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FOREWORD

his Summary of Research presents a listing and

description of the research activity and
productivity of the faculty, civilian and military, and
midshipmen at the United States Naval Academy for
the 1996 - 1997 academic year. A total of 3.0 million
dollars was devoted to research. The funding
categories break down into approximately 80% Navy,
7% non-Navy DoD, and 13% non-DaD federal.

The Chief of Naval Research, Naval Surface Warfare
Center, Naval Research Laboratory, and Naval Space
Command are the primary Navy sponsors of faculty
and midshipmen research. Among non-DoD federal
sponsors, the National Science Foundation and the
Department of Energy have been the main sources of
funding.

Midshipmen activities in research at the Nava
Academy continued with students participating in
independent research courses and honors projects.
Eight members of the Class of 1997 completed the
Trident Scholar Program during this academic year.
Their research achievements included study of the
anisotropic characteristics of the pitting behavior of
aluminum; design and construction of a
thermophotovoltaic converson system; inquiry into the
usefulness of the addition of alearning component to
localization and navigation of robots;, analysis of
circulation patterns and water destratification in the
Severn river estuary; study of the reaction kinetic of
nitrous dioxide with nickel, cobalt, scandium,
vanadium and chromium; development of new
materials that can be used as a source of thermal
emitter in a thermophotovoltaic generator;
development

WILLIAM C. MILLER
Academic Dean and Provost

of a method for speaker-independent speech
identification that uses a phonetic classification
scheme rather than word identification; and the
feasibility of introducing a personal computer in the
shop floor of a milling environment to take advantage
of the current research in adaptive control in the
traditional computer-aided machining process. Some
of the projects involved interdisciplinary efforts
between two departments. The faculty advisers were
comprised from the ranks of both civilian and military
faculty members. Midshipman Brett Allen St. George,
whose Trident project was supervised by Assistant
Professor Louiza Sellami and Instructor Ellen Curran
K. Wooten of the Electrical Engineering Department,
was awarded the Harry E. Ward Trident Scholar Prize
for his outstanding work on the project titled " Speech
Coding and Phoneme Classification Using a Back-
Propagation Neural Network."

Associate Professor Mark L. Campbell of the
Chemistry Department was the recipient of the
Researcher of the Year award in 1997. Among
Professor Campbell’s accomplishments cited by the
Selection Committee were his outstanding
contributions to the field of reaction kinetics as well as
his efforts in introducing the basic tools of research to
several midshipmen who participated in joint research
projects.

Research at the Naval Academy continues to play a key
role in maintaining an atmosphere of scholarship in
which midshipmen are exposed to the technical needs
of the Navy at the same time they experience problem-
solving, an important ingredient of our teaching
mission.

REZA MALEK-MADANI
Director of Research and Scholarship



Memorial to Dr. Raouf Ali Raouf

Associate Professor Raouf Ali Raouf (1960-1997)

This year’s Summary of research is dedicated to the
memory of Associate Professor Raouf Ali Raouf who
passed away on 19 April, 1997. Professor Raouf
joined the faculty of the Mechanical Engineering
Department in 1990 after receiving his Ph. D. from the
Virginia Polytechnic Ingtitute and State University and
spending a post-doctoral assignment with the Joint
Ingtitute for the Advancement of Flight Sciences at the
NASA Langley Research Center.

Within a short period after his arrival at
USNA, Raouf became an integral part of our
institution’s focus on teaching, research and service.
Hewill dways befondly remembered for the unselfish
sharing of hisideas, whether they related to bringing
a new technology into the classroom or applying a
novel analytic technique to aresearch problem. Asthe
Director of the Computer Aided Design and Interactive
Graphics (CADIG), Raouf supervised the expansion of
this facility to afirst-rate computational center where

midshipmen and faculty from all disciplines were
welcome to conduct research.

In 1996 Raouf’s research accomplishments
earned him the Faculty Researcher of the Y ear Award.
In a span of six years, Raouf had accumulated a
research record that many of us only hope to achieve in
a lifetime, severa samples of which appear in this
year’s Summary of Research. Remarkably, based on
his record on teaching and service, one could easily
imagine that Raouf would have also been the recipient
of the Teaching or the Service Excellence Award.

Raouf’'s approach to research was
characterized by his clarity of vision and by his desire
to seek direct and simple answers to complex
problems. He was an untiring problem-solver whose
daily routine displayed a rare combination of self-
discipline and sense of humor.

Raouf and his contributions to our community
will be sorely missed.

Reza Malek-Madani
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ENGINEERING AND WEAPONS

Capt. Todd W. Bruner, USN
Director



AEROSPACE ENGINEERING

DEPARTMENT OF
AEROSPACE ENGINEERING

CDR Kenneth M. Wallace, JR., USN

Chair

This past year, the aerospace engineering field was
brimming with activity ranging from news and key
events on programs such as the Joint Strike Fighter,
F/A-18E/F, and Unmanned Air Vechiles to company
mergers and the tremendous growth in satellite
technology and capabilities. The Aerospace
Engineering Department strives to stay current in this
technology by engaging in research and scholarly
activity that keeps the curriculum exciting, provides
solutions to government agencies, promotes
professional development and sustains the high
standards of excellence within the academic program.
Despite the challenges of recovering from the loss of a
third of the faculty this past year, research stayed on
the mainmast to keep the classrooms aive with a
“state-of-the-art” academic program. In addition, a
considerable amount of effort has also been placed into
system development and infrastructure to provide
opportunities  for future research, classroom
integration, publications and presentations in the areas
of gpacecraft technology and composites. These efforts
leverage laboratory assets such as the Composite

Structures Facility, the Satellite Ground Station and
the Spacecraft Artificial Intelligence Laboratory.

The below descriptions cover a broad spectrum of
sponsored and independent research topics, ranging
from bio-mechanics and hull-superstructure interaction
to general aviation performance issues and the design
of aminiature spacecraft. Note that while the capstone
design courses were not listed, midshipmen and faculty
advisors were involved in projects that were aligned
with research in other government agencies. Within
the astronautics track, scientists and engineers from
the National Aeronautics and Space Administration
(NASA) and the Naval Space Command (NSC) view
and evaluate midshipman projects. This occasionally
leads to follow-on research and midshipmen
opportunities.

Support for research is provided primarily by
NASA, NSC, the Naval Research Laboratory and the
Walter Reed Army Medical Center. Portions of
summer research funding were provided by the Naval
Academy with matching funds and curriculum
development.

Sponsor ed Resear ch

Biomechanical Testing of Vertebra Fixation Devicesin Spondylolysis

Researcher: Professor William J. Bagaria
Sponsor: Walter Reed Army Medical Center

Back pain can be a chronic problem in persons with
spondylolyss (afractured vertebra). The object of this
research isto compare three different types of fixation

devices. These devices stabilize the defect (fracture)
across the pars interacticularis during healing.

| ndependent Resear ch
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Vehicle Center of Gravity Height Measurement Errors

Researcher: Professor William J. Bagaria

Knowledge of the center of gravity height in vehicles
is necessary both for performance, and stability
analysis. For decades, it has been recognized that the
measured values are suspected of containing
inaccuracies. Many tests have been conducted in order
to determine the source of the error. 1t was concluded
that the vehicle tilt angle was the greatest source of

error. From amathematical point of view, this did not
make sense. This research is showing that the actual
source of error is due to the measurement accuracies,
and the design of the test equipment. The analysisis
showing how to redesign the tests, and ways to reduce
the error.

Resear ch Course Projects

Use of NASTRAN Finite Element Modeling to Detect Interior Gapsin a Composites Part

Researchers. Midshipman 1/C Brian Hoerst, USN
Advisers. Professor William J. Bagaria and Assistant Professor Colin P. Ratcliffe

Modd analysisisapromising method to detect interior
gaps in parts fabricated from composite materials.
Professor Ratcliffe has been investigating experimental
methods to detect the gaps. This project studied the

feasibility of using the NASTRAN Finite Element
Modeling program to detect the gaps. Preliminary
resultsindicate that both methods can be used to detect
internal gaps.

Strain-Gauge Calibration for Measuring Airloads on an F/A-18 Wing M odel
with Oscillatory L eading-Edge and Trailing-Edge Control Surfaces

Researchers: Midshipman 1/C Nicholas C. Nuzzo, USN
Midshipman 1/C John S. Braddock, USN
Adviser: Associate Professor Gabriel Karpouzian

Summary: Midshipman 1/C Nuzzo and Braddock have
expressed to me a great interest in continuing an on-
going research in the aerodynamic study of an F/A-18
wing model when the |eading-edge and trailing edge
flaps are oscillating at various frequencies and
amplitudes, and allowing for phase differences
between the two modes. The objective of the study is
to find the modes that will enhance the aerodynamic
response of the wing at take-off and landing speeds
appropriate for low-speed wind tunnel testing. The
model has already been built with a mechanism to

oscillate the flaps. However, in early calibration
measurements, the vibrational noise generated by the
mechanism affected the loading on the strain gages
that, in turn, altered the true measurements of the
loading. Both midshipmen will try to rethink the
design of the mechanism to alleviate the vibration-
induced loadings. If successful, the model will then be
placed in the low-speed wind tunnel to generate
aerodynamic data for performance analysis. This
project will be of great value to the Navy.

Model and Thermal Stress Analysis Procedure

Researcher: Midshipman 1/C Bryan J. Forney, USN
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Advisers. Associate Professor Michael D. A. Mackney (Aero Engr Dept)
Assistant Professor Colin P. Ratcliffe (Mech Engr Dept)

The purpose of the research project was to develop a
method for the analysis of structures by combining the
processes of modal analysis and thermographic stress
analysis. Moda analysis is a useful method for
identifying the natural frequencies of a system
throughout a range of frequencies. Thermographic
stress analysis is a useful method for determining the
stress concentrations and loads in a structure due to the
amplitude of vibration at a specific frequency. It was

hoped that by combining the two methods a practical
method for determining the loads experienced by a
structure when it is being excited at the maximum
amplitude could be devel oped.

At the conclusion of the semester the method has
not been completely developed. However, al
indications are that with a little trouble shooting the
modal and thermographic stress analysis procedure
(MATSAP) will prove to be very effective.

Naval Academy Near-Earth Orbiting Satellite (NANOSAT)

Researcher: Midshipman 1/C Jane E. Goodhue, USN
Adviser: Visiting Professor Stephen J. Paddack

We continued the research and design of the Naval
Academy Near-Earth Orbiting Satellite (NANOSAT)
from last semester’s research. The NANOSAT is a
hand held satellite that will relay the position and
status conditions of Naval Academy ships back to the
Nava Academy Ground Station in an inexpensive and
effective manner. The main objective of study for this
semester is to provide a definitive design and model
that has been tested and calibrated for flight. Other
objectives include: publishing the results with the
American Institute of Aeronautics and Astronautics
(AIAA), and maximizing the NANOSAT's
communication abilities while maintaining a low
budget. We have completed the design, constructed
prototypes of various systems, and conducted testing to
assure superior performance. The passive attitude
control system will be tested to ensure that the

magnetic torque induced by the Earth’s field will not
interfere with the dipole antennas. A model of the
satellite will undergo thermal testing to determine
what parameters will prevent the satellite from falling
below the minimum temperature for the internal
components. Also, the electrical power system was
analyzed to ensure that the solar arrays provide enough
voltage to charge the secondary batteries under various
orbital scenarios. The NANOSAT will be an excellent
asset to the Naval Academy, since it will not only
permit the tracking of Yard Patrol Craft and sailing
vessels, it will aso act as an instrument for
midshipmen training. It has several other possibilities
for use, such as communication among other
institutions as well.

Study of Tool Material for Fabrication of Composite Structures

Researcher: Midshipman 1/C Tony J. Culic, USN
Adviser: Professor William J. Bagaria

Hard tooling is necessary in order to cure highly
accurate composite structural parts in an autoclave.
The tooling must also be able to withstand the curing
temperatures, typically 350 degree Fahrenheit, but as
high as 850 degree F. Traditionally, expensive metal
toolshave been used. This method is only economical
when producing a very large number of parts. This
research is studying other types of materialsin order to
reduce cost. The current materials being investigated

are Plaster of Paris, Gypsum Cement, and Casting
Investment.

Wewill make use of Plaster of Paris and Gypsum
Cement as materials to make tools from which
complicated composite parts could be made. We will
experiment with drying times, curing temperatures,
and heating rates on these tools to determine what
temperatures they can sustain when actually used to
fabricate composite parts. Currently industry uses
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various metalsfor their tools; if incorporated correctly,
the materials researched here could provide a more

accurate and cost-effective method of manufacturing
composite parts.

T34 Lift Distribution Wing

Researchers: Midshipman 1/C Michael A. Loeffler, USN,
Midshipman 1/C Abraham N. Y ounce, USN
Adviser: Professor David F. Rogers

The purpose of this project was to design a lift
distribution wing for the Aerospace Engineering
Department’s low speed wind tunnel. The finished
wing isto be used in the EA303 course in subsequent
years. The wing uses NACA 23xxx series airfoils.
Thewing isgeometrically twisted. A minimum of six
chordwise rows of up to 35 dtatic pressure ports in each
row are used to determine the local sectiona lift
coefficient at each of the six spanwise stations. The
resulting experimental wing lift distribution will be
compared to the theoretical lift distribution calcul ated
using techniques developed in Aerodynamicsll.

The particular challenges of this project werein
determining the location of the spanwise stations for

optimum comparison with theory, in determining the
method for internal routing of the lines from the
pressure taps and in determining the actual numerical
control manufacturing methods.

The location of the spanwise stations was
accomplished. The design of the cavity to hold the
lines for the pressure taps was completed. Data for
numerically controlled cutting of the interior cavity
was generated. Actua cutting of material will be
accomplished this summer. Generating data for NC
manufacture of the exterior of the wing and NC
milling will be addressed in a subsequent research
project.

Researchers: Midshipman 1/C Andrew Ring
Adviser: Professor David F. Rogers

The purpose of this project was to add a movable flap
to the lift distribution wing for the Aerospace
Engineering Department’s low speed wind tunnel
being designed by Midshipman Loeffler and Y ounce.
The design for partial span slotted Fowler flaps
capable of being deflected to a maximum of 40° in 10°
increments was accomplished.

The particular challenges of this project was in
determining the mechanism for deflecting the flaps
and in fitting them to the lift distribution wing without
interfering with the structure of the wing. The design
was successfully completed. Manufacturing remains
to be accomplished in a subsequent research project.

Publications

ROGERS, David F., Professor, “Is There a Step?,”
World Beechcraft Society, March/April 1996, 10, 34,
36.

The article discusses question of aircraft trim velocity
at high altitudes where the power available intersects
the power required curve twice. An aircraft will trim
at either of two velocities, one above the velocity and
one below. Normally one wants to trim at the higher
velocity. The article discusses real-world techniques
for achieving this.

ROGERS, David F., Professor, “One More Turn,”
World Beecheraft Society, May/June 1996, 16, 34.

The article discusses the validity of turnback after
engine failure during climbout after takeoff studies
conducted in a non-motion based simulator as well as
a recommended technique based on analytic
parametric studies along with real world experiences.

