe degraded mode,
thereby saving costs in experimentation rescheduling, fault diagnostics, and prevention of
loss-of-life. Further, this research can be extended to other NASA projects such as Solar
Dynamics.
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ABSTRACT "

In the new competitive power environment, buy/sell decision support systems are to find
economic ways to serve critical loads with limited sources under different uncertainties, such as
line loss or unit loss. The limited energy sources and their costs, network transfer capabilities
significantly affect decision making. Current work in this area includes (1) time dependent
system congestion and capability analysis, (2) time dependent optimal allocation of power
sources under different load demands, and (3) cost based generation rescheduling scheme to
eliminate system congestion. In this study, initial work on power system congestion analysis was
conducted using power flow approach. Several system performance indices were developed to
evaluate the degree of system congestion. These performance indices include both a circuit
overload index and a system voltage problem index. Sensitivity analysis approach was used to
identify dominant factors ieading to system congestion. Based on this study, the costs of
different service schemes will be determined. The information will help market players to make
their biding decisions. The proposed approach will be tested on both terrestrial and aerospace
power system. Simulation studies will identify system congestion and transfer capability for
different generation scedules and load levels at different periods of time.
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ABSTRACT

Industries and university partners from all over the country are teaming to participate in
the New Millenium Program (NMP) in order to develop and demonstrate the breakthrough
technologies for low cost space science missions for the 21-century. The aim of the NMP is to
develop and implement new technologies such as innovative architectures and devices that will
enhance capabilities and reduce mission costs. This will lead to reductions in spacecraft size
and mass, launch vehicle size and overall system monitoring. The diminutive spacecraft will
possess high levels of autonomy allowing extra navigational precision. In this study five
candidate power system architectures for small spacecrafts were compared based on such
attributes like mass, energy consumed, reliability and cost. Our preliminary calculations
identified the most optimal architectures as architecture 1 and architecture 5. Futhermore
software programs have been developed for the evaluation of the above atiributes in Visual
Basic which gives results for mass, reliability, energy consumed and cost the provided the
appropriate inputs are provided. The five architectures IV charateristics are being simulated on a
software package called SPICE. This will yield system performance based on various fault

" studies conducted on the EPS. Our goal is to identify optimum architectures as a function of
aforementioned attributes, as well as the ability to correctly locate and isolate a system fault
using Al.
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ABSTRACT

More recently, Artificial Neural Network (ANN) techniques have been used to solve fault
diagnosis problems in power system. The use of neural network based scheme for fault detec-
tion and classification is only in its first stage. In these works, a pre-processing of fault signals by
Fast Fourier Transform (FFT) is used. It is a two stage process The first stage is feature
extraction, the second stage is the training of ANN. The disadvantages of this scheme are (1)
The procedure may be time consuming, and (2) FFT technique can be applied with success to
steady state phenomena but short-time events require different mathematical tools to aid the
analysis. Wavelet transform (WT) shows promise for both signal (or image) representation and
classification. It has been successfully used in many areas such as optical computation,
seismics, acoustics, and mechanical vibrations. The representation and classification both can
be viewed as feature extraction problems in which the goal is to find a set of daughter wavelets
that either best represent the signal or best separate various signial classes in the resulting
feature space. For these applications, wavelet analysis overcomes the limitations of Fourier
method by employing analysis functions that are local both in time and frequency and allows the
convenient representation and classification of duration signals. Recently, several papers have
been presented for power system transient signal analysis. These works focused on the repre-
sentation of transient signal. An optimization procedure is needed for the calculations of wavelet
transform coeffcients (a;, b). This procedure may be time consuming. On the other hand, the
best set of wavelets for representation will not necessarily be the same as the best set for
classification. As a new tool, wavelets have not been applied to the classification problem of
aerospace power system fault diagnosis and controls. In this paper, we discuss how wavelet
transform, coefficients can be adaptively computed in the training stage of ANN. Each daughter
wavelet is represented by a weight front input layer to first hidden layer. The neurons of the first
hidden layer differ from the neuron of other hidden layers. The inspiration functions of neurons in
first hidden layer are linear functions, so that the first hidden layer introduced for wavelet
transform can be compressed to the second layer. The wavelet transform coefficients are
automatically computed in the training stage of neural network. This neural network adaptive
wavelet scheme is applied to the fault diagnosis of space station power system. The proposed
scheme is tested on a space station power system, simulation results show that the proposed
method is very efficient for the identification of the distribution system faults at different locations.
The misclassification band for most faults is about 10% -15% line length from the sending end
bus.
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The control system of the Hybrid Electric Vehicle (HEV) must determine the optimal
power management to meet a given load demand for different weather and road conditions for a
specific route. The optimal management of available sources of energy (batteries, capacitors
etc.) can be achieved by forecasting the load demand as accurate as possible. Consequently,
the importance of load forecasting arises. The primary motivation for this Forecaster emanates
from providing a decision support system to the electric bus operators in the municipal and
urban localities which will guide the operators to maintain an optimal compromise among the
noise level, pollution level, fuel usage etc. It is expected that such a decision support system
would also be useful to other transport modes like metro rail services and even electrical
two-wheelers. Several techniques were used for load forecasting which can be divided into two
groups, the first group contains traditional algorithmic techniques which includes regression and
time series methods and the second group includes advanced techniques using Artificial Neural
Network (ANN). The benefit of using ANN over algorithmic approaches lies in its capability to
perform non-linear modeling and adaptation. Furthermore it does not require the assumption of
any function that relates the input variables to the output variables. This becomes useful for
predicting load trajectory for HEV. The paper discusses the design and implementation
methodology of the ANN based load forecasting module. It exploits retrained network that
adapts changes in road, weather and other practical condition. In building our forecaster, some
statistical analysis have been found to be very helpful in determining which variables have
significant influence on the system load such as historical loads. Weather temperature, Wind
effects, resistive forces and Time of the day, other variables, can be considered as an input such
as humidity as an example but their effect on the load is not significant. The testing process
covers different times of the day at different loading conditions the results were promising
especially with accurate collected data. Thirty Training patterns were used to train our proposed
ANN based load forecaster for HEV. In order to avoid the number of training process to update
the network weights and thresholds for changes in the Input variables, a large number of training
data is used in the training process so that only few patterns may be needed for updating the
network weights and thresholds when it is hecessary. In order to control the amount of the
database needed for the training process some control variables are not included as input
variables to the network such as lighting and heating or air conditioning loads since they are
approximately constant.
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ABSTRACT N

The object of this research is to develop new methodology to solve a system of nonlinear
coupled initial-valued ordinary differential equations obtained through spatial discretization of the
equations governing nonlinear structural vibrations. A feasibility study, begun as part of a grant
on ELV modeling and analysis, suggested that sensitivity analysis methods, particularly
eigensensitivity analysis, are extremely promising for polynomial type nonlinearities. Thus,
attention has primarily been focused on the multiple degree-of-freedom Duffing problem of the
form M d2X/dt2 + K X + £ N(X) X = 0, where M and K are known matrices, and N is a matrix
whose elements are known quadratic functions of the components of the response vector X. The
method consists in first transforming the Duffing equations into an algebraic nonlinear eigen-
value equation with multiple eigenvalues. If the response of the system is known to be periodic,
then an expansion of X in a Fourier Series with an unknown frequency (eigenvalue) in conjunc-
tion with the Galerkin method leads to the desired nonlinear eigenvalue equation. If the
response is not periodic, perturbation theory is employed in order to suggest a basis suitable for
transforming the differential equations into a nonlinear eigenvalue equation. The matrices in the
eigenvalue equation are decomposed into diagonal and off-diagonal components, and
eigensensitivity analysis is used to determine a solution for the eigenvalues and eigenvectors in
a series about the off-diagonal matrix elements. Ongoing research issues center around the
procedure for transforming the differential equations into a discrete eigenvalue problem. Current
indications are that the eigensensitivity method almost always yields excellent approximate
solutions to the discrete eigenvalue problem. Our remaining task is to develop a discretization
procedure that is equally accurate at predicting the response of the equations of motion.
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This work presents a learning Architecture for identification and control of non-linear
induction motor dynamics with unknown parameters. The control architecture includes a neural
network for identification, and another for control. The neural identifier estimates the unknown
nonlinear parameters of the induction motor in real time, while the neural controller adaptively
adjusts the rotor speed of the motor to follow a predetermined reference track. The role of the
neural identifier is to learn the mapping of the closed-loop system dynamics under different
operating conditions. The control and identification parameters are adjusted simultaneously in
real-time using a dynamic learning algorithm. Both identification and control are carried out at
pre-specified (and possibly different) time intervals, as the system is in operation. The proposed
architecture adapts and generalizes its learning to a wide variety of loads and in addition pro-
vides the necessary abstraction when measurements are contaminated with noise. Extensive
simulations reveal that neural designs are effective means of system identification and control
for time-varying nonlinear systems, in the presence of uncertainty. The difficulties addressed by
this work include incomplete system knowledge, nonlinearity, noise, and delays.
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Object-oriented analysis and design technique is used to develop a software model for '
the rocket engine numerical simulator (RENS) executive. Object-oriented decomposition results
in smaller system through the reuse of a common mechanism. Object-oriented design is more
resilient to change and can be developed over time. An object-oriented project for the RENS will
be iterative and incremental. The procedure for (RENS) will involve successive refinement of an
objected-oriented architecture over each release to the next iteration of analysis and design. It is
incremental in the sense that each pass of (RENS) an analysis and design cycle will lead to
gradual refinement. Booch’s notation is used for developing the model. The software model is
constructed using Rumbagaugh’s technique. An object model of the (RENS) is constructed. In
this model classes, attributes of the objects, and association between the diffrent class is
established. Rational Rose Software is used to draw the graph.

ABSTRACT

Phone: (601) 973-3668
FAX: (601) 968-2478
Tech. Monitor: Donald Noga Phone: (216) 433-2388

35



P28

L.eRC HBCUs CONFERENCE
Conservation/Solution Element Methods for Second Order Linear Problems

John Adeyeye, Naguib Attia, Joy Jackson, and Timothy Hunter

Johnson C. Smith University : Y ey
100 Beatties Ford Road P PG f;?’
Charlotte, North Carolina 28216 s / / ?:) sf

ABSTRACT P s iy, A
& i ! gt y; #
The Conservation/Solution Element Method applied to a second{ order linear problem
presents unusual challenges compared to standard methods. A large number of unknowns are
introduced on each cell, consequently we must find more equations to obtain a fully determined
system. Even for simple rectangular geometries, we lose symmetry and positivity of the resulting
matrix. Using third order Taylor expansion for the scalar unknowns, reducing the second order
linear problem to first order systems, introducing dipole moment equations, and cell interface
continuity requirements lead to a severely ill - conditioned system. We investigate alternative
methods of balancing the resulting linear system without imposing too many unnatural or
redundant equations or continuity requirements. As much as possible, we limit ourselves to the
most fundamental concept of the method - conservation on cells and flux balance across
interfaces. To do this, we develop a set of equations by choosing conservation elements that
coincide with solution elements. More equations are developed using conservation elements
that do not coincide with solution elements, but are staggered.
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J. Lang, J. Sankar, and A.D. Kelkar 5

ol

North Carolina A&T State University
Greensboro, North Carolina 27411

R.T. Bhatt and M. Singh
NASA Lewis Research Center
Cleveland, Ohio 44135

and

J.Lua
Engineering Technical Center
Greensboro, North Carolina 27411

ABSTRACT

The desirable properties in ceramic matrix composites (CMCs), such as high
temperature strength, corrosion resistance, high toughness, low density, or good creep
resistance have led to increased use of CMCs in high-speed engine structural components and
structures that operate in extreme temperature and hostile aero-thermo-chemical environments.
Ceramic matrix composites have been chosen for turbine material in the design of 21st-century
civil propulsion systems to achieve high fuel economy, improved reliability, extended life, and
reduced cost. Most commercial CMCs are manufactured using a chemical vapor infiltration (CVI)
process. However, a lower cost fabrication known as melt-infiltration process is also providing
CMCs marked for use in hot sections of high-speed civil transports. The scope of this paper is to
report on the material and mechanical characterization of the CMCs subjected to this process
and to predict the behavior through an analytical model. An investigation of the SiC/SiC
8-harness woven composite is ongoing and its tensile strength and fatigue behavior is being
characterized for room and elevated temperatures. The investigation is being conducted at
below and above the matrix cracking stress once these parameters are identified. Fractography
and light microscopy results are being studied to characterize the failure modes resulting from
pure uniaxial loading. A numerical model is also being developed to predict the laminate
properties by using the constituent material properties and tow undulation.
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The goal of the research project is to contribute to the optimized design of fan bypass
systems in advanced turbofan engines such as the Advanced Ducted Propulsors (ADP). The
immediate objective is to perform numerical simulation of duct-strut interactions to elucidate the
loss mechanisms associated with this configuration that is characteristic of ADP. These
numerical simulations would complement an experimental study being undertaken at Purdue
University. As the first step in the process, a numerical study of wing-body junction flow is being
undertaken as it shares a number of characteristics with the duct-strut interaction flow. The
experimental data from Kubendran et al. (AIAA Journal, Vol. 24, No. 9, pp. 1447-1452, Sep.
1986) are being used for comparison. The code NPARC is used for numerical simulations. Grids
for the simulation have been generated using a multisurface algorithm. Results obtained so far
are presented and discussed.
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We propose to address the critical technology issues related to the implementation of
Brillouin active fiber sensors in smart structures. Extensive exploratory work has been com-
pleted in assessing the adequacy of employing simultaneous stimulated Brillouin Scattering
(sBs) and the resonant Guided Acoustic Wave Brillouin Scattering (GAWBS) mechanisms in
singlemode optical fibers for sensing fiber parameter and ambient variations. Initial success has
led to the initiation of studies in sBs suppression and enhancement in sensing for temperature
and strain based on sBs shift and threshold sensitivity to these measurands. Work is also
ongoing in assessing GAWBS as an auxiliary backup sensor, and as a fiber self checking tool
for health. Fiber sensor optimization will lead to special fiber design for specific sensing
applications. Issues of fiber bonding to and embedding in structures in normal and harsh
environments must be addressed. Data retrieval from multiple and multipoint sensor arrays is an
essential step in practical sensor implementation. Fusion of fiber sensors to actuators, such as
shape memory alloy strands, and controls via artificial neural networks is also being examined.
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ABSTRACT