ROGERS, David F., Professor, “Altitude Effects, Part
1,” World Beechcraft Society, July/Aug. 1996, 14-15.
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The article discusses the effect of increasing altitude on
aircraft performance with specific application to a
typical light single engine aircraft. Specifically the
effect of altitude (density) on the power required to
maintain level flight as afunction of flight velocity, the
minimum power required and the velocity for
minimum power required and the power available
from a typical reciprocating aircraft engine. The
decrease in maximum velocity with altitude and the
narrowing of the possible level flight regime are aso
discussed.

ROGERS, David F., Professor, “Altitude Effects, Part
2,” World Beechcraft Society, September/October
1996, 6-7,34.

The article continues the discussion of altitude effects
on aircraft performance of Part 1. Specifically, atitude
effects on the rate-of-climb clean, with flaps, with
landing gear and with landing gear and flaps extended
are discussed in the context of a typical high
performance light single engine aircraft. The results
show that above 10,500 feet with gear and flaps
extended this aircraft has a negative rate-of-climb
except at one specific velocity. The implications of
this result are discussed in the context of operation for

ago around at a high density altitude airport.

ROGERS, David F., Professor, “ Turbo-normalization,”
World Beecheraft Society, November/December 1996,
12, 30, 31.

Turbo-normalization maintains sealevel power
available in a reciprocating aircraft engine to some
critical altitude typically 20,000 feet. In contrast
supercharging increases power available compared to
a normally aspirated engine. The effects of turbo-
normalization on maximum velocity, rate-of-climb and
timeto climb as well as absolute ceiling are discussed
for atypical high performance single engine aircraft.

ROGERS, David F., Professor, “Weight Effects,”
World Beecheraft Society, January/February 1997, 18-
21.

Weight effects on the power required to maintain level
flight, the maximum velocity, the velocity for
maximum lift to drag ratio, the rate-of-climb and the
velocity for maximum rate-of-climb and maximum
climb angle are discussed in the context of a typical
single engine light general aviation aircraft.

Presentations

KARPOUZIAN, Gabrid, Associate Professor,
“Aeroelastic Instability Control of Advanced Aircraft
Wings using Combined Feedback Control Laws”
AIAA Structures, Structural Dynamics, and
Materials Conference, Orlando, Florida, 8-10 April
1997.

ROGERS, David F., Professor, “Altitude Effects on
A/C Performance,” New England Bonanza Society,
Wilmington, Delaware, 31 May 1997.



ELECTRICAL ENGINEERING

DEPARTMENT OF
ELECTRICAL ENGINEERING

Colond James F. Kendrick, USAF

Chair

Research and scholarly activity are fundamental to the
vitality and viability of any discipline. This is
particularly applicableto electrical engineering, which
is broadly based and rapidly expanding. Research
helps both faculty and midshipmen keep abreast of
advancing technology and ultimately improves the
effectiveness of the academic environment by
encouraging a modern and relevant curriculum.
Funding for our research comes from the Naval
Research Laboratory, the Naval Surface Warfare
Center, the Johns Hopkins University Applied Physics
Laboratory, and from within the Naval Academy.
Research topics supported during the past year
included: investigation of various electron transport
mechanisms in high electron mability transistors and

multi-instrument sensor fusion for an automated hull
maintenance vehicle; exploratory research for
development of adrydock painting robot; development
of computer simulations of shipboard generator and
power circuit breakers systems; investigation of various
topics concerned with neural networks; non-invasive
testing of microwave circuits fabricated both from
semiconductors and organic polymers, and
development of satellite laser ranging systems and
multiplexed fiber optic systems. This faculty research
contributes directly to the fleet's operational
capabilities and provides relevant topics which benefit
the professional as well as the academic development
of our midshipmen.

Sponsor ed Resear ch

Interface Barrier Height of INASAISb HEMTs

Researcher: Assistant Professor Duane Keye
Sponsor: Naval Research Laboratory

The INAgAISh High Electron Mability Transistor
(HEMT) isagood candidate for |ow-noise |ow-power
application. However, reduction of reverse leskage
current must be realized before this material type
becomes viable for HEMT applications. Gaining
insight to the various electron transport mechanisms
will help to improve the transistor characteristics.
These trangport mechanisms have a strong temperature
dependence and they can be isolated by measuring the
devicesthrough atemperature range. By inserting the
appropriate barrier metal one may be able to drastically
reduce the amount of leakage current and thus improve
device overal performance.

Various current (I) and voltage (V)
measurements were made on heterojunction transistor

structures to determine the interface barrier height of
an INAg/AISb interface. Devices were measured at a
temperature range of 4.2 K to over 300 K. Datafrom
the devices has been evaluated for leakage currents,
and forward current characteristics to find an
activation energy; using an Arrhenius relationship.
The activation energy is an indicator of the electron
interfacial barrier height. The activation energies
calculated to date are only approximations, and are not
believed to be very accurate because insufficient data
was taken at higher temperatures. Measures are
planned for higher temperatures to improve the
accuracy and validity of the calculations. Thiswork is
on going.



ELECTRICAL ENGINEERING

Automated Hull Maintenance Vehicle

Researcher: Assistant Professor K.A. Korzeniowski
Sponsor: NSWC Annapolis

The two major areas of research for the Automated
Hull Maintenance Vehicle (AHMV) project at NSWC
Annapolis are, first the concept development for the
real-time control system for the Automated Hull
Maintenance Vehicle (AHMV), an automated
underwater vehicle that will be used to monitor the
condition of an underwater ship hull and deploy a
cleaning head to remove fouling when fouling is
encountered. Secondly, the project is concerned with
sensor integration, data acquisition, analysis and
fusion for the prototype AHMV.

This project is driven by the need to bring the
United States Navy’ s cleaning of ship hulls coated with
antifouling, ablative paints in compliance with the
Environmental Protection Agency’s requirement for
limited discharge of environmental contaminants. At
present, cleaning of Nava shipsis being restricted and
it is anticipated that in the future this trend will
continue and impose a zero discharge requirement.
The focus of the project is to automate the cleaning

process so that the cleaning head will be deployed only
when necessary, as determined by monitoring of the
hull condition, and capture the underwater effluent.

Multi-instrument, sensor fusion for hull
inspection was accomplished this fiscal year.
Programming for data collection and fusion was
accomplished. The program was tested during a fleet
deployment with the prototype underwater vehicle for
the purpose of electronically monitoring the condition
of the underwater hull paint and the impressed current
system for the CYVN68 USS Nimitz.

This work was continued by incorporating a
computer controlled rotator that was mounted on the
prototype AHMV. The rotator is used to deploy
sensors on the hull surface according to commands
received through an RS232 serial port. During afleet
trial, it was determined that this system addition
improved the operator ontrol of the underwater
instruments.

Dry Dock Painting Robot

Researcher: Assistant Professor K.A. Korzeniowski
Sponsor: NSWC Annapolis

Thiswork consisted of a co-authored 6.2 (exploratory
research) proposal for developing a dry dock painting
robot. This project was reviewed and accepted by
ONR. It will be funded in FY 97.

The current method of spraying paint in dry dock
creates a hazardous environment for the painter. The
painter is being exposed to volatile organic compounds
(VOC's) that are used to propel the paint particles as
well as being exposed to paint overspray. The current
method of paint application is also inexact. During the
application process, it is not possible to determine the
exact thickness of each coat of paint and thus the
overall paint system can vary by five millimeters or
more (a whole coat thickness) from one area to
another.

This translates to wasted paint product and a
considerable financia lossfor the U.S. Navy aswell as
adversely affecting the wearing of the ablative paint
system while the ship is underway. The project will be
driven by two goals, to increase the accuracy of paint
application on ship hulls and to decrease
environmental pollutants created by introducing paint
overspray into runoff water and introducing VOC's
into the atmosphere.

The proposal described a dry dock painting robot
that would be able to maintain a constant distance
from the hull while accurately controlling the amount
of paint sprayed. The system included a device that
would be responsible for the capture and containment
of the overspray and the VOC's.
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Simulation of a Shipboard Six phase Generator, Rectifier, Regulator System

Researcher: Professor Richard L. Martin
Sponsor: NSWC Carderock (Annapolis Detachment)

Various computer models and simulations have been
provided to NSWC by outside consultants, written in
ACSL (Advanced Computer Simulation Language), to
allow anaysis of proposed shipboard power
distribution systems.

The objective of this project has been to
implement one such set of models, a six phase
generator smulation package, in aform to be run with
aturbine simulation to be provided at alater date.

Methodology and Results: The documentation
was reviewed, and the system was found to consist of
a six phase ac generator and rectifier, its exciter, its
voltage regulator, and a load. Input to the present
simulation is the desired DC voltage at the load.
Primary outputs of the simulation are the voltage

actually provided to the load and the torque required
from the turbine (prime mover). The majority of the
effort expended was in the implementation of the
voltage regulator simulation. The original regulator
model, a generic controller which used proportional
plusintegra control, was found to be unstable with the
gains as provided. Literature from the controller
manufacturer indicated a variation in the controller’s
configuration plus the inclusion of a derivative control
signal. After the controller has reconstructed and the
gains for the proportional, integral, and derivative
signas were adjusted, a stable system was established.
Reaults of saverad computer simulation runs have been
provided to NSWC.

Modeling and Simulation of A Power Circuit Breaker

Researcher: Professor Tian S. Lim
Sponsor: NSWC

This project isacontinuation of last year’s project. The
purpose is to develop a model that simulates a dc
power circuit bresker. The circuit breaker can
withstand a maximum voltage of 800 Volts and a
maximum current of 75,000 Amperes. The circuit

breaker arc voltage can rise to 1650 Volts during the
time of contact separation, or 32 msec., and then drops
to 800 Volts during the arcing time, or 30 msec.,
across open contacts.

An Optical Distributed Processing Network (summer 1996)

Researcher: Assistant Professor R. Brian Jenkins
Faculty Advisor: Prof. Jon Sauer, University of Colorado
Sponsor: U.S. Army

The goal of this project is to design and implement a
fiber optic interconnect, with a ShuffleNet topology,
for use in shared memory multi-processors. Nodesin
the interconnect network use deflection routing to
resolve contention, where each node consists of a
processor, memory, a photonic 2x2 switch, and a
packet routing processor. Each host processor is a
commercia workstation with FIFO interfaces between
its bus and the photonic switch. Hence, data payload
remainsin an optical format asit traverses the network
from source to destination. When coupled with the

latency minimization achieved at the FIFO bus
interface, the interconnect provides very low-latency
communications to remote memory locations in the
network. The resulting system could be useful as a
general purpose radar image processor, scalable in
both computing power and geographical separation
between network nodes. Such an interconnect might
be used for real-time battle management or simulation.
Other applications include medical imaging or airline
reservation systems. The architectural design was
nearly complete as of Aug. 1996, and fiber optic
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transceivers, electronic FPGAs, and other required
components were on hand to begin the implementation
of an eectronically switched version of the
interconnect. The implementation of a practica

network including real host computers distinguishes
these efforts from previous theoretica and
experimental work.

Wavelength-Division Multiplexed Solitons for Fiber Communications

Researcher: Assistant Professor R. Brian Jenkins

ABSTRACT: The primary goal of this ongoing
research project is to analyze the feasibility of using
wavelength-division-multiplexed solitons for optical
fiber communications. Such a communication system
is unorthodox since the propagation of data,
represented by soliton pulses, isinherently dependent
on nonlinear phenomena in the fiber. As a result,
nonlinear interactions between solitons  cause
frequency/timing shifts which may distort datain ways

atypical of linear communication systems. The
analysis accounts for practical system issues such as
loss, amplification, and filtering. In addition, four-
wave mixing is known to have a significant impact in
many wavelength multiplexed communication systems,
but its effect on soliton communicationsis not yet well
understood. Initial results indicate its importance is
greater than originally expected.

Laser Testing of High Speed Microwave and Packaged Cir cuits

Researcher: Assistant Professor Deborah Mechtel
Sponsor:  Johns Hopkins University/APL

Laser probing of circuitsis atechnique for noninvasive
testing of high speed microwave circuits and
packaging. The technique, caled electro-optic
probing, allows point-by -point evaluation of the
electric field internal to circuits instead of limiting
testing to external port measurements. We have built
alaser probing system that we use to characterize high
speed circuits.

Severa technical issues for the laser probing
system have been addressed including the theoretical
basisfor acalibration method that would be used with
a continuous wave laser. The next step will be
experimental resultsto support the theory. 1n addition,
the system is being extended to become optical fiber

based at speeds of 40GHz.

Electro-optic probing has been demonstrated on
semiconductor substrates, such as InP and GaAs, that
exhibit the electro-optic effect. We have extended
electro-optic probing beyond these conventional
substrates to probe circuit structures on organic
polymer substrates that would be used for high density
packaging such as multichip modules (MCMs). An
organic polymer, with its low dielectric constant, is
popular in advanced packaging applications. Our test
results demonstrate the potential to probe circuits
structures that are buried in the center layers of an
MCM.

A Distributed Code Divison Multiplexed Fiber Optic Sensor System

Researcher: Professor Antal A. Sarkady
Sponsor: NSWC, Annapolis, Code 853, Henry Whitesel

Advanced diagnostic fiber-optic sensor are currently
being developed at Naval Surface Warfare Center,
Carderock Divison at Annapolis. These sensors could
be used for damage control applications in naval
ships if a cost effective way is found to distribute,
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multiplex and network them. Currently we are
developing asingle strand optical fiber link connected
to 32 sensors with 100 ns time delay between them.
This system operates on the principle of atime-domain
reflectometer (TDR) where each sensor value is
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obtained at a different delay time. An optical source,
driven by a pseudorandom bhit sequence generator
produces the “main bang”’; matched filters and
correlation techniques are used to recover the senor
values.

In thisyear, we built and tested a prototype of this
fiber-optic sensor system at NSWC Annapolis Lab.
The results of this tests were extremely promising and
now we are preparing a robust version system that can

operate on US ships. A technical paper was presented
and published in the SPIE Proceedings (at the annual
meeting of The international Society for Optical
Engineering, 10-11 February 1997, San Josg,
Cdlifornia) describing the operations and performance
of this system. In addition, an NSWC Technical Report
( NSWCCD-TR-85-96/20, Dec. 1996) was published
on this topic.

Resear ch Course Projects

Speech Coding and Phoneme Classification Using a Back-propagation Neural Networ k

Researcher: Trident Scholar- Midshipman 1/C Brett A. St.George
Faculty Adviser: Instructor Ellen C. Wooten and Asst. Prof. Louiza Sellami
Sponsor: U.S. Naval Academy

Speech is a natural, unspecialized method of
communication that is perhaps the ultimate machine
interface.  Previous attempts to provide such an
interface, however, have been limited to pre-defined
vocabularies of an artificial syntax. This paper
presents a method for speaker-dependent speech
identification that uses a back-propagation neural
network to determine the phonemes present within a
voice signal. The vocal tract changes slowly in time
and can be modeled using the pitch and format
frequencies of the voice. These frequencies relate the
position of the vocal tract to specific pronunciations
and are obtained by using a homomorphic filtering
process that separates the vocal tract's impulse
response from the excitation source. The frequency
representation of this response is concatenated with the

excitation containing the pitch frequency and applied
to the input layer of the neural network. From this
information, the network selects combinations of
features that identify the phonemes which are present.
This network was trained on a set of speaker
dependent phonemes, and now phonetically classifies
new speech input.

This classification scheme could be used to
trandate linguistic messages into machine code with a
very high datarate. This benefit would allow for real-
time interaction with machines with no specialized
training. Applications could be as simple as providing
quick voice to text processing or as diverse as
implementing a control system with response time tied
to specified voice patterns.