It has been demonstrated experimentally that a coaxially-fed rectangular patch antenna
with U-shaped slot has an impedance bandwidth of around 30% and a gain 2-3 dB higher than
the regular patch without the slot. These characteristics were achieved without the use of
parasitic patches. It is proposed that a microstrip antenna array be developed using the
U-shaped slot patch as the antenna element. It is anticipated that the new design is superior to
current designs using stacked parasitic patches because it is lighter in weight and thinner in
profile. In the original proposal, both theoretical and experimental investigation of the antenna
were proposed. This renewal proposal is for the continuation of the theoretical investigation of
the antenna only due to the budget constrains. A computer code based on finite-element
time-domain (FDTD) method for designing the antenna is being developed at Prairie View A&M
University. The computer program is written in C. It targets the single U-slot patch antenna and
has about 2000 lines. After its validation, it will be refined with more meshes and another
program for stacked antenna will also be developed based on the current program. When
completed, these simulation programs will be used to fully investigate the characteristics of the
U-slot microstrip antenna, such as effect of substrate material, patch width among others to the
antenna performance at central different frequencies.
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ABSTRACT

The primary objective of this project is to use advanced communications technology to
positively influence the energy infrastructures of developing countries. Photovoltaic (PV)
systems can help meet the need for electrical energy in rural communities. However, a major
challenge is the lack of indigenous personnel with a working knowledge of PV systems and the
associated skills required to maintain proper system operation. Distance education can provide
information on operation and maintenance of photovoltaic systems, but time must be allowed for
the learning curve before proficiency is achieved. Implementation of supervisory control and
data acquisition (SCADA) networks for monitoring and controlling PV systems can accelerate
and enhance this process. The Advanced Communications Technology Satellite (ACTS)
provides the opportunity to develop this technology using ultra small aperture terminal (USAT)
ground stations and Ka band transmissions. With antenna diameters of 35 cm, these USATs are
very portable making them ideal for remote locations. This presentation will describe the
experimental design of a technology verification experiment (TVE) which will take place in
Spring of 1997. Two USAT ground stations spaced an optimum distance apart will be located in
the fixed ACTS Tampa/Orlando beam. These will comprise the remote terminal units of the
SCADA network. The hub will be the Link Evaluation Terminal (LET) in Cleveland. USAT ground
stations will be characterized with respect to signal attenuation as it relates to link availability.
Because rain is the greatest contributor to Ka band signal attenuation, Florida, with its
subtropical rainfall, provides an ideal climate for these tests. Four issues will be addressed in the
experimental design; diversity as a method of rain fade compensation, signal depolarization
during rain events, bit-error rate using code division multiple access (CDMA) modulation, and
transponder isolation of the beam-forming-network signal.
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In this paper, we develop a set of nonlinear partial differential equations, using fluid
mechanics, to predict axial compression system instabilities: rotating stall and surge, in the
presence of inlet distortion. With mode truncation, it is possible to reduce these equations to
ordinary differential equations. Bifurcation analysis is then performed to study the types and
regions of instabilities due to parameter changes.
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Study of melting of dispersed or packed solid particles in a fluid under gravity and
microgravity conditions provides benchmark information for many engineering applications such
as material processing, environmental assessment and protection and space fire protection.
During such processes, packed or dispersed solid particles are interacting with fluid flow at
above-melting temperatures. A mathematical model is presented for convective melting of a
granular porous medium (packed bed) saturated with liquid. Initially, the packed bed consists of
solid grains and it is saturated with still liquid. The downstream interface of the packed bed with
the liquid is fixed. As the liquid flows through the bed, the solid grains within the bed are melting.
As a result, the volume of the packed bed reduces and as solid particles are moving, repacking
of the bed occurs. The mathematical model includes mass, energy, and momentum balance
equations for the liquid and solid phases. For the liquid phase, we consider the conservation
equations for the mass, energy, momentum. The effect of inter-particle conduction is considered
through the effect of the Biot number on the effective heat transfer coefficient. The motion of the
solid particles is described by a velocity distribution within the packed bed with respect to the
upstream interface between liquid and the packed bed. The semi-empirical velocity distribution is
deduced from experimental data. The repacking of the bed is considered through a compaction
equation for the number of grains per unit volume. The descrease in the average characteristic
dimension of a solid particle is estimated based on geometrical considerations. To validate our
numerical model important quantitative parameters such as the total melting time for the entire
packed bed and the melting front velocity are compared against experimental results.
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When a porous medium, saturated with a liquid flow, undergoes a deforming or phase
change process for the solid phase, the prediction of heat transfer and flow characteristics
becomes more complicated because of variable effective properties. One of such properties is
the effective thermal conductivity, which is not only a function of local porosity but also affected
by the local surface geometry of the patrticle. It has been observed that under dynamic flow
conditions, non-thermodynamic equilibrium exists near flow-particle interface, the local
geometry exhibits a random fashion that might be described by fractal dimenisons. In this study,
analytical correlations are derived for the effective thermal conductivity of Granular Porous
Media (GPM). The deforming GPM is composed by semicircular ice particles. It is intended,
however, that the analytical procedure presented can be apply to any type of deforming GPM.
Conduction heat transfer effects in the GPM are considered with a Representative Unit Cell
(RUC), which is used to describe the geometrical properties of the porous medium. Pictures of
the cross-section of melting GPM under different degrees of thermal non-equilibrium are
processed to provide digital data for measuring local fractal dimensions. Local fractal
dimensions are next used to determine an equivalent Representative Unit Cell (RUC) for the
particular case of the granular media considered. Finally, an analysis of heat conduction at the
RUC level provides an analytical expression for the effective heat transfer coefficient. Resuits
are presented for upper bound and lower bound values of effective thermal conductivity as a
function of thermal conductivity ratio of solid to fiuid. It is shown that the model prediction from
this study agrees better with experimental results compared with existing models.
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Various models have been proposed to predict the key parameters in macroscopic
transport phenomena occurring in phase change porous media. Due to the complex interaction
among the physical quantities involved in these phenomena, it is necessary to conduct
experimenal investigation to validate such numerical and analytical predictions. In this work
experiments are conducted to investigate the melting characteristics of a packed bed made of
ice particles with an initially uniform, semi-cylindrical shape. The bed is initially saturated with
still liquid. The downstream interface of the packed bed with the liquid is fixed. As the liquid
flows through the bed, each solid grain experiences a microscropic (particle dimension level)
melting process under a temperature and flow distribution. By employing an open test section,
the temperature profile of the melt can be determined by the use of an infrared camera. Two
configurations of packed beds are considered in this study: (a) forced-packed bed and (b)
free-packed bed. The solid grains are kept packed during melting only for the case of
forced-packed bed. For the case of free-packed bed, the solid grains are set free during the
melting process. Therefore, as grains melt, ice particles are dispersed. Experiments are
conducted for a given range of parameters, which include upstream melt temperature and
velocity. Important quantitative parameters such as the total melting time for the entire packed
bed and the melting front velocity are determined. The temporal geometric characteristics of the
melting packed bed are identified. It is found that there exists a transition Reynolds number
(defined based on the hydraulic diameter of the test section) beyond which the melting of the
packed bed is one-dimensional. It is expected that such transition should not exist under
microgravity testing condition, although the aniscopicity of particles may still lead to rotational
motion of particles even with the absence of gravity.
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An experimental study is described to measure low-energy (less than 500 eV) sputtering
yield of molybdenum with xenon ions using Rutherford Backscattering Spectrometry (RBS). This
work was initiated to quantify the erosion observed in long-duration tests of xenon ion thrusters.
An ion gun was used to generate the ion beam. The ion current density at the target surface was
approximately 30 pA/cm?. The sputtered material was collected on a thin aluminum strip which
was mounted on a semi-circular collector plate. A hole in the center of the collector plate and the
foil allowed the passage of the ion beam. The target was bombarded with 500 eV and 200 eV
xenon ions at normal incidence to deposit enough sputtered material on the aluminum foil. The
differential sputtering yield was measured using the RBS method with 1 MeV helium ions. The
backscattered helium ions were detected with a silicon surface-barrier detector at a scattering
angle of 155°. The helium ion beam was approximately 2 mm in diameter. The points along the
aluminum strip where the measurements were made were 2 mm apart. The differential yields
were fitted with a cosine fitting function and integrated with respect to the solid angle to provide
the total sputtering yield. The sputtering yields obtained in the RBS method are in reasonable
agreement with those measured by other researchers using different techniques.
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NASA funding of RITC is enabling Wilberforce University to provide significantly
improved learning opportunities to engineering and science students attending our school. This
is being accomplished in a number of ways including offering an intensive pre-freshman summer
experience, improving laboratory and computer facilities, encouraging involvement in research
projects and providing exposure to NASA Lewis’ scientists, engineers and other resources.
Those students who take advantage of WISE (Wilberforce Intensive Summer Experience) learn
to improve important skills which enable them to work at higher levels in mathematics, science
and engineering courses throughout their college careers. Laboratory and computer facilities
have been improved under this program through the acquisition of important laboratory
equipment, the establishment of new electronic and design laboratories and the purchase of
computers and software. These improvements, combined with significant changes in the
curriculum, have enabled Wilberforce to now offer degree programs in electrical engineering and
computer science and improved courses in other areas of science and mathematics. RITC has
also provided the opportunity for Wilberforce scientists and engineers to participate in
meaningful research both at Wilberforce and at NASA Lewis Research Center and to involve our
students in this work. The program has produced collaborations between NASA scientists and
Wilberforce faculty involving both teaching and research. Through the program, faculty have
collaborated on NASA research and NASA scientists have served as visiting professors at
Wilberforce. The resulting training in research techniques and the exposure to an advanced
research environment is very helpful to Wilberforce students as they transition to work and/or
graduate school. A final benefit of NASA sponsorship of RITC is that it is helping Wilberforce to
build the necessary infrastructure to attract additional funding for expanding our research and
educational activities.
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This project is part of a collaborative effort with Southern University ainaton Rouge
(SUBR), University of West Florida (UWF), and Jackson State University (JSU). The second-
year funding continues to support the principal investigator and two graduate student research
assistants. The stipend support for graduate students is important in the growth of the Master’s
program in Computer Science. The main goal is to assess parallelization requirements for the
Rocket Engine Numeric Simulator (RENS) project which, aside from gather information on
liquid-propelled rocket engines and setting forth requirements, involve large FORTRAN based
package at NASA Lewis Research Center. During the first year, the focus was on the Two-
Dimensional Kinetics (TDK) software which had been developed and documented, mostly on
VAX/VMS platforms using FORTRAN, during the period from 1986 to 1996. The activities
involved porting and reconfiguration on HU’s Sun network and Cray machines. This package
which consists of over 280 modules lacked clear, concise, and consistent documentation
because of the piecemeal nature of its development and revisions over a long period under
rapidly changing technological base. Although the portings were successful, various benchmark
results were shown in the final report, and several modules were translated into C language with
the ultimate aim of translation to C++, the package was too big and unwieldly for one graduate
assistant and the principal investigator. For the second year, it was decided that the focus be on
PUMPDES and TURBDES packages for designing rocket engine pumps and turbines. These
packages have less than 10 modules each and far superior documentation. They have already
been successfully ported and installed on Hampton University’s Sun local network using 77 and
a Cray YMP machine using cf77 under a software agreement between NASA and Hampton
University. As a result of the discussions involving new directions during RENS meeting in
Pensacola, Florida (January 16-17, 1997), the current thrust is close cooperation with similar
projects in the NPSS organization of LeRC for parallel execution of various FORTRAN based
engine design tools over local networks, NASA's intra-nets and, ultimately, the internet. Toward
this end, the P will be given access to the LACE clusters for experimenting with these ideas
involving remote access and executions. We are also exploring the possibility of C++ wrappers
around the existing FORTRAN based code, such as TURBDES/PUMPDES. The advantages are
software reuse, object-oriented re-design, and the Java option for browsing and execution over
the internet.
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x WHY IS COST IMPORTANT? /

IS OUR ONLY FISCAL MEASURE OF ACTUAL WORK
~o= ACCOMPLISHMENT. IT CAN BE UTILIZED BY MANAGEMENT
- TO EVALUATE THE EFFICIENCY & EFFECTIVENESS OF
BUDGET EXECUTION ON OUR PROGRAMS.

"\ WHAT DOES FORWARD FUNDING MEAN? /

IS EXPRESSED AS EITHER
FORWARD
FUNDING @ THE AMOUNT OF FUNDING THAT ONE'S PROGRAM
I —— OR CONTRACT WILL NOT "COST" DURING THE
CURRENT FISCAL YEAR. OR

@ THE PERIOD OF TIME THAT YOUR CONTRACT IS
FORWARD FUNDED INTO THE NEXT FISCAL YEAR.
(NOTE: RB's GUIDELINE IS THAT FORWARD FUNDING BE
LIMITED TO NO MORE THAN 2 MONTHS ON ALL OAST
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EXAMPLE OF POOR COST MANAGEMENT

IS

[ PR INITIATION]

100
REVIEW / APPROVAL | g .

[PROCESS IN ACCT ]
(COMMITMENT)

| PROCUREMENT |
SOLICITATION
EVALUATION
NEGOTIATION

CONTRACT / GRANT
[SIGNED OR AWARDED | /7

(OBLIGATION)

(COSTING) @
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FY 92 FY 93

« EARLY RTOP APPROVAL AND EARLY 506 RELEASE NEED TO TRANSLATE INTO EARLY
COMMITMENTS AND OBLIGATIONS

- YOU CAN'T COST FUNDS THAT ARE NOT OBLIGATED -- LATE FISCAL YEAR CONTRACT AWARDS
EQUATE TO MINIMAL COST
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EXAMPLE OF GOOD COST MANAGEMENT
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« EARLY PR INITIATION / COMMITEMNT
« TIMELY OBLIGATION / CONTRACT AWARD (BY MID-YEAR) .
« COSTING BEGINS IN TIME TO EFFECTIVELY USE THE BUDGETED FUNDS FOR CURRENT

YEAR RESEARCH WORK
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COST MANAGEMENT

& CHECKING ACCOUNT ANALOGY @

® CODE R POLICY ALLOWS 2 MONTHS OF FORWARD FUNDING

ON CONTRACTS (BEYOND 9/30) AND A CARRYOVER OF 30%
OF YOUR BUDGET ALLOCATION TO COVER EXPENDITURES
IN THE FOLLOWING FISCAL YEAR

@® HOW MANY MONTHS OF FORWARD FUNDING DO YOU
MAINTAIN IN YOUR PERSONAL CHECKING ACCOUNT?