Sonar Demonstrator

Researcher: Midshipman 1/C Brian Blair
Faculty Adviser: Assistant Professor K.A. Korzeniowski
Sponsor: Department of Electrical Engineering

The purpose of this project was to build a sonar
instrumentation device that is capable of determining
the distance to an object. Midshipman Blair
successfully integrated the necessary IC hardware
along with the signal processing hardware to output a
high frequency chirp and receive the echo. The time
differential between the chirp and the echo is related
to the position of an object. The system consisted of a
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single transducer, electronic hardware and an
oscilloscope. A next step to this project would be to
increase the number of transducers, remove the
oscilloscope and automate the data acquisition. This
isan excdlent topic of study for afuture Navy officer.
The Electrical Engineering Department may also use
this project to demonstrate the electronic systems
involved in sonar detection.
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Publications

WOOTEN, Ellen C., Instructor, “Design of a
Coordinated Controller Based on a Neuron Modeh of
Flight”, Locomotion in a Locust, Univ. Of Md., PhD
Dissertation, May, 1997.

The purpose of this dissertation isto develop adesign
of a neural network capable of providing simulated
output comparable to the intact flight neural control
behavior of the locust. The basis of this network is the
proposed structure, including neuron properties and
interconnections, of the actual neurons found from
many biological and physiological experiments. A
series of software models of portions of the flight
system is developed using these “ biologically-realistic”
neuronal compartments for each neuron and its
connections. Most of the parameters chosen to
characterize each of the 24 “neurons’ representing
flight interneurons were determined by using
information from other invertebrates initially. The
parameters were then changed for each cell so that the
modd output pattern matched that of the actual cell in
the network. By experimenting with the models
and running simulations on them, while comparing the
outputs against the actual data from the locust, the
fina design for a sensori-integrated flight controller is
provided. The analysis of these models at a detailed
leve leadsto a better understanding of the structure of
the insect and provides a means of looking at the
structure of other invertebrate and vertebrate motor
sysems. This analysisleadsto a determination of the
unique contribution of each neuron in the control of
the complete flight behavior. The final model which
incorporates sensory control of the system may also
lead to design of artificial motor controllers for robotic
flying insects.

To be able to answer some of the physiological
guestions posed by the experimentalists, different
hypotheses of neuronal control of flight were tested in
the modeling process. The results of the design of the
fina mode show that a synaptic network consisting of
a stable three-neuron inhibitory loop can provide the
basis of alternating control or central rhythm
generation (CRG) for the two sets of outputs to control
the forewing and hindwing on oneside. The other side
is controlled by an identical “distributed” controller
and it is synchronized by the same initiating input, and
coordinated by sensory feedback from the other side.
The simulated mechanical sensory inputs integrate
with the alternating inhibitory control, such that they
entrain the output pattern. The simulated exteroceptive
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inputs provide peripheral parallel loops to control the
outputs, but these inputs are synchronized to the
pattern determined by the sensory adapted CRG.

ST.GEORGE, Brett A., Wooten, Ellen C., and
Sellami, Louiza, “Speech Coding and Phoneme
Classification Using MATLAB and NeuralWorks,”
proceedings of the Frontiers in Education Conference,
Pittsburg, Pa., (Nov 5-8, 1997) p. 12.

Applications involving speech coding and phonetic
classification are introduced as educational tools for
reinforcing signal processing concepts learned in
senior level communication classes at the U.S. Naval
Academy. These applications utilize the software
packages MATLAB and NeuralWorks and are used
here to explore the concepts of impulse sampling,
Fourier  transforms, data windowing, and
homomorphic filtering.

SELLAMI, L., R. W. Newcomb, and R. J. De
Figueiredo, “Examples of Optimal Interpolative
Functional Artificial Neural Networks,” Technical
Report No. 717, Electrical Engineering Department,
State University of New York, Stony Brook, New
Y ork, (June 1996) pp. 1-4.

This paper presents examples of a class of optimal
interpolative (Ol) functional artificial neural networks
which process continuous multidimensional signals.
These networks embody for the present case the
structure of Ol networks previously derived in the
literature, which best approximate a nonlinear
dynamica system in a Generalized Fock Space (GFS)
under input-output training data constraints. Among
other applications, these networks are useful in the
modeling and identification of the degradation process
of image signals occurring while propagating in
nonlinear media.

SELLAMI, L. and R. W. Newcomb, “Lossy Synthesis
of Digital Lattice Filters,” IEEE Transactions on
Circuitsand Systems 11, submitted July 1996, accepted
for publication April 1997.

A new method for converting a lossless cascade lattice
redlization of areal, stable, single-input, single output
ARMA(n,m) filter, with alossy terminating one-port
section, to a lossy redlization is proposed. The
conversion process is carried out through the
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factorization of the transfer scattering matrix of the
terminating section and the distribution of the loss
term, embedded in this matrix, among the lossless
lattice sections according to some desirable pattern.
The cascade is then made computable through the
extraction of right-matched J-unitary normalization
sections. The technique applies to both degree-one and
degree-two lattice sections and is rendered systematic
owing to the particular lossless lattice structure used.
The mativation for thiswork lies in the synthesis of a
pipeline of digital cochlealattices with loss suitable for
hearing impairment diagnosis via Kemp echoes.

SELLAMI, L., K. Wong, and R. W. Newcomb, “Semi-
State Models for VLSl Hair-Cel Circuits,”
International Journal of Circuits, Systems, and
Computers, vol 7, no. 5 pp. 505-516, 1997.

Cochlea hair-cells act as neura interfaces of sound
signals and, therefore, circuit representations are
important to signal processing systems based upon
characteristics of the ear. Here nonlinear semi-state
equations for a bidirectional circuit representing a
generic cochlea hair-cell are presented. The circuit can
be specialized to inner or outer hair-cells depending
upon the choice of circuit parameter values. Also
developed are a canonical semi-state description for
the hair-cell potassium and sodium channels and
circuits suitable for a transistorized hardware
implementation. Circuit simulations are run with
numerical datato correlate with the Howard-Hudspeth
experiments.

SELLAMI, L. and R. W. Newcomb, “A Pipelined
Synthesis of Cochlea DSP Lttice Filters,” proceedings
of the International Conference on Information,
Communications and Sgnal Processing, Singapore
(Sept. 1997) pp. 1163-1167.

A pipelined lattice realization of a digital scattering
model of the cochlea is presented, based on real,
losdess lattice synthesis of ARMA filters. The
structure is recursively designed and each lattice is
precisaly implemented by a pair of complex conjugate
transmission zeros via Richard’ s function extractions.
In addition to being suitable for VLS| implementation,
the structure leads to a systematic cochlea parameter
estimation, owing to the scattering nature of the model.

R. W. Newcomb and L. SELLAMI, “Multivibrator
Circuits,” (invited paper) Wiley Encyclopedia of
Electrical and Electronics Engineering (John Wiley
and Sons, Inc.), accepted for publication Oct. 1997.
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A multivibrator is adevice which transitions (vibrates)
between several (multi) fixed output levels. Besides
their use for timing, they are commonly used for either
storage of for clocking of data in digital computers
using binary numbers where the number of levelsis
generally two. There are several types of
multivibrators, and severa classification schemes. One
classfication isinto (A) triggered or (B) free-running,
while another more frequent classification isin terms
of their stability properties for which, in the two-case
level, there are (a) monostable, (b) bistable, or (c)
astable multivibrators. The bistable multivibrator has
an output which remains in either one of its two stable
states; consequently, the name flip-flop is frequently
ascribed to it. The monostable multivibrator remainsin
its one sable state until triggered into its unstable state;
an aternate name of one-shot is frequently used for it.
The astable multivibrator acts as a nonlinear oscillator
as it oscillates periodically between its two unstable
states, often in an asymmetrical manner, giving
different resting times in the different states.

KORZENIOWSKI, Kelly A., Assistant Professor,
“Practical  Electronic Instrumentation for All
Engineering Disciplines’, Proceedings of the
American Society for Engineering Education
Conference - ASEE 1996, Washington, DC, (June
1996).

True engineering is a multi-discipline field and
commonalities exist among all types of engineers.
Engineers work within their environment and control
processes by using instrumentation in order to sample
surrounding physical phenomenon such as light level,
temperature and pressure. Electronic Instrumentation
Systems are concerned with data acquisition, signal
processing and computer control. In these systems,
data acquisition circuits use sensors and signal
conditioning electronics in order to convert physical
environmental changesinto eectric signals that can be
processed with a computer.

Gaining experience with practical electronic
instrumentation is an important experience for any
engineering student and should be a part of a rounded
engineering education. Design is a major component
of the course described in this paper, therefore the
course complies with the American Board for
Engineering Technology (ABET) requirement that the
design process should be an integral part of the
engineering curriculum. The material learned in this
type of course can be immediately applied to
independent design projects and these skills can later
be used in professional work. This paper describes the
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process of introducing practical  electronic
instrumentation to non-Electrical Engineers.

KORZENIOWSKI, Kelly A., Assistant Professor,
“Using Supervised Learning to Fuse Sensor Data for
Surface Tracking in Complex Environments’,
Proceedings of the International Society for Optical
Engineering ,Vol. 2911, Boston, MA, (November
1996), pp. 2-8.

This paper is concerned with the problem of
optimizing surface following control in automated
systems. Tracking a surface is an integral task for
many autonomous systems. It can be used for
navigation, surface preparation or object recognition.
There are two types of control for surface following,
continuous and discontinuous. The robot may maintain
contact and continuoudly track the surface or touch the
surface at discontinuous points. A balance is sought
between each surface tracking method in the path
planning phase, in order that the whole process be
optimized in terms of time to compl ete the task and the
amount of data collected. The tracking method is
computed by the tracking algorithm using the partial
data sets provided by sensors. It is common practice to
outfit automated systems with the ability to gather data
from many sensors. As the environmental conditions
change, sensor reliability changes. Thus, the system’s
reliability on sensor data must also change. This work
focuses on the addition of the supervisory learning
module for choosing the method of surface tracking.

KORZENIOWSKI, Kelly A., Assistant Professor,
“Collison-Handling Control in an Automated
Environment”, International Journal for Advanced
Manufacturing Systems, Vol. 1, pp. 13-23.

Obstacle avoidance is an important safety component
in any system that relies on gross mechanica
movement in order to complete a task. The collision-
handling controller described in this paper has been
designed to function as an independent module,
therefore it can beincorporated into an existing control
loop without compromising the functionality of the
system. The objective of the collision-handling
controller isto enable an automated system to adapt to
a changing environment and recover from an
unavoidable collision with a moving obstacle. This
paper presents the motivation behind the development
controller, the actual control law and experimental results.

LIM, Tian S., Professor, “Modeling and Simulation of
A Power Circuit Breaker,” 1997 ASEE Annuad
Conference Proceedings, June 1997, CD-ROM.
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This paper describes modeling and simulation of adc
power circuit breaker. The circuit breaker can
withstand a majimum voltage of 800 Volts dc and a
maximum current of 75,000 Amperes. The circuit
breaker arc voltage can rise to 1650 Volts during the
time of contact separation, or 32 msec., and then drops
to 800 Volts during the arcing time, or 30 msec.,
across open contacts. It necessitates the solving of a
non-linear differential equation using ACSL
(Advanced Continuous Simulation Language). .

ABLOWITZ, M J. and Biondini, G. and Chakravarty,
S. and JENKINS, R.B. and Sauer, J.R., “Four-wave
mixing in wavelength-division-multiplexed soliton
systems: damping and amplification”, Optics Letters,
Vol. 21, No. 20, October 15, 1996 pp. 1646-1648.

Four-wave mixing in wavelength-division-multiplexed
soliton systems in optica fiber with damping and
amplification is studied. Inideal fibers without loss,
four-wave mixing energy created during soliton
collisons quickly decays to zero after acollision. Ina
practical fiber with loss and amplification, the four-
wave mixing energy reaches afinite steady-state value.
An analytical model is introduced that explains the
dramatic growth of the four-wave termsin fibers with
lumped amplifiers. The model yields a resonance
condition relating the soliton frequency and the
amplifier spacing. It correctly predicts all essential
features regarding the resonant growth of the four-
wave mixing energy, which could degrade fiber optic
communications when data is carried on wavelength
multiplexed solitons.

MECHTEL, Deborah M.., Assistant Professor and
Charles Jr., Harry K. and Francomacaro, Shaun A.
“Electro-optic Probing: A Laser Based Solution for
Noninvasive High Speed Testing of MCMs’, Accepted
for publication in IMAPS Proceedings of the 30"
International Symposium on Microelectroncs.

Electro-optic probing is a proven technique for testing
high speed microwave circuits on substrates such as
GaAs and InP by making point-to-point electric field
measurements directly in the substrate. We have
extended this technique to probe circuit structures on
polyimide substrates that would be used for high
density packaging such as multichip modules (MCMs).

Test results demonstrate the potential to probe circuits
structures that are buried in the center layers of an
MCM.
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WHITESEL, Henry K. , and John K. Overby, NSWC
Carderock Division Annapolis Center; Prof. Antal A.
SARKADY, USNavd Academy EE Dep.; and Carl P.
Jacobson, Naval Sea Systems Command, “Code
Division Multiplexing of Fiber Optic Sensors with
LED Sources’, Proceedings of SPIE, The
International Society for Optical Engineering, Laser
Diode and LED Applications 11, Volume 3000, 10-11
Feb. 1997, pp. 9-16.

Code divison multiplexing can be used to increase the
number of sensors operated on one light emitting diode
(LED) and thereby reduce the unit sensor cost of the
complete sensor system. We have successfully designed
a system to multiplex 32 sensors on one LED with
output power of approximately 0.4mW, at 850nm

wavelength. The LED is modulated with a
pseudorandom pulse sequence distributed through a 2
X 32 coupler to reflective sensors. Sensor responseis
measured by computing the cross correlation of the
transmitted code and the sensor reflection. The
response is separated in time by varying the length of
the sensor fiber. Sensor noise is reduced by averaging
and cross correlation of the sensor response with the
transmitted code sequence. All processing is done by
microcomputer and a digital oscilloscope. The system
was demonstrated with multimode fiber connected to
2 Fabry-Perot sensors and 1 amplitude sensor. Noise
values on each sensor imply that more than 32 sensors
can be monitored with code division multiplexing
technology.

Presentations

KORZENIOWSKI, Kely A., Assistant Professor,
“Practical  Electronic Instrumentation for All
Engineering Disciplines” ASEE 1996, Washington,
DC, June 1996.

KORZENIOWSKI, Kelly A., Assistant Professor,
“Using Supervised Learning to Fuse Sensor Data for
Surface Tracking in Complex Environments’, SPIE
1996, Boston, MA, November 1996.

KORZENIOWSKI, Kelly A., Assistant Professor,
“Collison-Handling Control in an Automated
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Environment”, ICAM 1997, L afayette, LA, Feb. 1997.

LIM, Tian S., Professor, “Modeling and Simulation of
A Power Circuit Breaker,” 1997 ASEE Annual
Conference, Milwaukee, WI.