® FLIGHT CENTERS AND MAJOR AGENCY PROGRAMS
OPERATE WITH LESS THAN 2 WEEKS OF FORWARD
FUNDING INTO THE FOLLOWING FISCAL YEAR

@® EXTERNAL AUDIT ORGANIZATIONS CAN'T UNDERSTAND
WHY WE ASK FOR FUNDS IN OUR BUDGET REQUEST THAT
WE WON'T SPEND IN THE CURRENT FISCAL YEAR.
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OFFICE OF EQUAL OPPORTUNITY PROGRAMS .
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Cost Management

* NASA MUREP

» At least 80% of funds should be costed by the end
of Federal fiscal year (September 30)

* NASA MUREP Grantees

* Incremental funding of large $ value grants or
cooperative agreements

e Minimize forward funding beyond 2 months into
the following fiscal year

* 100% of funds should be encumbered by the end
of the grant year; funds not encumbered will be
deducted from the first incremental funding,
actual carryover will be deducted from the second
incremental funding
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How Can | Improve My Program’s Cost
Performance

B RB Recommendations

@ Timelier initiation of procurements
- “Long leadtime” acquisitions (1st Qtr)
- Planning PR’s / initiations use while awaiting 506 (1st Qitr)
- Small purchases / off-the-shelf buys (2nd Qitr)
- Tasks on Support Service Contracts (1st Half of Year)

® Expanded use of “Incremental Funding” of Contracts
- Recommended 2 actions per year (1-1st Qtr; 2-Midyear)
- Avoid multiyear / 100% funding up-front scenarios
- Use incremental funding on major fixed-price contracts also

®  Limit forward funding on incrementally-funded contracts (or major tasks on Support
‘Service Contracts) to only one month

@ Implement a one-time adjustment to start dates on major grants / contracts that are
not incrementally funded (startup in 1st Qtr, NOT 4th Qtr)

® Ensuring that all legitimate accrued cost on your program is recorded in your
Center fiscal systems in a timely and accurate manner

® Base Budget Requests upon how much $ your program will be able to cost over the 12/1/97 -
12/1/98 time frame

Office of Aeronautics 228-Cost Mgmt. 10/8/96.EH

National Aeronautics and Space Administration
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RECOMMENDATION

SUBMIT ALL NECESSARY INFORMATION BILLING TO YOUR COLLEGE FINANCE,
ACCOUNTING, OR BILLING OFFICES ON A TIMELY BASIS (AT LEAST ONCE PER
MONTH).

INSURE THAT YOUR COLLEGE BILLING OFFICE SUBMITS REQUIRED BILLING
INFORMATION TO NASA LEWIS EACH MONTH SO THAT LEWIS MAY PROPERLY
REFLECT ACCURATE UP-TO-DATE COSTING ON YOUR HBCU GRANT.



Donald J. Campbell

Donald J. Campbell is Director of the National Aeronautics and Space Administration's Lewis
Research Center in Cleveland, Ohio. He was appointed to this position by NASA Administrator
Daniel Goldin on January 6, 1994.

As Director, Mr. Campbell is responsible for planning, organizing, and directing the activities
required to accomplish the missions assigned to the Center. Lewis is engaged in research,
technology, and systems development programs in aeronautical propulsion, space propulsion,
space power, and space sciences/applications. Campbell is responsible for the day-to-day
management of these programs, which involve an annual budget of approximately $1 billion, just
under 2800 civil service employees and 2000 support service contractors, and more than 500
specialized research facilities located near Cleveland Hopkins International Airport and at Plum
Brook Station in Sandusky, Ohio.

Campbell earned a bachelor's degree in mechanical engineering from Ohio Northern University,
a master's degree in mechanical engineering and did predoctoral work at Ohio State University.
He completed the Senior Executive Seminar in Management at Carnegie Mellon School of
Urban and Public Affairs and the Federal Executive Institute Executive Leadership program. He
also completed several senior management courses at Brookings Institute.

Campbell began his government career in 1960 as a test engineer for gas turbine engines and
engine components in the Air Force Aero Propulsion Laboratory, Wright-Patterson Air Force
Base, Ohio. He then worked as a project engineer and later as a program manager for advanced
airbreathing propulsion systems.

From February to July 1986, Campbell was assigned as an interim Directorate Chief during the
implementation of the National Aerospace Plane (NASP) Program Office, Wright-Patterson Air
Force Base. He was Acting Director of the NASP Technology Maturation Directorate. In 1987, he
became Acting Deputy Director of the Aero Propulsion Laboratory. In 1988, he was selected for
the rank of Senior Executive Service and was appointed Deputy Program Director for the Pro-
pulsion System Program Office, Aeronautical Systems Division. He was the senior civilian
executive for development and acquisition of new and derivative gas turbine engines for opera-
tional aircraft. In 1990, he was appointed Director of the Aero Propulsion and Power Laboratory.
He was responsible for the Air Force propulsion and power research and development in the
areas of gas turbine engines, ramjet engines, aerospace power systems, and fuels and lubri-
cants.

In 1992, he was named Director of Science and Technology, Office of the Assistant Secretary of
the Air Force for Acquisition, Washington, D.C. In this capacity he monitored the Air Force
Science and Technology program and other selected research, development, technology, and
engineering programs.

Campbell and his wife, Helen, have four children.
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Dr. Michael J. Salkind
President, Ohio Aerospace Institute

Michael Salkind was appointed President of the Ohio Aerospace Institute in January 1990. OAI
is a consortium of nine Ohio universities, private industry, NASA Lewis Research Center in
Cleveland, and Wright-Patterson Air Force Base in Dayton. Its mission is to facilitate collabora-
tion among industry, universities, and federal laboratories to enhance Ohio and U.S. economic
competitiveness through research, education, and technology adaptation.

Before his appointment, Dr. Salkind served as Director of Aerospace Sciences, Air Force Office
of Scientific Research, in Washington D.C. for 10 years. He was Chief of Structures at NASA
Headquarters in Washington, D.C. from 1976 to 1980. From 1964 to 1975, he was with United
Technologies Corporation as Chief of Advanced Metallurgy in their corporate research lab and
then Chief of Structures and Materials at the Sikorsky Aircraft Division. He received his
bachelor's and doctoral degrees in Materials Engineering from Rensselaer Polytechnic Institute
in Troy, New York.

A fellow of the American Association for the Advancement of Science and an evaluator for the
Accreditation Board for Engineering and Technology, he has published more than 40 articles

and a book entitled Applications of Composite Materials.

He has also served on the adjunct faculty of The Johns Hopkins University, University of Mary-
land, and Trinity College in Hartford, Connecticut.
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Dr. Julian M. Earls

Dr. Julian M. Earls, Deputy Director for Operations, NASA Lewis Research Center is a native of
Portsmouth, Virginia. He earned the Bachelor's Degree, with distinction, in Physics from Norfolk
State University; the Master’s Degree in Radiation Physics from the University of Rochester
School of Medicine; and the Doctorate Degree in Radiation Physics from the University of
Michigan. Also, he earned the equivalent of a second Master’s Degree in Environmental Health
from the University of Michigan and is a graduate of the Harvard Business School’s prestigious
Program for Management Development. He has received the NASA Medal for Exceptional
Achievement on two separate occasions.

He has 21 publications, both technical and educational. He has been Distinguished Honors
Visiting Professor at numerous universities throughout the Nation and is an adjunct faculty
member at Capital University, Columbus, Ohio. He was an adjunct faculty member at Cuyahoga
Community College in Cleveland, Ohio. He has served on the Visiting Committee and the Board
of Overseers at Case Western Reserve University, the Board of Trustees at Cuyahoga
Community College, and recently was appointed by the Governor of Ohio to serve on the newly
reconstructed Board of Trustees for Central State University.

Dr. Earls has received numerous honors for his community services. He has been designated
the Black College Graduate of Distinction by the National Urban League and has been honored
by Norfolk State University and the National Association for Equal Opportunity in Higher
Education. He was inducted into the inaugural class of the National Black College Alumni Hall of
Fame with such distinguished individuals as Dr. Martin Luther King, Jr. and Justice Thurgood
Marshall. Recently he was honored by being among the nine individuals included in the Strong
Men and Women; Excellence in Leadership Series by Virginia Power and North Carolina Power
Companies. Others who have been included in the Series were: Dr. Johnnetta Cole, President of
Spelman College; Henry Aaron, member Baseball Hall of Fame; Dr. John Hope Franklin, noted
historian; retired General Colin Powell; Michael Jordan, Chicago Bulls basketball star; and noted
poet, Maya Angelou. Dr. Earls is co-founder of the Development Fund for Black Students in
Science and Technology which awards scholarships to black students who major in technical
disciplines at Historically Black Colleges and Universities.

Dr. Earls is an avid runner and has run over 10,000 miles in the past five years. He has entered
and successfully completed 15 marathons, including the Boston Marathon. He is married to the
former Zenobia Gregory of Norfolk, Virginia, a Reading Curriculum Specialist in the Cleveland
School System. They have two sons. Julian, Jr., a neurologist, is a graduate of Howard Univer-
sity and Case Western Reserve University School of Medicine. Gregory, a cinematographer, is a
graduate of Norfolk State University and the American Film Institute in Hollywood, California.
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Dr. Sunil Dutta

Dr. Sunil Dutta is Program Manager for Small Disadvantaged Businesses (SDBs) at the National
Aeronautics and Space Administration's Lewis Research Center, Cleveland, Ohio. Appointed to
this position in 1992, he is responsible for implementing policies that ensure the Small Disad-
vantaged Businesses (SDBs) and Historically Black Colleges and Universities (HBCUs) are
encouraged and afforded and equitable opportunity to compete for NASA contracts and re-
search grants. The goal is to increase R&D contracts with SDBs and research grants with
HBCUs at Lewis Research Center. Before assuming the present position, his career has been
devoted to research and development of materials science and technology, particularly in the
area of processing, characterization, and mechanical behavior of high performance ceramics
and ceramics matrix composites, for heat engines and high speed civil fransport applications. In
addition, he monitored numerous R&D contracts and grants for more than 10 years as project/
program manager.

Dr. Dutta joined NASA Lewis Research Center in 1976 after 8 years at the U.S. Army Technol-
ogy Laboratory, Watertown, Massachusetts. Born in India, he received his B.Sc (Hons), and
M.S. from Calcutta University, and M.S. and Ph.D. from the University of Sheffield, England. He
also received an MBA degree from Babson College, Wellesley, Massachusetts.

Dr. Dutta has written more than 50 publications including 4 patents and 5 chapters in books.

He is a Fellow of the American Ceramic Society, and the Institute of Ceramics in England. He is
listed in American Men and Women in Science, Who's Who in Engineering, and Who's Who in
the United States.

Dr. Dutta was invited to Japan for one year as Nippon Steel Endowed Chair Visiting Full Profes-
sor, at the University of Tokyo's Research Center for Advanced Science & Technology. Since
1987, he visited Germany, Japan, Korea, Singapore, Australia, and India to present invited
technical papers/lectures. Also, actively consulted for industry and government including the
CSIR (Council of Scientific and Industrial Research) laboratories in India, under the United
Nations Development Program (UNDP).

He has actively participated in Local School PTA programs, as Vice-president of Canterbury
Homeowners Association, as President of India Association in Boston, Massachusetts, and in
Cleveland, Ohio; and co-convener of 5th biennial National Convention of All Asian-Indians in
North America.

Dr. Dutta and his wife Kabita reside in Westlake, Ohio. They have three children.

60



Ayo Abatan
Clark Atlanta University

223 James P. Brawley Drive

Atlanta, GA 30314

Phone 404/880-6885
Fax 404/880-6720
E-mail aabatan@cau.edu

Waldo Acosta
NASA LeRC

21000 Brookpark Road
MS 60-2

Cleveland, OH 44135

Phone 216/433-3393
Fax  216/977-7133
E-mail wacosta@lerc.nasa.gov

Grigory Adamovsky
NASA LeRC

21000 Brookpark Road
MS 77-1
Cleveland, OH 44135

Phone 216/433-3736
Fax '
E-mail

Samuel Alterovitz
NASA LeRC

21000 Brookpark Road
MS 54-5
Cleveland,” OH 44135

Phone 216/433-3517
Fax 216/433-8705

E-mail samuel.a.alterovitz@lerc.nasa.gov E-mail jaskew-diversitech@compuserve.
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Nnamdi Anwah
Howard University
2300 Sixth Street, N.-W.

Washington, DC 20059

Phone 202/806-5350
Fax 202/806-6588
E-mail nanwah@fac.howard.edu

Steve Arnold

NASA LeRC

21000 Brookpark Road
MS 23-2

Cleveland, OH 44135

Phone 216/433-3334
Fax
E-mail amold@caleb.lerc.nasa.gov

Edward Asikele
Wilberforce University
Engineering Division
Wilberforce, OH 45384

Phone 513/376-2911
Fax 513/376-5793
E-mail easikele@wu.wilberforce.edu

James Askew
Diversitech

110 Boggs Lane, Suite 325
Cincinnati, OH 45246

Phone 513/772-4447 x 18
Fax 513/772-4476

com
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Ashraf Badir

Clark Atlanta University

223 James P. Brawley Drive
Atlanta, GA 30314

Phone 404/880-6900
Fax 404/880-6890
E-mail abadir@cau.edu

Peter Bainum
Howard University
2300 Sixth Street, N.W.

Washington, DC 20059

Phone 202/806-6612

Fax 202/806-5258
E-mail

Brad Baker
NASA LeRC
21000 Brookpark Road

Cleveland, OH 44135

Phone 216/433-2800
Fax 216/433-5489
E-mail bradley.baker@Ilerc.nasa.gov

Raymond Barnett
10362 Merriam Lane
Brook Park, OH 44142

Phone 216/977-1469
Fax
E-mail



Affiong Bassey
Clark Atlanta University
P.O. Box 336

Atlanta, GA 30314

Phone 404/880-6622

Fax 404/880-6983
E-mail

Renee Batts

NASA LeRC

21000 Brookpark Road
MS 500-311
Cleveland, OH 44135

Phone 216/433-3081
Fax 216/433-8285
E-mail

Joseph Baumeister
NASA LeRC

21000 Brookpark Road
MS 100-5

Cleveland, OH 44135

Phone 216/433-2179
Fax
E-mail

Karl Bergquist
NASA LeRC

21000 Brookpark Road
MS 50-2

Cleveland, OH 44135

Phone 216/433-2105
Fax
E-mail

F.D. Berkopec
NASA LeRC

21000 Brookpark Road
MS 86-6

Cleveland, OH 44135

Phone 216/433-3400
Fax
E-mail

Prem Bhalla
Jackson State University

Jackson, MS 39217

Phone 601/973-3668
Fax 601/968-2478
E-mail pbhalla@stailion.jsums.edu

Larry Bober

NASA LeRC

21000 Brookpark Road
MS 77-6

Cleveland, OH 44135

Phone 216/433-3944
Fax 216/433-3918
E-mail bober@lerc.nasa.gov

Kenneth Bowles
NASA LeRC

21000 Brookpark Road
Cleveland, OH 44135

Phone 216/433-3197
Fax
E-mail kenneth.j.bowles@lerc.nasa.gov

J. Branch ‘
Advanced Resource Tech., Inc.
4900 Seminary Road, Suite 1200
Alexandria, VA 22311

Phone 703/998-1143
Fax
E-mail

John Brett

NASA LeRC

21000 Brookpark Road
MS 500-313
Cleveland, OH 44135

Phone 216/433-2728
Fax 216/433-5489
E-mail john.m.brett@lerc.nasa.gov
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Leon Brown
Central State University
P.O. Box 1093
‘Wilberforce, OH 45384