MECHTEL, Deborah M.,Assistant Professor, “ Electro-
optic Probing: A Laser Based Solution for Noninvasive
High Speed Testing of GHz Circuits,” Sigma Xi
Chapter Meeting, USNA, 25 September 1996.
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HYDROMECHANICSLABORATORY

Associate Professor David L. Kriebd
Director

The Nava Academy Hydromechanics Laboratory
supports a broad range of Midshipmen and faculty
research in the areas of naval architecture and ocean
engineering.

The laboratory facilities include one of the largest
academic towing tanks in the world (380 ft long, 26 ft
wide, and 16 ft deep), asmall towing tank (120 ft long,
8 ft wide, and 5 ft deep), a coastal engineering wave
basin (52 ft long, 48 ft wide, and 2 ft deep), a
circulating water channel, a stability and ballasting
tank, and computer workstations used for hull-form
design. The laboratory is operated by multi-talented
staff of five graduate engineers/naval architects, three
engineering technicians, and an office manager.
Liaison with the Naval Academy faculty is maintained
by the Laboratory Director who is a member of the
teaching faculty.

The primary role of the laboratory is to provide
classroom lab support. In addition, however, the
laboratory facilities are used for both basic and applied
research by Midshipmen and faculty, as well as other
Navy laboratories and government agencies.

Research programs conducted by the laboratory
during the past year have included:

*  Peaformance of the USS CONSTITUTION in
wind, waves, and under tow (Sponsor: Naval
Sea Systems Command)

»  Ocean wave group (Sponsor: Office of Naval
Research)

*  Dynamics of breaking waves (Sponsor: Office
of Naval Research)

*  Wave interaction with vertical wave barriers
(Sponsors: National Science Foundation and
Alaska Science and Technology Foundation)

 Breaking wave loads on a submarine
periscope (Sponsors: University of Maryland
and Naval Underwater Warfare Center)

In addition to supporting Midshipman and faculty
research, the laboratory staff is encouraged to pursue
independent research and scholarly activities. The
results are reflected in journa articles and in
presentations given at technical symposia. The
Laboratory is actively represented on two technical
committees of the International Towing Tank
Conference and in the Society of Naval Architects and
Marine Engineers, the American Society of Naval
Engineers, the American Towing Tank Conference,
and the American Society of Civil Engineers.

Sponsor ed Resear ch

USS CONSTITUTION Model Testing Program

R. H. Compton
Sponsor: NAV SEA Hydrodynamics Division (NAVSEA-USNA MOU)

A 1:25 scale model of the USS CONSTITUTION was
fabricated by the Technical Support Department and
tested by the Hydromechanics Laboratory to support a
planned sailing of the frigate in celebration of her
200th birthday in July 1997. Testing was performed in
regular, long-crested beam seas to characterize the
resonant roll behavior of the ship with and without
sails. Testing was then performed in wind and
irregular, long-crested waves at three headings, in
three “weather conditions,” and with various sail plan

16

configurations, all at zero forward speed.

Except for soft tethers at bow and stern, the
CONSTITUTION model was freeto respond in all six
degrees of motion freedom. Model motions were
measured by a non-intrusive 3D video system for all
wind/wave testing. Finally, towed testing was
performed to simulate the tow to the sailing venue.
Only calm water tests were conducted at three slow
speeds at each of three towing hawser lengths.
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Resistance and Seakeeping Model Tests of a Wave Piercing Hull
and a Conventional Hard Chine Planing Hull

Researcher: John J. Zseleczky, Naval Architect (HydroL ab)
Sponsor: NSWC Detachment, Norfolk

Small high speed craft have an important role in the
mission of the today’s Navy. As lighter and more
powerful propulsion systems are devel oped, these craft
are being pushed to higher speeds in more extreme
wave conditions. In severe conditions their top speed
islimited by the endurance of their human occupants.
Broken bones and spinal injuries have occurred when
operators have exceeded the limits of human
endurance.

In an attempt to extend the operating envelope of
these craft, the Navy’'s Combatant Craft Department
has been investigating the performance of some
unconventional hull forms. One such hull form,
referred to asa“wave piercer,” has shown potential for
operating safely at speeds that are higher than possible

with conventional hard chine planing hulls. To
evaluate the performance of the wave piercing hull on
a relative basis, model tests were conducted using a
1/7th scale model of an existing hard chine planing
hull and a modified version of an existing wave
piercing hull with similar payload capabilities.

The models were tested side-by-side in the Naval
Academy Hydromechanics Laboratory’s 380 foot
towing tank using new lightweight towing equipment
developed by the staff using composite technology.
Testswere conducted at scaled speeds up to fifty knots
in calm water and up to thirty-two knots in Sea State
3.  Resistance, motions and accelerations were
measured under identical conditions and are
documented in two separate reports.

M easur ements of Breaking Wave Loads on a Moving
Submarine Periscope M odel

Researcher: John J. Zseleczky, Naval Architect (HydroL ab)
Sponsor: NUWC - Newport and University of Maryland
Department of Mechanical Engineering

Submarine masts, antennas and periscopes (MAFP's)
are built to withstand the hydrodynamic loads
experienced when cruising at periscope depth in rough
weather. Presumably, the highest loads occur when a
MAP is struck directly by a breaking wave in head
seas. The current design methods used at NUWC-
Newport are based on static pressures that are
estimated to represent this worst-case scenario.

For this project, fundamental experiments were
conducted in the 380 foot towing tank using a 3.5 inch
diameter partially-submerged cylinder as a model
periscope. The stiffness properties of the cylinder were
scaled to represent those of the full scale counterpart
and loads were measured using strain gages mounted
on the surface of themodel. The model was supported
at its base and towed at a constant speed into an
approaching breaking wave. Tests were conducted with
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one repeatable breaking wave, one towing speed and
with the model at several locations relative to the
breaking wave crest.

The project was undertaken as a joint effort with
the University of Maryland (UMD), where tests were
conducted using asmaller scale model. By performing
experiments at two different scales it was possible to
evaluate the effects of scale on the model test results.

Some new capabilities were developed by the staff
of the Hydromechanics Laboratory for these
experiments. New software was developed to create
the same type of repeatable breaking wave used in
UMD experiments, and new electronics were
developed to synchronize the start of the wavemaker
with that of the towing carriage. These new
capabilities will alow the lab to obtain funding for
similar projectsin the future.
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Performance Evaluation of Full Scale Drifting Wave Buoys

Researcher: John J. Zseleczky, Naval Architect (HydroL ab)
Sponsor: Naval Research Laboratory

The Navy has sponsored the development of small,
expendable wave buoys that can be deployed from an
aircraft and then drift freely in the ocean. Each buoy
has an interna computer and satellite telemetry system
that alowsit to process motions data onboard and send
summaries of results to a shore station. Instruments
inside the buoy sense accelerations, inclinations and
globa heading and convert the measurements to wave
elevation and wave direction spectra.

Because of their low inertia, these buoys
experience high frequency angular motions that
complicate the output of the motion sensors.

Sophisticated methods are used in the onboard
software to andlyze the measurements and reduce the
effects of the high frequency motions. The role of the
Hydromechanics Laboratory in this project was to
create and carefully measure a seaway under
laboratory conditions in the 380 foot towing tank.

The full scale buoyswere placed at one end of the
tank and allowed to drift with the waves while their
measurement equipment was activated. A thorough
st of wave devation measurements were provided by
the laboratory to the sponsor for evaluating the wave
properties obtained using the wave buoys.

| ndependent Resear ch

Model Teststo Measure Extreme Wave Loading on a Fully-Restrained Rectangular Barge

Researchers: John J. Zseleczky, Naval Architect (HydroL ab)
Stephen W. Enzinger, Naval Architect Technician (HydroL ab)

A set of model experiments were conducted in the
Hydromechanics Laboratory’s 120 foot tank to measure
the forces on a fully-restrained barge model as it was
subjected to extreme waves. Similar tests were
conducted a year earlier as part of a broader test
program but some problems were found with the data
obtained when the model wasfully restrained. This test
program was undertaken as an internal project to
investigate the problems with the earlier tests and to
obtain a new set of fully reliable measurements under
an abbreviated set of test conditions.

The barge model tested was approximately 5 feet
long, 1.5 feet wideand 0.5 feet high. It was suspended
from the towing carriage so that it was half submerged.

Forces were measured in the X, Y, and Z directions
at two support points along the length of the hull.
The model was tested in the same extreme seaway
that was developed under the direction of the sponsor
for the previous tests, and tests were conducted with
the model aligned in the head seas and beam seas
orientation.

For these tests, the experimental apparatus was
rearranged and reinforced, and estimates were made
of the reduced deflections of the model. An
investigation was also made into the complex flow
around the model that could lead users of the data to
misleading conclusions.

Publications

COMPTON, Roger, H., co-author, “The Safety of High
Speed Marine Vehicles,” HSMV Committee Report to
the 21st International Towing Tank Conference, Vol
1, pp. 515-544, Trondheim, Norway, Sept, 1996.

Several aress of the world are now served by fast
ferrieswith the result that hundreds of passengers are
conveyed at speed daily over waters which are often
congested. Military organizations throughout the
world areusing, (or at least considering for use) high
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speed marine vehicles to serve a number of roles from
high speed interception duties to fast patrols, from fast
weapon platforms to rapid deployment of troops.
Rescue services have joined this upward trend in speed
by designing and building faster rescue craft, whose
speed is of value by allowing rapid response to a
casualty which may be several miles distant.

These lighter, more vulnerable craft, moving at
high speeds across the waters of the world have to be
safe. They are subjected to structural loads and
accelerations which differ considerably in type and
magnitude from those in displacement ships. The
consequences of an accident to fast vessels have
spurred various authorities to produce rules and
criteria which must be met for safe operation. Most
important of these is the IMO Code of Safety for High
Speed Craft. This provides, among other things,
guidelines for safe operational limits and is meant to
cover al types of high speed craft.

The increase in craft numbers around the world
must not be accompanied by a corresponding increase
in accidents. A complete understanding of both the
dynamics and hydrodynamics of high speed craft is
the key to ensuring the safe and predictable behavior of
such craft. Clearly there are roles for both theoretical
and experimental investigations.

ZSELECZKY, John J.,, Naval Architect, Co-author,
“Investigation of a Hybrid Wave-Piercing Hull Form,”

FAST ‘97 Conference, pp. 623-628 Sydney Australia,
July 1997.

In recent years, work has been done on the
development of a hybrid wave piercing planing hull
in an attempt to travel at higher speedsin larger
waves. To evauate the performance of the new hull
form, a series of experiments were performed in a
towing tank using 1/7th scale models of a new wave
piercing hull and a conventional hard chine planing
hull. This paper discusses the background of the new
hull, the approach used to test the two models and
presents a comparison of the model test results.

ZSELECZKY, J,, Nava Architect, Co-author, “Force
and Moment Measurements on a Low Length-to-
Beam Submarine Modd,” ASME Fluids Engineering
Divison Summer Meeting, Vancouver British
Columbia, June 199, FEDSM 97-3131.

Most of the data published for submarines and other
underwater vehicles are based on bodies with high
length-to-beam ratios. This paper summarizes
hydrodynamic force and moment measurements made
on amodd submarine with arelatively low length-to-
beam ratio of five, which is typical for swimmer
delivery vehicles. The model was fitted with
horizontal fins and tested over a range of pitch
angles. Tests were conducted with several variations
in fin span, chord and location.

Presentations

COMPTON, Roger H., Professor, “The Safety of High
Speed Marine Vehicles,” 21st International Towing
Tank conference, Trondheim, Norway, Sept, 1996.

COMPTON, Roger H., Professor, “USS
CONSTITUTION Model Tests at the U.S. Naval
Academy Hydromechanics Laboratory,”
NAVSEA/NAVHIST Briefing a U.S. Naval Academy,
Jan, 1997.

KRIEBEL, David L., Assoc. Professor, “Extreme
Wave Crest Statistics,” Maritime Research Institute of

the Netherlands, Waginengen, The Netherlands,
March 1997.

KRIEBEL, David L., Assoc. Professor, “Extreme
Wave Crest Statistics,” Royal Dutch Shell Offshore
Research Center, The Hague, The Netherlands,
March 1997.

ZSELECZKY, John J., Naval Architect, Co-author,
“Investigation of a Hybrid Wave-Piercing Hull
Form,” FAST *97 Conference, Sydney Australia, 21-
23 July 1997.
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COMPTON, Roger H., Professor, co-author, “Ship
Stability Criteria Revision Project: Intact and Damaged
Modd Testing of aHAMILTON Class cutter (WHEC)
at Zero Speed in Wind and Waves,” U. S. Naval
Academy Division of Engineering and Weapons
Report No. EW-09-96, June 1996.

The redlitic assessment of ship stability in typical and
severe sea conditions requires dynamic as well as static
analysis methods. Thus, the classical naval
architectural technologies of intact/damaged stability
and seskeeping are rapidly becoming inseparable. An
international effort to review, improve, and update ship
stability criteria has employed physical scale modeling,
analytical modeling, and full scale sea trids to
understand and be able to develop criteria which insure
adequate safety for ship loading over aship’slife.

The U.S. Naval Academy Hydromechanics
Laboratory (NAHL) has been involved in this criteria
development process primarily in the performance of
physical scale model experimentation in wind, waves,
and combined wind and wave environments. The
initial results of this NAHL effort, from the Summers
of 1993 and 1994, are documented in a series of four
technical reports (Shaughnessy, Nehrling, Compton -
Oct ‘93, July ‘94, Aug ‘94, Jan ‘96). A summary
presentation on the experimental techniques developed
for stability testing of ship models was presented to the
Fifth International Conference on Stability of Ships
and Ocean Vehicles (STAB ‘94) by the same three
authors in November 1994.

The work described in this report extends this
experimental methodology to include a damaged ship
scenario. Both direct physical modeling of the U.S.
Navy damaged stability criteria (NSTM, Chapter 079)
and the behavior of both the intact and damaged model
in extreme wave conditions were investigated.
Correlation of intact predictions from two different
sized models is also investigated. In addition to the
written report, afull set of annotated video tapes of the
test program was produced.

ZSELECZKY, John J., Naval Architect, “Resistance
and Seakeeping Model Tests of aHard Chine Planing
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Hull,” U.S. Naval Academy Division of Engineering
and Weapons Report No. EW-17-96, June 1996.

Model tests were conducted at 1/7th scale to measure
the calm water resistance, wave generation properties
and seskeeping performance of an existing hard chine
planing hull currently in use by the Navy. This report
documents the tests, equipment and procedures used in
thetest program. A full set of results are presented for
the calm water resistance tests and summaries of the
seakeeping statistics are presented.

ZSELECZKY, John J., Naval Architect, “Resistance
and Seakeeping Mode Tests of aWave Piercing Hull,”
U.S. Nava Academy Division of Engineering and
Weapons Report No. EW-18-96, June 1996.

Mode tests were conducted to evaluate the calm water
resistance, wave generation properties and seakeeping
performance of an unconventional hybrid Wave
Piercing hull form. This report documents the tests,
equipment and procedures used in the test program. A
full set of results are presented for the calm water
resistance tests and summaries of the seakeeping
statistics are presented.

ZSELECZKY, John J., and ENZINGER, Stephen W.,
“Repeat Model Tests to Measure Extreme Wave
Loading on aMoored Rectangular Barge,” U.S. Naval
Academy Hydromechanics Laboratory Report No. HL-
1-96, July 1996.