Phone 937/374-3824
Fax
E-mail 1b7603 @cesvxa.ces.edu

G. Raymond Brown
Clark Atlanta University
P.O. Box 297

Atlanta, GA 30314

Phone 404/880-8258
Fax 404/880-6258
E-mail gbrown@cau.edu

Jim Budinger

NASA LeRC

21000 Brookpark Road
MS 54-6

Cleveland, OH 44135

Phone 216/433-3496
Fax
E-mail

Jim Bullock

NASA LeRC

21000 Brookpark Road
Cleveland, OH 44135

Phone 216/977-7455
Fax  216/433-8311

E-mail ray.bullock@lerc.nasa.gov

Paul Burstadt
NASA LeRC

21000 Brookpark Road
MS 86-1

Cleveland, OH 44135

Phone 216/433-2175
Fax 216/433-2182
E-mail



Corey Cagle
North Carolina A & T State U
P.O. Box 1078

Greensboro, NC 27411

Phone 910/334-7255
Fax 910/334-7397
E-mail cagle@ncatedu

Donald Campbell
NASA LeRC

21000 Brookpark Road
MS 3-2

Cleveland, OH 44135

Phone 216/433-2929
Fax
E-mail

Joseph Cannon
Howard University
2300 Sixh Street, N.W.

Washington, DC 20059

Phone 202/806-6626
Fax  202/806-4635
E-mail jcannon@scs.howard.edu

Mario Castro-Cedeno
NASA LeRC

21000 Brookpark Road
MS 86-12

Cleveland, OH 44135

Phone 216/433-3822
Fax
E-mail

Diane Chapman
NASA LeRC

21000 Brookpark Road
MS 3-5

Cleveland, OH 44135

Phone 216/433-2309
Fax 216/433-8581
E-mail dchapman@lerc.nasa.gov

Timothy Childs
TLC Precision Wafer Technology

Minneapolis, MN

Phone
Fax
E-mail

Jai Chokshi

Optimum Engineering, Inc.
4243 Northlake Blvd., Suite A
Palm Beach Gardens, FL 33410

Phone 561/775-9329
Fax 561/775-9329

E-mail www.optimum-engineering.com

Arunsi Chuku
Howard University
2300 Sixth Street, N'W.,

Washington, DC 20059

Phone 202/806-9525

Fax 202/806-6588
E-mail

Eric Clark

NASA LeRC

21000 Brookpark Road
Cleveland, OH 44135

Phone 216/433-3926

Fax 216/433-6106
E-mail eric.clark@lerc.nasa.gov

Carolyn Coles-Hamilton
NASA LeRC

21000 Brookpark Road

MS 11-3

Cleveland, OH 44135

Phone 216/433-6163
Fax 216/433-5100

E-mail carolyn.e.coles-hamilton@lerc.

nasa.gov
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Corey Dickens
Howard University
Downing Hall, MSRCE
2300 Sixth Street, N.-W.
Washington, DC 20059

Phone 202/806-6618
Fax 202/806-5623

E-mail coman@negril. msrce.howard.edu

Larry Diehl

NASA LeRC

21000 Brookpark Road
Cleveland, OH 44135

Phone 216/433-3193
Fax 216/433-8185
E-mail larry.a.diehl @lerc.nasa.gov

James Dolce

NASA LeRC

21000 Brookpark Road
MS 301-5

Cleveland, OH 44135

Phone 216/433-8052

Fax
E-mail

Steven Durbin
Florida A&M University
2525 Pottsdamer Street
Tallahassee, FL 32310

Phone 904/487-6481
Fax  904/487-6479
E-mail durbin@eng.fsu.edu

Sunil Dutta

NASA LeRC

21000 Brookpark Road
MS 3-9

Cleveland, OH 44135

Phone 216/433-3844
Fax 216/433-5266
E-mail sunil.dutta@lerc.nasa.gov



Julian Earls

NASA LeRC

21000 Brookpark Road
MS 3-9

Cleveland, OH 44135
Phone 216/433-3014
Fax 216/433-5266
E-mail

Ben Ebihara
11876 Prospect Road
Strongsville, OH 44136

Phone 216/238-7739
Fax 216/238-7739
E-mail benebihara@aol.com

George Eddn
Central State University
P.O. Box 330

Wilberforce, OH 45384

Phone 937/374-1223
Fax
E-mail ge7034@cesvxa.ces.edu

Mahmoud Elfayoumy
Howard University

4318 Rowalt Drive, Apt. 301
College Park, MD 20740

Phone 202/806-9525
Fax 202/806-6588
E-mail mkae@cldc.howard.edu

Carol Emrich
Florida Solar Energy Center
1679 Clearlake Road

Cocoa, FL 32922

Phone 407/638-1507
Fax 407/638-1010
E-mail carol@fsec.ucf.edu

Ronald Everett
NASA LeRC

21000 Brookpark Road
MS 500-319
Cleveland, OH 44135

Phone 216/433-2732
Fax 216/433-2480

E-mail ronald.e.everett@lerc.nasa.gov

Steve Fedor

NASA LeRC

21000 Brookpark Road
MS 500-313
Cleveland, OH 44135

Phone 216/433-2144

Fax
E-mail

Marian Felder

Sierra Lobo

20525 Homestead Park Drive
Strongsville, OH 44136

Phone 216/891-9128

Fax 216/826-9658
E-mail howld@netcom.ix.com

Dennis Flood

NASA LeRC

21000 Brookpark Road
Cleveland, OH 44135

Phone 216/433-2303
Fax 216/433-6106
E-mail dflood@lerc.nasa.gov

Sanjay Garg

NASA LeRC

21000 Brookpark Road
MS 77-1

Cleveland, OH 44135

Phone 216/433-2685
Fax 216/433-8643
E-mail sanjay.garg@lerc.nasa.gov
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Ray Gaugler