A set of model experiments were conducted in the
Hydromechanics Laboratory’s 120 foot tank to
measure the forces on afully-restrained barge model as
it was subjected to extreme waves. The barge model
tested was approximately 5 feet long, 1.5 feet wide and
0.5 feet high; it was suspended from the towing
carriage so that it was half submerged. Forces were
measured in the X, Y and Z directions at two support
points along the length of the hull. The model was
tested in an extreme seaway with the model aligned in
the head seas and beam seas orientation. Deflections of
the model were estimated and observations of the
complex flow around the model were reported.
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DEPARTMENT OF
MECHANICAL ENGINEERING

Professor Russall A. Smith

Research by faculty and midshipmen in the
Mechanical Engineering Department reflects the broad
interests of a diverse and highly qualified group of
engineers. Projects active in this period included
internal combustion engines, fracture mechanics, fluid
mechanics of bearings and pumps, thermal design,
materials processing and engineering, corrosion,
continuum mechanics, vibrations and flow field
studies.

In summary, the department was involved in 40
projects, of which 21 were sponsored research, 12 were
midshipmen projects earning academic credit and 7
were independent projects.  Research sponsors
included the Office of Naval Research, Naval Surface
Warfare Center, U.S. Nuclear Regulatory Commission,
Naval

Research Laboratory, Colorado State University and
the National Renewable Energy Laboratory, and the
U.S. Naval Academy Research Council. Industria
sponsors included Peugot Sport, the Ford Research
Laboratory and Faraday Technologies.

Research efforts in the department are promoted
by faculty and midshipman interest in studying new
technology and solving problems of interest to the U.S.
Navy. Thisactivity not only creates excitement among
the research teams, but promotes the study and
introduction of new technology in the classroom.
Faculty and midshipmen involvement in publication of
research and invited presentations reflects credit and
recognition for the individuals and the U.S. Nava
Academy.

Sponsor ed Resear ch

Modal Analysisof Thick Sandwich Plate

Researchers; Assistant Professor Oscar Barton, Jr. and Assistant Professor Colin P. Ratcliffe
Sponsor: David Taylor Naval Ship Research Center

This project considers the investigation of the
fundamenta thick sandwich plate that contains woven
fabric layers. The problem has been formulated using
a first order shear deformation theory and the

Rayleigh-Ritz method to compute the fundamental
frequencies. Comparative frequencies are obtained
through experimental means.

Vortex Survey

Researchers. Assistant Professor Karen A. Flack, Professor Robert A. Granger
Sponsor: Naval Surface Warfare Center, Dahlgren Division

Wings of aircraft and wing- like objects towed through
water shed arelatively strong vortex from the tip of the

wing. With regards to aviation, this vortex can be
potentially dangerous to nearby airplanes. The ability



MECHANICAL ENGINEERING

to dissipate the vortex quickly or minimize its extent
would be of great interest to the aerodynamic
community. This research studies the effectiveness of
wing modifications, including wing planform, wing
trailing edge, and wing tips, in modifying the vortex
flow fields generated by the wing. This experimental
research will be conducted in the Eiffel wind tunnel

located in the Aeronautics laboratory. Results will
include flow visualization of the vortex core and
velocity measurements of the flow field within and
surrounding the vortex. Currently, the experimental
equipment is being designed and tested, including the
laser Doppler anemometer (LDA) system used to
obtain velocity measurements.

The Effect of Environment on the M echanical Behavior of Advanced Metals

Researcher: Professor D. F. Hasson
Sponsor: Office of Naval Research

High performance engineered materials are required
for future nava structural and power systems. Current
high temperature applications identify carbon
fiber/glass matrix composites (CMC's) as candidate
materials. While ambient condition mechanical
properly information is available, environmental
effects on the performance of these composites require
additional investigation. An example is the present

study on the effect of a soak in a high temperature
oxidizing atmosphere on impact toughness. Recently,
another materials system, ultralight metal structures,
has been identified as a candidate to meet naval
requirements. A study of mechanical properties and
toughness similar to the one underway on the CMC's
would be informative.

Elastic-Plastic Fracture Mechanics of LWR Alloys

Researcher: Professor J. A. Joyce
Sponsor: United States Nuclear Regulatory Commission

The major effort during thisyear was applied to testing
and the analysis of 60 surface cracked bars loaded in
tension and combined tension and bending. Two
materials were studies, two load combinations, 2
temperatures, and 7 or 8 repeat tests at each of
conditions were used. All tests were conducted in the
500,000 Ib test machine at Naval Surface Warfare
Center, Annapolis Laboratory. These materials are

now being characterized using much smaller Charpy
specimens, and with standard 1T C(T) specimens and
comparisons of the conditions at fracture are being
related between the large tests and the smal
specimens. These efforts will continue into the next
fiscal year.

Constraint Effectsin Fracture Toughness

Researcher: Assistant Professor Richard E. Link
Sponsor: Naval Surface Warfare Center, Carderock Fatigue and Fracture Branch

Theoretical, numerica and experimental investigations
are being conducted to understand, explain and model
the effects of constraint on fracture toughness in the
ductile-to-brittle transition region of ferritic materials.
The fracture toughness of pressure vessel steels is
being measured over a wide range of crack tip
constraints using standard laboratory specimens as
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well as surface cracked structural elements. The
experimental data developed in this program is being
used to assess the ability of newly-emerging fracture
methodologies (two-parameter fracture mechanics,
computational cell models and toughness scaling
models) to accurately model the fracture behavior of
ferritic steelsin the transition region. Thisis part of a
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joint program with NSWC, Brown University and

University of Illinois.

Dynamic Fracture Initiation Toughness of A533B Steel

Researcher: Assistant Professor Richard E. Link
Sponsor:  Naval Surface Warfare Center, Carderock Fatigue and Fracture Branch

The dynamic fracture initiation toughness of ASTM
AS533, Gr. B steel plate was measured over arange of
loading rates from 1 x 10°to 2 x 10° MPa/m/s and over
a temperature range of 0 < T-RT\pr < 75°F. In
addition, quasi-static and dynamic mechanical
properties were determined. A master curve was
developed and the associated reference temperature
was used as a basis of comparing the results of this
investigation with other fracture data on this grade of

steel. The results of the current investigation define
the dynamic fracture behavior high in the ductile-to-
brittle transition region where the existing database
was sparse. It was also demonstrated that the shift in
the fracture toughness transition curve due to dynamic
loading could be characterized using the recently
developed master curve and reference temperature
approach.

Computational Fluid Dynamics Analysis of the Flow Distribution Through a Dense-Pack
Ceramic Ultrafiltration Membranein an Oily Waste Polishing System

Researcher: Associate Professor Steven Miner
Sponsor: NSWC Carderock Division (Mr. Larry Murphy)

Research and Development of ultrafiltration membrane
systemsfor oily waste treetment are being conducted to
polish the effluent from parallel plate oil/water
separators currently installed on Navy ships. These
ultrafiltration systems will give ships the ability to
reduce the quantity of ail in bilgewater discharges to

less than 5 mg/L. The best performance of these
systems is achieved when the flow distribution across
the membrane is uniform. Computational Fluid
Dynamics (CFD) is used to determine the flow
distribution across the membranes for the oily water
pollution control project.

Computational Fluid Dynamics Analysis of the Flow Patternsin
Composite Ball Valves

Researcher: Associate Professor Steven Miner
Sponsor: NSWC Carderock Division (Mr. Dennis Conroy)

The purpose of the study is to evaluate the flow field
downstream of a 3" and 6" composite ball valve. Two
geometries for each valve are considered, the as
designed geometry and an ideal geometry using a 14
degree angle for the diverging section. Of particular

interest is the appearance of any flow separation
downstream of the valve. Results will include a
comparison of the flow fields for the designed
geometry and the ideal geometry.

Spray Formed Substrates

Researcher: Associate Professor AngelaMoran and Mr. John Hein
Sponsor: NSWC/NARC

Spray Forming isanew method for rapid deposition of

metallic components for military applications.
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Currently spray formed components are limited to substrate materials that must be physically removed
simple asymmetric shapes but the introduction of from the spray formed part. Complex shapes such as
intelligent processing and computer controlled five tapered tubes, elbows and hemispheres are not
axes robotics has extended the possible component amenable to extensive machining to remove substrates.
configurations. A substrate material such as cement is This project is investigating alternatives to substrate
being investigated to use as an alternative to current materials and designs for easy removal.

Development of a Remote Sensor for the
Detection of Crevice Corrosion

Researchers. Professor Patrick J. Moran, Dr. Maria Inman (Faratech),
Dr. Jennings Taylor (Faratech), Mr. Dan Davis (NSWC-Carderock)
Sponsor: NSWC/Carderock Division (Program isin cooperation with an ONR/NSWC-CD
Funded Program at Faraday Technology, Inc. in Dayton, OH)

Faraday Technology, Inc. isasmall business located in detection methodology for corrosion processes. Prof.
Ohio. Thiscompany has a Small Business Innovative Moran is assisting Faraday Technology, Inc. in the
Research Grant from ONR to develop remote sensors design and development of remote sensors for crevice
for the detection of crevice corrosion in seawater corrosion based on electrochemical methods. An o-
piping systems. NSWC-CD is also involved and Prof. ring based sensor has been developed and test results
Moran is funded by NSWC-CD to function as a to date have been very promising. It is currently in
technical consultant to the program due to his high pressure testing in U.S. Navy piping mock-ups.

expertise in crevice corrosion mechanisms and in

Failure Analysis of K-Monel Bolts

Researchers: Professor Patrick J. Moran, LT Sandra E. Kwiatek, USNR
Sponsor: NSWC/Carderock Division

A significant number of K-Monel bolts failed during Cathodic protection can cause hydrogen to enter the
service in aU.S. Navy system. The bolts experienced protected components which can lead to hydrogen
high mechanical stresses aswell as cathodic protection embrittlement. Scanning electron microscopy, x-ray
from corrosion during service. The objective of this microanalysis and metallography are being utilized to
programisto determine, if possible, to what extent the examine the fracture surfaces of the failed bolts.

cathodic protection system influenced the failures.
Tracer-Gas Technique Development for Evaluation of Intake-to-Exhaust
Short Circuiting During Valve Overlap

Researchers: Assistant Professor Paul V. Puzinauskas, Dan Olsen (Colorado State University)
Sponsor: Peugeot Sport

Four-stroke-cycle engine scavenging is improved and configurations. One result of valve overlap is that
under most operating conditions when the intake valve under certain conditions, the intake charge can flow
opens before the exhaust valve closes. This time while straight through the combustion chamber into the
both valves are open is cdlled the valve-overlap period. exhaust port. This condition is called ‘short-
The optimum amount of overlap varies as a function of circuiting.” The purpose of this project isto identify a
engine speed and intake- and exhaust-system pressures gaswhich can beinjected into the intake stream that is
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stable at exhaust temperatures but is consumed during
the combustion process and thereby allow quantifying
short-circuiting.

To achieve this goa, a literature survey was
conducted to determine if similar work was done and
to identify any additional potentially appropriate tracer
gasses. Several researchers had used
monomethylamine tracer gas to calculate trapped air-
fue ratio in two-stroke-cycle engines, but the operating
conditions, i.e. the exhaust temperatures and
combustion durations, were significantly different than
those of interest to the sponsor. The literature search
was extended to find any relevant chemical kinetic and

equilibrium data which would allow estimating the
appropriateness of monomethylamine and other
potential tracers under the operating conditions of
interest. An analysis was carried out using Arrhenius
rate caculationsto predict the potential for each tracer.
These tracers were then tested in an actual engine.

The last of the data was recently acquired and is
now in the process of being reduced. A report will be
produced for the sponsor, but as the results of this
work are proprietary, no publications can be released
until two years after acceptance of this document by
the sponsor.

Optimization of Natural-Gas Fueled Spark-Ignited Engine Combustion Systems

Researchers: Assistant Professor Paul V. Puzinauskas and Collaborators from Colorado State
University
Sponsor: National Renewable Energy Laboratory

Recent emphasis on air quality has motivated
investigating alternatives to gasoline and Diesel fuel
for use in automobiles and heavy-duty vehicles.
Natural gas is one of the most promising alternative
fuels due to its clean burning characteristics and
plentiful domestic supply. To date, most of the efforts
in developing natural gas for automotive applications
have centered on fuel storage and delivery. The
engines themselves are not typically substantially
different than their gasoline-fueled counterparts. This

research will be focused on optimizing the engine
intake and combustion systems for use with natural-gas
fuel. Issues related to mixing, ignition and flame
propagation will be investigated experimentally and
analytically.

Fabrication of hardware specific to this research
has already begun as has selection of required
equipment and certification of test fuel-delivery
systems.

Dynamical Systems, Bifurcations, and Fracture Mechanics

Researchers; Associate Professor R. A. Raouf and Professor R. Malek-Madani
Sponsor: Office of Naval Research

This research project is concerned with developing
mathematical models that predict the onset of material
instabilities and initiation of fracture. Current phase

of research studies the thermo-visco-plastic behavior of
isotropic materials undergoing high shear rates.

Dynamic I nvestigation of a GRP Deck Panel

Researcher: Assistant Professor Colin P. Ratcliffe
Sponsor: NSWC, Carderock

This project experimentally investigated the
vibrational performance of a new design of glass
reinforced plastic composite deck panel. Work was

conducted at haf scale, with the panel being 20 (ft) by
6 (ft). Two areas were of particular interest. Firstly,
it was necessary to determine the fundamental natural
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frequency, in order to ensure it is above in-service
dominant excitation frequencies. Secondly, the deck
panel incorporates inbuilt equipment mounts. These
are to replace the more complex and expensive
rubber/metal mounts currently used at sea. It was
necessary to determine if there was any dynamic
coupling between the deck vibrations, and those of the

inbuilt mount straps.

The method of investigation was experimental
modal analysis, with fixed reference acceleration and
moving excitation. Impulsive excitation was used
throughout. Thefinal report was submitted September
1996.

Modal Analysis of Composite Deck Panels

Researcher: Assistant Professor Colin P. Ratcliffe
Sponsor: Ingalls Shipbuilding, Pascagoula, Mississippi

Thiswas an experimental investigation into the modal
properties of two different glass reinforced plastic
composite deck panels, each 20 (ft) by 6 (ft). Work
was conducted in Mississippi, and involved road travel
from Annapolisin order to carry the equipment. The

method of investigation was modal analysis, with fixed
reference acceleration and moving excitation.
Impulsive excitation was used throughout. The final
report was submitted September 1996.

Dynamic Characterization of Urethane Damping

Researcher: Assistant Professor Colin P. Ratcliffe
Sponsor: NSWC, Carderock

During the last few years, NSWC has funded projects
concerning the vibrational behavior of underwater
cylinders congtructed from various composite materials
and cross sectional geometries. An interesting finding
was that reinforced urethane acts both as a structural
material, and as a vibrational damping material. This

project continued the process of quantifying the
performance of the reinforced urethane materia
system. Experimental modal analysis was used on a
variety of structural configurations in order to
characterize the material system.

Feasibility Study on a Two-stage Vibration Absorber

Researcher: Assistant Professor Colin P. Ratcliffe
Sponsor: NSWC, Carderock

This small project is a preliminary investigation into
the feasibility of building a multi-stage vibration
absorber. Existing absorbers are in “families’, with
typicaly 5-10 different sizes per family. The aim of
the work is to identify whether a single multi-stage
absorber can be used to replace several absorbers in
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each family. There are significant cost and operational
benefits if thisis possible.

The work is primarily theoretical, building
computer based simulations based on experimental
data. It is ongoing, and may continue next year,
depending on funding to NSWC.
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Investigation of Turbulent Transport, Heat Flux and
Temperature Distributions at the Wave/Water Interface.

Researcher: Assistant Professor Ralph Volino
Sponsor: NRL-USNA Cooperative Program, ONR

The work was completed at the NRL Free-Surface
Hydrodynamics Laboratory to study the fundamental
aspects of air/seainteraction physics. The correlation
between sub-surface hydrodynamics and the
temperature field at a free surface was explored
experimentaly. A vortex generator was designed and
constructed for use in a small water tank, to generate
a pair of line vortices with their axes parallel to the
free surface. Initialy, the water surface is cooled by
evaporation, forming a thin thermal boundary layer.
As the vortices approach the surface the thermal
boundary layer is disturbed, altering the surface
temperature. The strain field associated with the
vortices is measured using digital particle image
velocimetry (DPIV). The free surface temperature is
simultaneoudy measured with an infrared (IR) camera.

Through this experiment a better understanding of the
relationship between the hydrodynamics below afree
surface and their IR signatures is developed. This
understanding will be applied in future work to explain
the IR signatures generated by more complex flow
fields. Direct numerica simulations of the
experiments are being performed by a researcher at
NRL to provide more insight into the phenomena
observed in the laboratory. All work is directed toward
remote sensing of the ocean surface. Preliminary
results were presented at the American Physica
Society, Divison of FHuid Dynamics annual meeting in
Syracuse NY in November 1996. Journal publications
are currently being prepared. Discussions are
underway for continued work in 1997, including a
midshipman internship at NRL in summer 1997.

Intelligent Computer Aided Instruction (ICAI)

Researcher: Professor Chih Wu
Sponsor: Office of Naval Research

The Mechanical Engineering department at the United
States Naval Academy is currently evaluating a new
teaching method which implements the use of a
computer software. Utilizing the thermodynamic based
software CyclePad, Intelligent Computer Aided
Instruction (ICAI) is incorporated in a basic
Engineering Thermodynamics course (EM319) for
engineering major students and an advance Energy
Conversion Course (EM443) for mechanical
engineering students. The use of the CyclePad software
enhances lectures and aids students in visualization
and design.

The contents of undergraduate thermodynamics
courses were established long before computers
existed. Problem assignments appearing in popular
textbooks have been devel oped with an understanding
that students will work them by hand. Interesting
practical problemswhich are difficult to solve or which
involve parametric studies are usually not assigned
because the long calculation would require an
unreasonable time investment by the students.
CyclePad allows users to concentrate on the
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fundamental engineering design principles without
being distracted by the tedious computation and wrong
input design data. As a conseguence, students can do
more comprehensive design and cover more material
without necessarily devoting more study time to the
course.

CyclePad introduces students to the concept of
design as an open-ended process involving synthesis,
analysis, and choices among design alternatives. It
provides a valuable design aid by giving visualization
of the schematic combination of a variety of
thermodynamic cycles. This visualization allows the
students easily to explore the effects that changing
design parameters have on the behavior of acycle. The
approach of the CyclePad makes the learning of
thermodynamic cycle design more exciting and results
in more effective training of future designers.

CyclePad has been in use for only one semester
now & U.S. Naval academy for design homework and
project. The experience has been a positive one. The
future version of the software will incorporate
modifications suggested by users.
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| ndependent Resear ch

Boundary Layer Flow on a Rotating End Mill

Rescarchers: Assistant Professor Karen A. Flack, LT Beth L. Pruitt, USN,
ENS Mark J. Callari, USNR

It isimportant to accurately determine the position of on a scaled model to determine the structures that are
an end mill with respect to the material for automated responsible for the noise. The boundary layer was
machining of parts. Tests have shown that sensors visualized using a dye injection technique. It was
located on the material show a strong signal before the determined that the visualized structures were too large
end mill touches the material. It is hypothesized that to beresponsible for the noise. The most likely source
the noise in the signal is due to the boundary layer isthe viscous sublayer deep within the boundary layer.
formed around the rotating tool. The focus of this Continued research used a one-component Laser
project is to investigate the boundary layer structure Doppler Anemometer system to measure the velocity
through flow visualization and velocity measurements profilesin the boundary layer on the end mill.

Web-Centric Learning and Evaluation

Researcher: Associate Professor R. A. Raouf
A set of web-centric salf-paced learning and evaluation EMA477 and EM371. Usage data has been collected
system has been developed and implemented as Grades and is being analyzed.
On Demand system. The system has been used in

Effects of Imperfections on the Elastic and Dynamic Stability of Composites

Resecarcher: Associate Professor R. A. Raouf

This research studies composite structures with perturbation theory and the Fredholm alternative
manufacturing imperfections. Two imperfections have theorem. Results are verified using a numerical
been studied: irregular thickness and fiber waviness. shooting scheme. Results have been presented in
The governing equations are derived and approximate, conferences, one paper has been accepted for
closed-form expressions for buckling loads and publication and another one has been submitted.

vibration frequencies are derived using the

Wavelet Analysisof Transitional and Turbulent Flow Data

Researcher: Assistant Professor Ralph Volino

The transition from laminar to turbulent flow in a representative of the flows in gas turbine engines,
boundary layer subject to strong acceleration, where transition is known to be an important
streamwise curvature and high free-stream turbulence phenomenon affecting the engine efficiency and the
isbeing studied. The purpose of the work isto provide heat transfer to critical engine components.
a better understanding of the transition process, which Experimental velocity data, which was acquired in a
will be useful in the development of improved wind tunnel facility at the University of Minnesota, is
transition models. The flows in question are used for analysis. Thisdatais analyzed using “wavelet
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analysis,” which is used to examine the frequency
spectrum of a signal.  The objective of the
invegtigation isto determine the important frequencies
in the fluctuating vel ocity and turbulent shear stressin
the boundary layer. Particular attention is paid to
differences between the laminar and turbulent zones of
the flow. Characteristic frequencies of the transition,
are also determined. The wavelet analysis, unlike a
conventional spectral analysis, alows separate
interrogation of the laminar and turbulent zones of the
transitional flow. The analysis is performed using
MATLAB software on Sun workstations. Some

preliminary work was performed last year by
Midshipman. 1/C L.A. Camardo as an EM496
independent study. His results were interesting,
showing an increased importance of higher frequencies
astheflow progressed through transition. This agrees
with the results of conventional (Fourier) spectra
analysis, providing confidence in the analysis
techniques and programs. | have since refined the
analysis procedure and am continuing the investigation
of more experimentd data, focusing on the differences
between the laminar and turbulent regions of the flow.

Modeling of Free-Stream Turbulence Effects on Boundary Layers

Researcher: Assistant Professor Ralph Volino

Free-stream turbulence can have a large effect on the
behavior of boundary layers. Elevated free-stream
turbulence can cause higher skin friction and heat
transfer from surfaces. This is true for laminar,
transitional and turbulent boundary layers. Elevated
free-stream turbulence is found in many practical
applications, including the flow over gas turbine blades
and vanes. Accurate prediction of gas turbine heat
transfer is a limiting factor in improving and
advancing future engine designs. Existing turbulence
models account for free-stream turbulence effectsin a
number of ways. Some perform well under some
conditions, but none are robust over al conditions.
Recent experimental evidence suggests that current
models are missing important aspects of the flow
physics. The data show adistinct separation of scales

between fluctuations induced by the free-stream and
fluctuations due to turbulence generated within the
boundary layer. A new model has been developed in
the present study which treats these two scales
separately. The model isrelatively smple and can be
implemented along with existing computational codes.
The model has been developed and tested in
comparison to several experimental data sets.
Comparisons are good. A paper has been written on
results to date, which will be presented at the ASME
International Gas Turbine Conference in Orlando, FL
in June 1997. Reviews of the paper were very
favorable and encouraged continued work. Further
development and testing in more complex flows will
proceed. External funding will be sought for the work.

Construction of a Wind Tunnel Facility

Researchers: Assistant Professors Ralph Volino and K.A. Flack

A new, low-speed wind tunnel facility has been
designed and is under construction in the TSD shop for
use in future experiments. The tunnel is modular,
allowing arrangement in various configurations for a
wide range of investigations. Flexibility and the ability
to incorporate specialized test sections will be much
greater than possible with existing facilities. Included
will be the flexibility for study of both low and high
free-stream turbulence flows. The tunnel entrance,
settling chambers and contraction are complete.
Various test sections will be attached downstream of
the wind tunnel contraction. Two such test sections
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have been designed and are currently under
construction. The first will consist of a channel with
one flat wall and aflexible wall, which will allow for
adjustment of the pressure gradient through the test
section. Boundary layer transition will be studied on
theflat wall under strong accel eration and deceleration
conditions. The work will be directed toward gas
turbine research. The second test section will consist
of a strongly curved channel. Comparison of the
resultsfrom the flat wall and curved wall test sections
will alow a determination of the importance of
curvature on the flow over airfoils under simulated gas
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turbine conditions. Measurements will be made using
existing hot-wire and laser doppler velocimetry
equipment. A permanent location for the facility and
electrical connections for the blowers are currently

being considered. Plans are to have the entire facility
complete and operational for qualification testsin late
spring or early summer of 1997.

Resear ch Course Projects

Modeling Effects of Woven Fabrics on the Fundamental Frequency of
Thick Composite Plates

Researcher: Midshipman. 1/C Darren Womaks
Faculty Advisor: Assistant Professor Oscar Barton, Jr.

This investigation seeks the understanding of the
modeling effects of woven fabric composites on the
frequency of composite plates. Both thick and thin
structures will be considered. The models to be
considered for the woven fabric layers include the
antisymmetric cross-ply mode, the bridging model and
the undulation model. The frequency analysis will be

accomplished by casting the governing differential
equation into an energy form and employing the
Rayleigh-Ritz method to compute the desired
frequencies.

Results of this work are to be presented at the
Fourth International Conference on Composites
Engineering, July 6-11, 1997.

Development of a Fatigue Precracking Machine

Researcher:  Midshipman 1/C Michadl G. Toribio
Faculty Advisor: Assistant Professor Richard E. Link
Sponsor: Carderock Div. Naval Surface Warfare Center, Fatigue and Fracture Branch

The purpose of this project was to design and construct
a fatigue precracking machine. The machine creates
a uniform circumferential crack in standard notched
round bar specimens via cyclica tension and
compression stresses. Round bar specimens offer a
variety of advantages over traditiona fracture test
specimens, including better applicability to high
displacement rate and environmental tests. A machine

was designed, fabricated and tested in this project. It
was demonstrated that the machine met the design
objectives and severa recommendations for improving
the design were suggested. This paper was presented
by Midshipman Toribio at the ASEE Mid-Atlantic
Section Student Paper Competition held at West Point
and won first place.

Development of a Second Order system Laboratory for EM 375

Researcher: Midshipmen /C Sarah A. Loughead
Faculty Adviser: Associate Professor Steven M. Miner

The purpose of this study was to develop a laboratory
that demonstrates the principles of a second order
measurement system. The laboratory illustrates the
relationship between the magnification factor and the
frequency ratio that is dependent on the system mass

and stiffness. The student will both model the behavior
of the system on the computer and measure the systems
behavior, and then compare the two outcomes. This
laboratory isbeing developed for use in EM 375.

Materials Selection for TPV Emitter
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Researcher: Midshipman. 1/C P. C. Saxton
Faculty Advisor: Associate Professor AngelaMoran
Sponsor: Trident Scholar Program, Department of Energy

Thermophotovoltaic energy conversion has the
potential for high efficiency while exhibiting
characteristics that may prove advantageous to the
military and to commercial industry. The TPV process
converts thermal energy into photon radiation which
can be used to generate DC electric current in a
photovoltaic cell. The Knolls Atomic Power Lab has
developed a high temperature thermophotovoltaic cell

that will potentialy operate at much higher efficiencies
than previous designs. Unfortunately materials have
not been discovered that have the necessary properties
to act as a photon emitter and withstand temperatures
up to 2400F. This project involves the screening,
testing and selecting of suitable materials for a TPV
emitter operating at 2400F, based on critical material
parameters.

High Temperature Copper Alloysfor the Automotive Industry

Researchers: Midshipman. 1/C John V. Wicklund IV and 1/C Chris P. Neish
Faculty Advisor: Associate Professor Angela Moran
Sponsor: Ford Research Laboratory

Spot welding electrodes deteriorate very rapidly when
used for welding of auminum automotive components.
This is due to the formation of a low melting point
eutectic phase at the interface of the copper electrode
and the aluminum, dissolving away the surface of the
electrode. This project involves developing novel

electrode compositions which suppress the formation
of low melting point phases, thereby increasing
electrode life. Advanced manufacturing methods such
as laser cladding, ion implantation and spray
deposition will be utilized.

Pitting of Aluminum as a Function of Crystal Orientation

Researchers: Midshipman 1/C Brandon W. Davis (Trident Scholar), LT Sandra E. Kwiatek,
USNR, Professor Patrick J. Moran and Dr. Paul M. Natishan (NRL)
Faculty Advisor: Professor Patrick J. Moran
Sponsor: NRL-USNA Cooperative Program and USNA Trident Scholar Program

Aluminum and many aluminum alloys experience
pitting corrosion in marine environments. This pitting
often results in pits which are crystallographic in
nature and the pits are composed of only 100 crystal
faces. The objective of this program is to understand
the mechanisms by which this pitting occurs and to
utilize this understanding to influence the devel opment
of more corrosion resistant aluminum alloys. A
Trident Scholar Program, also funded by the NRL-
USNA Cooperative Program, during 1996-97

investigated the influence of the particular crystal face
on theimitation of corrosion and found that faces other
than the 100 face were more likely to initiate
corrosion. Some evidence that the 100 faces also cause
slower propagation of corrosion was also discovered.
Work is continuing with NRL-USNA Cooperative
Program support through FY 97 and hopefully beyond.

Use of CyclePad as a Teaching and Learning Tool for Applied Thermodynamics
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Researchers: Midshipman 1/C J. L. Gibson and M. P. Hollenbach (Fall 96) and
Midshipman 1/C M. P. Hollenbach (Spring 97)
Advisor: Assistant Professor S.C. Pamer
Sponsor: Office of Naval Research

The purpose of this project was to enhance the Applied Thefdl semester culminated with a seminar given by
Thermodynamics curriculum through the use of the Midshipmen Gibson and Hollenbach for the ME and
program CyclePad (CP). CP was designed to simulate NAOME faculty. The efforts of the entire project will
thermodynamic cycles and processes. In-class demos be incorporated into a paper to be submitted to
were developed to illustrate concepts. In addition, Computer Applications in Engineering Education.

student design problems were developed and enhanced.