NASA LeRC

21000 Brookpark Road
MS 5-11

Cleveland, OH 44135

Phone 216/433-5882
Fax 216/433-5802
E-mail reguaugler@lerc.nasa.gov

Daniel Gauntner
NASA LeRC

21000 Brookpark Road
MS 86-15

Cleveland, OH 44135

Phone 216/433-3254
Fax  216/433-2215
E-mail sdgant@Ilerc.nasa.gov

Morris Girgis

Central State University
1400 Brush Row Road
Wilberforce, OH 45384

Phone 937/376-6309
Fax  937/376-6679
E-mail girgis@cesvxa.ces.edu

Thomas Glasgow
NASA LeRC

2100 Brookpark Road
MS 105-1

Cleveland, OH 44135

Phone 216/433-5013
Fax  216/433-5033
E-mail

Marvin Goldstein
NASA LeRC

21000 Brookpark Road
MS 3-17

Cleveland, OH 44135

Phone 216/433-5825
Fax 216/433-5266
E-mail



Jlga Gonzalez-Sanabria
NVASA LeRC

11000 Brookpark Road

VIS 3-2 '
Cleveland, OH 44135

’hone 216/433-5252
fax 216/433-5266
E-mail odgonzalez@Ilerc.nasa.gov

Ned Gordon

NASA LeRC

21000 Brookpark Road
MS 302-1

Cleveland, OH 44135

Phone 216/433-2234
Fax 216/433-6106

E-mail edward.m.gordon@]lerc.nasa.gov

John Hairston
NASA LeRC

21000 Brookpark Road
MS 3-16

Cleveland, OH 44135

Phone 216/433-8686
Fax
E-mail

Nancy Hall

NASA LeRC

21000 Brookpark Road
MS 500-102
Cleveland, OH 44135

Phone 216/433-5643

Fax 216/433-8050
E-mail nancy.hall@lerc.nasa.gov

Carsie Hall III
Howard University

2300 Sixh Street, N.W.
Washington, DC 20059

Phone 202/806-4842
Fax
E-mail carsie@cldc.howard.edu

Joe Hemminger
NASA LeRC

21000 Brookpark Road
MS 60-4

Cleveland, OH 44135

Phone 216/977-7563
Fax 216/977-7545

E-mail joseph.a.hemminger@Ilerc.
nasa.gov

Don Henderson

Fisk University

1000 17th Avenue N.
Nashville, TN 37208-3051

Phone 615/329-8622

Fax 615/329-8634
E-mail hendersn@dubois.fisk.edu

Al Hepp

NASA LeRC

21000 Brookpark Road
MS 302-1

Cleveland, OH 44135

Phone 216/433-3835
Fax 216/433-6106
E-mail a.fhepp@lerc.nasa.gov

J. Mark Hickman
NASA LeRC
21000 Brookpark Road

Cleveland, OH 44135

Phone 216/433-7105
Fax
E-mail

Karen Hickman-Washington
NASA LeRC

21000 Brookpark Road
MS 3-2

Cleveland, OH 44135
Phone 216/433-9658
Fax 216/433-5266
E-mail
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David Hunter
Lockheed Martin
P.O.Box 179

Denver, CO 80201

Phone 303/971-7032

Fax  303/971-1034
E-mail

Philip Ikomi

Central State University
1400 Brush Row Road
Wilberforce, OH 45384

Phone 937/376-6516
Fax 937/376-6530
E-mail pikomi@cesvxa.ces.edu

LaShanda James
Clark Atlanta University
67 James P. Brawley Dr., 307F

Atlanta, GA 30314

Phone 404/589-2258
Fax 404/589-2258
E-mail }j01@student.cau.edu

Mark Jansen

AYT Corporation

2001 Aerospace Parkway
MS 23-2

Brook Park, OH 44142

Phone 216/977-6054

Fax
E-mail mjj4@po.cwru.edu

Doug Johnson
EG & G, Inc.
150 West Park Loop, Suite 202

Huntsville, AL 35806

Phone 205/722-0717
Fax 205/722-9721
E-mail hdj@hiwaay.net



Scott Jones

NASA LeRC

21000 Brookpark Road
MS 77-2

Cleveland, OH 44135

Phone 216/977-7015
Fax 216/977-7008
E-mail sjones@spitfire.lerc.nasa.gov

Albert Juhasz
NASA LeRC

21000 Brookpark Road
MS 301-3

Cleveland, OH 44135

Phone 216/433-6134

Fax 216/433-6133
E-mail ajuhasz@lerc.nasa.gov

Alex Kalu

Savannah State College
P.O. Box 20089, SSC
Savannah, GA 31404

Phone 912/356-2282
Fax 912/356-2432

E-mail kalua@tigarpaw.ssu.peachnet.edu

M. David Kankam
NASA LeRC

21000 Brookpark Road
MS 301-5
Cleveland, OH 44135

Phone 216/433-6143
Fax  216/433-8311

E-mail mark.dkankam@lerc.nasa.gov

Emmanuel Karikari
Clark Atlanta University

223 James P. Brawley Drive
Atlanta, GA 30314

Phone 404/880-6715
Fax 404/380-6890
E-mail ekk@cau.edu

Thomas Kerslake
NASA LeRC

21000 Brookpark Road
MS 500-203
Cleveland, OH 44135

Phone 216/433-5373
Fax 216/433-2995

E-mail thomas.w kerslake @lerc.nasa.gov

Yongkee Kim

Alabama A & M University
5025 Galaxy Way, #3805
Huntsville, AL 35816

Phone 205/851-5306
Fax 205/851-5622
E-mail kyklap@aol.com

Walter Kim

NASA LeRC

21000 Brookpark Road

MS 3-7

Cleveland, OH 44135
Phone 216/433-3742

Fax

E-mail walter.kim®@lerc.nasa.gov

James King
Clark Atlanta University
P.O. Box 283

Atlanta, GA 30314

Phone 404/880-6867
Fax 404/880-6629
E-mail jkingl @cau.edu

Tom Kolis
NASA Ames Research Center
MS 241-1

Moffet Field, CA 94035-1000

Phone 415/604-4690
Fax 415/604-4646
E-mail tkolis@mail.arc.nasa.gov
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Martin Kress
NASA LeRC

21000 Brookpark Road
MS 3-2

Cleveland, OH 44135
Phone 216/433-2962
Fax 216/433-3547
E-mail

Ramesh Krishnamurthy
North Carolina A & T State U
Department of Mechanical
P.O. Box 1078

Greensboro, NC 27411

Phone 910/334-7254
Fax 910/334-7397
E-mail ramesh@raaga.ncat.edu -

Zin Laisure

Aerospace Design & Fabrication,

3003 Aerospace Boulevard
Brook Park, OH 44142

Phone 216/977-0600
Fax
E-mail

Ravindra Lal
Alabama A & M University
P.O. Box 71

Normal, AL 35762

Phone 205/851-5309.
Fax 205/851-5622
E-mail lal@caos.aamu.edu

Jerry Lang
NASA LeRC
21000 Brookpark Road

Cleveland, OH 44135

Phone 216/433-6675
Fax 216/433-8269
E-mail jerry.lang@Ilerc.nasa.gov



Dallas Lauderdale, Jr.
NASA LeRC

21000 Brookpark Road
MS 501-6

Cleveland, OH 44135

Phone 216/433-3975
Fax 216/433-5432
E-mail

Dzu Le

NASA LeRC

21000 Brookpark Road
MS 86-5

Cleveland, OH 44135

Phone 216/433-5640

216/433-6382
E-mail dzu.k.le@lerc.nasa.gov

Fax

Richard Lee

NASA LeRC

21000 Brookpark Road
MS 54-8

Cleveland, OH 44135

Phone 216/433-3489
Fax 216/433-8705
E-mail r.lee@lerc.nasa.gov

Kai-Fong Lee

University of Missouri - Columbia
349 Engineering Building West
Columbia, MO 65211

Phone 573/882-6387
Fax 573/882-0397
E-mail lee@ece.missouri.edu

Gary Lesny
NASA LeRC
21000 Brookpark Road

Cleveland, OH 44135

Phone 216/433-6261

Fax 216/433-8705

E-mail

Jiang Li

Prairie View A & M University
8907 Aberdeen Oaks Drive
Houston, TX 77095

Phone 281/859-1716
Fax 409/857-2222
E-mail jli@pvcea.pvamu.edu

Donald Lyons
Hampton University

Hampton, VA 23668

Phone 757/727-5923
Fax 757/127-5955
E-mail dlyons@gprc.hamptonu.edu

Valerie Lyons
NASA LeRC

21000 Brookpark Road
MS 77-10

Cleveland, OH 44135

Phone 216/433-5970
216/433-3954
E-mail vlyons@lerc.nasa.gov

Fax

Hemant Mainthia
MTI

17535 Rosbough Drive, Suite 200
Cleveland, OH 44130

Phone 216/816-0202
Fax 216/816-1121
E-mail mainthia@aol.com

Robert Manly
NASA LeRC
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