Tuned Exhaust System

Researcher: Midshipman. /C T. S. Voglesonger
Faculty Advisor: Assistant Professor P.V. Puzinauskas
Sponsor: SAE/ME Department

The Society of Automotive Engineers sponsors several models which predicted pipe lengths required to
annual inter-collegiate design competitions, including optimize synchronization of the exhaust blow-down
Formula SAE. In this competition, the student teams pulse dynamics with exhaust-valve timing. This theory
design and build an open-wheeled race car that is was utilized to provide a minimum baseline pipe
evaluated relative to competing universities in seven length which could be incrementally lengthened to
categories. The vehicle' s engine must be a four-stroke- optimize exhaust system design through development
cycle design with less than 610cc of displacement and testing.
must breath through a 20mm student-designed An adjustable exhaust tuning evaluation system was
restrictor. Engine modifications are otherwise nearly built using primary lengths determined by the above-
unlimited. This project was initiated to design, build described analysis. Due to non-completion of other
and evaluate an exhaust system tuned to optimize required engine subsystems, there was no opportunity
engine output and flexibility. to test this subsystem. Midshipmen are currently being
This effort consisted of background literature recruited to expand and complete this investigation
review and construction of a prototype system- next year.

evaluation platform. Analysis techniques realistic for
the scope of this project were limited to simple acoustic

Analysis, Design and Testing of a Venturi Flow Restrictor to
Maximize Air Flow

Researcher: Midshipman 1/C A. R. Barlow
Faculty Advisor: Assistant Professor P.V. Puzinauskas
Sponsor: Society of Automotive Engineers/ Mechanical Engineering Department

The Society of Automotive Engineers sponsors several cycle design with less than 610cc of displacement and
annual inter-collegiate design competitions, including must breath through a 20mm student-designed
Formula SAE. In this competition, the student teams restrictor. This project was initiated to design, build
design and build an open-wheeled race car that is and evaluate a restrictor which minimizes flow losses
evaluated relative to competing universities in seven and thereby allows maximum engine power potential.
categories. The vehicle' s engine must be a four-stroke- Toward the goal of the project, literature was
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sought to provide guidelines for an optimum design. A
modular flow section with separate converging nozzle
and diverging diffuser was created to verify design
suggestions from the literature and investigate the
effects of off-optimum design compromises with
packaging congtraints. Because the literature indicated
the optimum converging nozzle design was not space
limiting, but was geometrically more complex than the
diffuser, only one such section was created. To insure
its geometric integrity, the section was designed on
IDEAS and the manufacturing tool-path information
was downloaded to the Harding lathe which
automatedly manufactured the part. Five different
diffusers were fabricated from fiberglass using internal
moldswith included diffuser angles of 4, 8, 14, 18 and

28 degrees. A steady-flow bench was used to test each
nozzle-diffuser combination in addition to the nozzle
by itself and a simple flat-plate restrictor. Contrary to
indications from the literature, the four degree diffuser
had the highest flow at the tested pressure drops. Gains
did decrease sharply after reaching the expected
optimum angle. Qualitative observations indicate that
inlet-flow turbulence could serve to prolong flow
attachment and improve results.

Having determined restrictor flow limitations, a
conservation of mass and volumetric efficiency
analysis was peformed to predict horsepower
potential. This analysis estimated maximum power to
be in the 75-85 Hp range at ~12,000 rpm.

Web-Centric Engineering

Researcher: Midshipman 1/C J. P. Jankowski
Advisor: Associate Professor R. A. Raouf

A set of web-centric engineering analysis tools are
being developed to run as client-side Java applets. The

tools are developed for composite engineering
applications. Project in process as an EM496 class.

Damage Detection from Experimental Modal Data

Researcher: Midshipman 1/C B.C. Hoerst
Faculty Advisor: Assistant Professor Colin P. Ratcliffe

This project continued an investigation into the use of
a modal technique for locating structural damage in
beams. Experimental displacement mode shapes were
converted to strain shapes. These were then further
processed to form a difference function that located the

damage. The focus of thiswork was to consider a steel
beam with alocdlized reduced cross-section. The work
was presented at the 15" International Modal Analysis
Conference, Orlando.

Modal and Thermal Stress Analysis Procedure

Researcher: Midshipman 1/C B.J. Forney
Faculty Advisor: Assistant Professor Colin P. Ratcliffe

The purpose of the research project was to develop a
method for the analysis of structures by combining the
processes of modal analysis and thermographic stress
analysis. Moda analysis is a useful method for
identifying the natural frequencies of a system
throughout a range of frequencies. Thermographic
stress analysis is a useful method for determining the
stress concentrations and loads in a structure due to the
amplitude of vibration at a specific frequency. It was
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hoped that by combining the two methods, a practical
method for determining the loads experienced by a
structure when it is being excited at the maximum
amplitude could be devel oped.

At the conclusion of the semester, the method has
not been completely developed. However, al
indications are that, with a little troubleshooting, the
modal and thermographic stress analysis procedure
will prove to be very effective.
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L ocating Delaminationsin a GRP Beam

Researcher: Midshipman 1/C B.C. Hoerst
Faculty Advisor: Assistant Professor Colin P. Ratcliffe

This project continued to build on previous work
which used experimental modal data to locate damage
inasted beam. The main focus of this project was to
construct afinite element model of a composite beam
with adelamination. Several analyses were conducted

with the delamination at different positions and depths
in the beam. A variation to the damage detection
procedure used for the work in the previous semester's
research project successfully located the delamination.

Publications

BARTON, Jr., O., Assistant Professor, and C.P.
Ratcliffe, Assistant Professor, “Moda Analysis of a
Thick Sandwich Plate: A Comparison between theory
and experiment”, Proceedings of the Fifteenth
International Modal Analysis Conference, Orlando,
Fl., February 3 - 6, 1997, pp.71-75.

Composite structure beam, plates and shells are
commonplace in many sectors of the automotive and
aircraft industries. Use of such structure is now being
considered for off-shore and naval applications because
of the potential for improved strength-to-weight ratio
and resistance to harsh environments. This paper
considers the theoretical and experimental modal
analysis of athick sandwich plate, approximately 20
feet by 6 feet. This plate is a scale model of new
design for ashipsdeck. Results are presented from an
experimental modal analysis with the plate suspended
on rubber bungee cords.

BARTON, Jr., O., Assistant Professor, “Fundamental
Frequency of Symmetric Composite Plates on a
Winkler Foundation”, Proceedings for the Third
International Conference on Composites Engineering,
|CCE/3, duly 21-26, 1996, New Orleans, LA pp. 103-104.

The fundamental frequency of symmetric composite
plates resting on a Winkler Foundation is developed
using eigensensitvity analysis. The approximate
expression is a quadratic Mauclarin series in terms of
the coupling dtiffnesses D,z and D,  For a
homogeneous foundation response, it is shown that the
natural frequency changes without a change in mod
shape.

BARTON, Jr., O., Assistant Professor, and R. Reiss,

N. Tomlinson, “Approximate Solution for Quartric
Eigenvalue Problems’, Proceedings for the Pan
American Congress on Applied Mechanics, San Juan,
Puerto Rico, Jan 1-7, 1997 pp. 99-104.

Approximate closed-form solutions for the eigenvalues
of discrete quartic eigenvalue equations are obtained
using the method of eigensensitivity analysis. Each of
the matrices governing the eigenvalue problem is split
into two components; one contains only diagona
elements and the other contains only off-diagonal
elements. An approximation to the eigenvalues is
obtained by expanding the eigenvalues in a Taylor
series in the off-diagonal matrix elements. The
general solution is then applied to a pinned-;pinned
elastic beam with viscous damping in the pin joints.

FLACK, K.A., Assistant Professor, "Near-Wall
Structure of Three-Dimensional Turbulent Boundary
Layers” Experimentsin Fluids, Vol. 23, pp. 335-340,
1997.

The surface topology of a separated three-dimensional
boundary layer was investigated using oil flow
visualization. The separated region was created by
subjecting a flat plate boundary layer to both an axial
pressure gradient and spanwise pressure gradient.
Surface topol ogies indicate a complex combination of
critical pointsincluding saddle points, nodes, and foci.
The sengitivity of the surface topology to asymmetric
disturbances was also investigated, resulting in
dramatic changes in surface flow. The complex
surface flows were not apparent in the static pressure
coefficients which showed little variation across the

span.



MECHANICAL ENGINEERING

JOYCE, James A., Professor, Manual on Elastic-
Plastic Fracture Laboratory Test Procedure, ASTM, W.
Conshahabas, PA, 1966.

This manual is intended to provide a background for
developing elastic-plastic fracture toughness data in
accordance with ASTM Test Method for J-Integral
Characterization of Fracture Toughness (E 1737) and
ASTM Test Method for Crack-Tip Opening
Displacement (CTOG)  Fracture  Toughness
Measurement (E 1290). These standards provide the
requirements for obtaining J-integral and CTOD
guantities from laboratory tests; however, they provide
little information on why certain requirements are
imposed and how to carry out various aspects of the
tests.

Two different types of tests are described, the basic
test procedure leading to a single measurement
guantity, i.e., the Jintegral at the onset of cleavage
fracture, and the advanced or resistance curve
procedure that requires an unloading compliance or
electric potential apparatus to estimate the crack
extension at severa locations on the load displacement
record.

The apparatus is then described in detail for both
procedures, including a discussion of the test machine
and the displacement transducer requirements. The
test procedures are described, including the test setup,
running the test, recording the data, crack length
marking, and post test crack length measurements.

Finally, and certainly the most important part,
there is a discussion of the data analysis. Examples
are presented showing the evaluation of all fracture
toughness quantities presently included in ASTM
standards E 1737 and E 1290.

JOYCE, James, A, Professor, and LINK, R. E,
Assistant Professor “Effects of Constraint on Upper
Shelf fracture Toughness,” Fracture Mechanics: 26th
Volume, ASTM STP 1256, American Society for
Testing and Materials, Philadelphia, pp. 142-177,
1995.

The upper shelf fracture toughness and tearing
resistance of two structural steels, HY-100 and ASTM
A533, Gr.B, were determined over a wide range of
applied constraint. The constraint conditions were
varied by changes in specimen geometry and loading
mode. Bend specimens with shallow and deep cracks,
compact specimens, and single and double edge
notched tension specimens were used in this study. A
rotation correction was developed for the single edge
notch tension specimen which greatly improved the
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behavior of the JR curves determined using this
specimen. The experimental results were used to
investigate the applicability of the Q and T stress
parameters to the correlation of upper shelf initiation
toughness, JIC and tearing resistance, Tmat: The J-Q
and J-T gressloci, and corresponding plots of material
tearing resistance plotted against Q and T, were
developed and compared with the expectations of the
O'Dowd and Shih and the Betegon and Hancock
analyses. The principle conclusions of this work are
that Jc does not appear to be dependent on T stress or
Q while the material tearing resistance, Tmat is
dependent on T stress and Q, with the tearing modulus
increasing as constraint decreases.

JOYCE, JA., Professor and LINK, R.E., Assistant
Professor, “ A Ductile-to-Brittle Characterization
Using Surface Crack Specimens Loaded in Combined
Tension and Bending” ,@ Fatigue and Fracture
Mechanics: 28" Vol. ASTM STP 1321, JH.
Underwood, B.D. MacDonald and M.R. Mitchell,
Eds., American Society for Testing and Materials,
1997.

Surface cracked tension specimens of ASTM A515,
Grade B gted plate were tested to failure in the ductile-
to-brittle transition region. Two different specimen
configurations were used: one configuration was
loaded in tension except for the natural bending
resulting from the presence of the surface crack, the
second configuration had an offset test section and was
pin-loaded to provide a strong bending component in
addition to thetension load. For each configuration, at
least seven repeat tests were conducted at each of two
temperatures. All specimens failed by cleavage and
the critical J-integral, J,, was obtained using three-
dimensional finite element analysis of the specimen.
The FEM analysis was validated by comparison with
experimental strain gage and displacement
measurements taken during the tests. The results were
compared with previous fracture toughness
measurements on the same plate using 2T SE(B)
specimens and surface cracked bend SC(B) specimens.
The present results exhibited the expected elevation in
fracture toughness and downward shift in the
transition temperature compared to the highly
constrained, deeply cracked SE(B) specimens. The
master curve approach was used to characterize the
transition curves for each specimen geometry and the
shift in the transition temperature was characterized by
the associated reference temperature.

KWIATEK, Sandra, LT, USNR and Vimal Desai, Paul
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Natishan, Patrick J  MORAN, Professor,
“Characterization of Cathodically  Deposited

Carbonaceous Films on a Silicon Substrate”, Journa
of Materials Science, 32(12), pp. 3123, 1997.

Carbon-based deposits were electrochemically formed
on silicon substrates in ethanol at room temperature.
This work was based on the work reported by
Y oshikatsu Namba, who described the electrochemical
deposition of diamond from organic solutions. The
deposits were analyzed using a Scanning Electron
Microscope (SEM), Energy Dispersive Spectroscopy
(EDS), X-Ray Photoelectron Spectroscopy (XPS),
Raman Spectroscopy and Electrochemical Impedance
Spectroscopy (EIS). SEM micrographs showed some
crystaline deposits on the silicon. EDS was unable to
identify carbon in the film, but did reveal impurities
suchasNa, K, Caand Zn. It was later established that
the impurities were most likely appearing from
impuritiesin the graphite used for a counter electrode.
XPS showed the presence of carbon species,
subsequently Raman Spectroscopy was used to further
classify the carbon deposits. Raman Spectroscopy
showed the presence of amorphous carbon in some
films, but no diamond peak was observed for any of the
films. EIS revealed that the impedance of the
deposited films was nearly identical to that of the
uncoated silicon, and did not resemble the impedance
of diamond. Thus, in this work, carbon-based films
were formed electrochemically, but these films were
not diamond.

MINER, S. M., Associate Professor, "CFD Analysis of
the Flow Distribution in the Header of a Filtration
System,” Proceedings of the ASME Fuids Engineering
Divison Summer Meeting 1996, FED-Vaol. 239, 4.
pp. 509-513, July, 1996.

This paper describes the results of a Computational
Fluid Dynamics (CFD) analysis of the distribution
header for a water filtration system. The header feeds
eight paralld filter banks, and the purpose of the study
was to determine the flow distribution amongst the
filters. Two cases were considered, in the first case all
eight filter banks were open, in the second case one of
thefilter banks was blocked. The second case was run
to evaluate the effects of the blockage on the
redistribution of the flow to the other filters. The
analysis was performed using commercially available
CFD software. A two dimensional model of the
geometry was considered, and the code solved the 2-D
Reynolds Averaged Navier-Stokes eguations using a
standard k-e turbulence model. Results for both cases
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showed distributions that were uniform to within 5%.
This uniformity was due to the fact that the pressure
drop through the filters was roughly 10-15 times the
drop through the header. In addition to the
computational results, flow measurements were made
on the filtration system for case two using an
ultrasonic flow meter. These measurements showed
that the distribution to the seven unblocked filters was
uniform to within 9%. The largest difference between
the measured and computed flow distribution was
found to be 9%.

MINER, S. M., Associate Professor, "CFD Analysis of
an Axial Flow Pump Impeller Using a Coarse Grid,"

Proceedings of the 1997 ASME Fluids Engineering
Divison Summer Meetings, FED VOL. 11, June 1997.

This paper presents the results of a study using a
coarse grid to analyze the flow in the impeller of an
axial flow pump. A commercid CFD code
(FLOTRAN) is used to solve the 3-D Reynolds
Averaged Navier Stokes equations in a rotating
cylindrical coordinate system. The standard x-€
turbulence model is used. The mesh for this study uses
20,000 nodes and the model is run on a SPARCstation
20. This is in contrast to typical analyses using in
excess of 100,000 nodes that are run on a super
computer platform. The smaler mesh size has
advantages in the design environment. Stage design
parameters are, rotational speed 870 RPM, flow
coefficient $=0.12, head coefficient y=0.06, and
specific speed 2.86 (8070 US). Evaluation of the model
is based on a comparison of circumferentially averaged
results to measured data for the same impeller
downstream of the trailing edge, and analysis of the
flow field within the impeller passage. Comparisons to
measured data include axial and tangential velocities,
static pressure, and total pressure. Within the impeller
passage the static pressure and axial velocity contours
are presented at the leading edge, mid chord, and
trailing edge. Results of this study show that the
computational results closely match the shapes and
magnitudes of the measured profiles, indicating that
CFD can be used to accurately predict performance.

MORAN, Angela, Associate Professor, "Test and
Evauation of Spray Formed Alloy 625" with R.Rebis,
Advances in Powder Metallurgy and Particulate
Materials, MPIF, Princeton, NJ, June 1996.

The Carderock Division of the Naval Surface Warfare
Center conducted an evaluation of spray formed Alloy
625 piping under the sponsorship of the Office of the
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Secretary of Defense Foreign Comparative Test
Program. The objective of the evaluation was to
characterize the as-deposited spray formed Alloy 625
preforms and determine if these preforms could be
processed into piping meeting current specification
reguirements and exhibiting equivalent or improved
properties in comparison to conventionally produced
piping. Spray formed preforms were deposited and
reduced via pilger rolling or roll extrusion to produce
thin walled piping in diameters of 10.2, 20.3 and 35.6
cm (4, 8 and 14 inch Nominal Pipe Size). Evaluations
based on chemical analysis, strength, ductility,
hardness, impact toughness, fatigue properties,
weldability, corrosion resistance, and burst and shock
resistance demonstrated that spray formed piping
appears to be a viable substitute for conventionally
produced Alloy 625 piping and that a minimal amount
of cold working isrequired on the as-deposited tubular
preforms in order for them to meet the specification
requirements for Naval applications.

MORAN, Angela, Associate Professor, and R.E. Rehis,
"Large Diameter Superaloy 625 Piping”, Journal of
Testing and Evaluation, Vol. 24, pp.302-315, Sept.
1996.

A comparative testing evaluation program was
conducted to assess the mechanical properties,
metalurgical characteristics and fabricability of spray-
formed Alloy 625 tubes and subsequently processed
piping. Spray-formed preforms were deposited and
reduced via pilger rolling or roll extrusion to produce
thin-walled piping in diameters of 10.2, 20.3 and 35.6
cm (4, 8, and 14 in. nominal pipe sizes). Evaluations
based on chemical analysis, strength, ductility,
hardness, impact toughness, fatigue properties,
weldability, and corrosion resistance demonstrated that
spray-formed piping appears to be a viable substitute
for conventionaly produced Alloy 625 piping and that
a minimal mount of cold working is required on the
as-deposited tubular preforms in order for them to
meet the specification requirements for naval
applications.

MORAN, Angela, Associate Professor, and R.E. Rehis,
"Spray Formed Superalloy 625 Piping”, Proceedings of
the Fourth International Special Emphasis Symposium
on Superalloys 718, 625, 706 and Derivatives, TMS,
Pittsburgh, PA, accepted for publication, June 1997.

Spray formed Alloy 625 piping subjected to standard
amounts of cold reduction performed comparably to
conventionaly processed Alloy 625 piping and met the
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chemical analysis specifications and metallurgical
requirements for porogity, oxide content and grain size
required for Navy applications. Mechanical testing
indicated that the tensile strength and ductility of roll
extruded and pilger rolled pipes easily exceeded the
mi nimum requirements while results of the hardness
testing and Charpy impact testing showed no
significant difference between as-sprayed preforms,
spray formed and processed thin-walled piping, and
conventionally produced piping. Results of fatigue
testing of spray formed Alloy 625 pipes indicated that
post processing is necessary to achieve the fatigue
performance in terms of endurance limit of
conventionally processed Alloy 625 pipes. Of the two
post processing methods employed in this study, both
methods diminished porosity and produced a fine grain
size but roll-extrusion yielded a more uniform
microstructure and better fatigue and strength
properties. A weldability evaluation indicated that the
hot-cracking resistance and mechanical properties of
welded, spray formed Alloy 625 products were at least
equivalent to that of conventional Alloy 625.
Additionally, spray formed Alloy 625 piping
performed comparably in service testing to wrought
piping. Thus, Alloy 625 piping produced from spray
formed tubulars appears to be a viable substitute for
conventionally produced Alloy 625 piping.

MORAN, Angela, Associate Professor, and P.C.
Saxton, M. Harper and K. Lindler, "Materials
Selection for TPV Emitter,” Proceedings of the IECEC
Conference, accepted for publication, July 1997.

Thermophotovoltaics (TPV) is a potentially attractive
direct energy conversion technology. It reduces the
need for complex machinery with moving parts and
maintenance. TPV generators can be run from a
variety of heat sources including waste heat for smaller
scale operations.

The United States Naval Academy’s goal was to
build a small experimental thermophotovoltaic
generator powered by combustion gases from a
General Electric T-58 helicopter gas turbine. The
design of the generator imposes material limitations
that directly affect emitter and structural materials
selection. This paper details emitter material goals
and requirements, and the methods used to select
suitable candidate emitter materials for further testing.

MORAN, Angela, Associate Professor, "Emerging
Control Structures,” Proceedings of the National
Academy of Engineering Frontiers of Engineering
Symposium, accepted for publication, Sept. 1997.
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The method by which engineering materials are
processed into usable components, structures, devices
or systems is a critica factor in determining the
success of industries as diverse as aerospace,
automotive, and construction. [1] Competence, quality,
and reproducibility in manufacturing are essential for
the processing of new materials into viable products
and for the continued improvement of components
made from conventional materials. [2] Technologically
advanced industries manufacture components and
systems requiring tight constraints in terms of material
properties and part configuration yet it is not cost
effective to perform quality control afer the part is
completed. Additionally, flexible manufacturing
practices to produce anumber of similar parts utilizing
the same equipment would be advantageous so that
large inventories need not be maintained or long lead
times not be required to fabricate modified
components. On line process monitoring with in-situ
sensors and reactive control systems is required to
improve part quality and product yield and allow for
flexible processing methods. A program to implement
real time sensing and control of spray formed perform
conditions was completed by the U.S. Navy. The
objective of the program was to develop sensor and
control technology to monitor the critical process
conditions and to modify parameters during the spray
metal forming process to produce components with
repeatable microstructural quality.

MORAN, Angela, Associate Professor, and S.
KWIATEK, LT, USNR, "Undergraduate L aboratory -
Materials Properties and Selection” Journal of
Materials Education, Fall 1997.

Based on input from midshipmen and faculty, the
following laboratory has been developed for the
introductory Materials Science courses offered by the
Mechanical Engineering Department. Historically, the
emphasis in materials has been placed on metals, but
with the development of advanced materials including
polymers, composites and ceramics for engineering
applications and with the recent emphasis on materials
selection in design, it is appropriate to expand the
curriculum to involve materials other than metals and
alloys. The intention is that as each material type is
introduced, students will conduct testing to evaluate
material properties and research typical costs, physical
properties and applications so as to develop an
appreciation for the trade-offs that must be considered
in materials design and selection as well as the
relationships between structure, properties and
processing.
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MORAN, P.J., Professor, with M. Sunkara, A.K.
Rawat, R. A. Hays and E. J. Taylor, “Methods for
Detecting the Sites of Localized Corrosion Applicable
to Pipelines’, Proc. Vol. 95-16, Critical Factors
Localized Corrosion 11, p. 413, Electrochem. Soc.,
1996.

Two techniques for detecting localized corrosion sites
on the interior and/or exterior surfaces of structural
elements are described. The techniques rely on the
fact that the corroding interface has a much lower
“eectrochemical impedance” compared to the passive
interface. The procedure involves (a) applying a small
current signal (AC or DC) to the structural elements
and (b) detecting the low impedance sites by
measuring the leaking current distribution using the
magnetic field associated with the applied current
along the structural element or by measuring the
currents through multiple counter electrodes placed
along the structural element.

MORAN, P. J,, Professor, with D. A. Shifler, and J.
Kruger, * Effects of Sulfides on the Passivity of Carbon
Stedl in Organic Solutions’, Electrochimica Acta, Vol.
42, No. 4, pp. 567-577, 1997.

Corrosion is known to initiate at sulfide inclusionsin
agueous solutions. The effects of sulfides on the
passivity and the breakdown of passivity of 99.999%
iron and 1018 carbon steel was investigated in two
aprotic nonaqueous solvents; (1) propylene carbonate
(PC) with LiClO4 or LiASF6 as supporting electrolytes
and (2) dimethoxyethane (DME) with LiAsF6
electrolyte. Carbon steel was also examined in PC-
DME/LiAsF6 mixtures. Sulfides do not appear to
interfere with the Passivation when it is provided by
solvent adsorption in either nonaqueous solvent.
Sulfides may lower the solvent oxidation potential and
decrease the anodic potential at which breakdown
initially occursin either pure solvent. Sulfides also
influence the kinetics of repassivation above the
solvent oxidation potential of either solvent when
Passivation is provided by sat film formation or
electropolymerization. The bleeding of sulfur or
sulfide from inclusion sites where
electropolymerization has occurred in PC/DME
mixtures undermines attempts at Passivation and
promotesingtability leading to anodic current increases
with time and further corrosion of carbon steel.

MORAN, P.J., Professor, with M. Inman, E. Taylor,
A. Rawat, M. Sunkara, R. Kain, and R. Hays,
“Detection of Crevice Corrosion in Natural Seawater
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Using Polarization Resistance Measurements’, Paper
No. 296, Corrosion 97, NACE Annual Conference,
New Orleans, LA, March 1997.

The initiation time and propagation associated with
crevice corrosion on aloy 625 (UNS-N06625) and
S31603 (UNS-S31603) tubing in flowing natural
seawater has been successfully detected by polarization
resistance measurements. A subgtantial decrease in the
polarization resistance accompanied the initiation of
crevice corrosion which was confirmed by visual
observation of the attack through transparent crevice
formers and by a decrease in the corrosion potential.
After Sixty one days exposure, the test was terminated
and the degree of crevice corrosion attack was
guantified as area of attack, depth of penetration, and
massloss. Anexcdlent correlation between mass |oss
during the exposure period and the final polarization
resistance was obtained for both alloys. An inverse
correlation between area of attack and depth of
penetration with the final polarization resistance was
also examined. The utilization of polarization
resistance measurements for determining the onset of
crevice corrosion and the mass loss due to crevice
corrosion was clearly established. It isalso interesting
to note that the affected area of crevice corrosion for
the UNS-N06625 increased continually following
initiation while the depth of attack remained relatively
constant and shallow.

MORAN, P. J., Professor, with M. Inman, A. Rawat,
E. Taylor, and P. Moran, “Detection of Crevice
Corrosion Under an O-Ring by Polarization Resistance
Measurements Using Electrodes Imbedded in the O-
Ring”, Paper No. 312, Corrosion 97, NACE Annual
Conference, New Orleans, LA, March 1997.

An electrochemica sensor which incorporates a
counter electrode and a reference electrode into an o-
ring has been developed for in situ monitoring of
crevice corrosion initiation and propagation. It is
applicable to crevice corrosion situations where the
crevice is created by a gasket or an o-ring and the
attack occurs in that crevice. It is shown that
polarization resistance values calculated from in situ
electrochemical impedance measurements correlate
with the onset of crevice corrosion and with its
propagation for crevice corrosion of aloy 625 (UNS
N06625) in 3.5% NaCl and in 10% FeCl3 solutions.

PALMER, Sheila C., Assistant Professor, "Effect of
Evaporator Design Pressure on Dual-Pressure
Absorption Heat Pump Performance," International
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Ab-Sorption Heat Pump Conference, Montreal,
Canada, pp. 231-236 Sept. 1996.

A numerica anaysis of the effect of evaporator
pressure on performance is carried out for severa
direct-fired dual-pressure ammonia/water absorption
heat pumps utilizing a precooler in the refrigeration
loop. The evaporator pressure is shown to have lower
and upper limits. The evaporator pressure which
provides the maximum COP is the "optimum
evaporator pressure.” This study shows that the
evaporator pressure for dua-pressure absorption cycles
should be optimized to find the maximum COP. This
can also be viewed as optimization of the degree of
superheat into the absorber or as optimization of the
degree of subcooling into the evaporator. At the
maximum COP, the temperature differences at each
end of the precooler are equal to each other and the
minimum cycle pinch point for all cycles considered.

PALMER, Sheila C., Assistant Professor,
"Experimental Investigation and Model Verification
for aGAX Absorber,” International Ab-Sorption Heat
Pump Conference, Montreal, Canada, val. 1, pp. 367-
374 Sept. 1996.

In the ammonia-water generator-absorber heat
exchange (GAX) absorption heat pump, the heat and
mass transfer processes which occur between the
generator and the absorber are the most crucial in
assuring that the heat pump will achieve COPs
competitive with those of current technologies. In this
study, a model is developed for the heat and mass
transfer processes that occur in a counter-current
verticd fluted tube absorber (VFTA). Correlations for
heat and masstransfer in annuli are used to model the
processes in the VFTA. Experimental datais used to
validate the model for three different insert geometries.
Comparison of model results with experimental data
provides insight into model corrections necessary to
bring the model into agreement with the physical
phenomena observed in the laboratory.

RAOQOUF, R. A., Associate Professor and Palazotto, A.
N., “Nonlinear Analysis of Pressurized Spinning
Fiber-Reinforced Tori,” AIAA Journal, Vol. 34, No.
12, pp 2596-2603, 1996.

The symbolic manipulator Mathematica is used to
implement a procedure combining the theory of
elagticity, differential geometry, and variational
techniques to derive and solve a set of equations that
approximates the steady-state response of pressurized
spinning toroidal shells. The resulting set of nonlinear
equations is solved for various values of the applied



MECHANICAL ENGINEERING

pressure, fiber content, and spinning speeds.
Qualitative results are obtained and linear results are
compared and contrasted to nonlinear results.

RAOUF, R. A., Associate Professor and MALEK-
MADANI, R., “Stability Analysis of Thermo--Visco-
Plastic Materials Undergoing High-Rate Shear
Deformations,” Quarterly of Applied Mathematics,
accepted for publication.

This paper studies the stability of the homogeneous,
simple shear solution of a thermo-visco-plastic
material when subjected to a constant rate of shear.
The paper derives an explicit expression for the
stability criteria of the simple shear solution.
Numerical solutions using the method of lines are
presented.

RAOUF, R. A., Associate Professor, “A Study of the
Effects of Fiber Waviness on the Buckling
Characteristics of Laminated Plates,” Journal of
Reinforced Plastics and Composites, in press. Alsoin
the proceedings of the SPACE96 Conference.

The equations of equilibrium of a composite plate with
in-plane fiber waviness are derived and the effects of
waviness on the buckling loads are studied. The plate
is assumed to be in cylindrical bending and the
resulting eigenvalue problem is solved using a
combination of the shooting technique and the secant
method. A numerical example of a plate with
sinusoidal fiber waviness shows that the buckling load
decreases as the amplitude of the waviness increases.
However, resultsindicate that it is possible to enhance
the gability characteristics of the plate by introducing
artificial fiber waviness to increase its buckling load.

RAOQOUF, R. A., Associate Professor and Palazotto, A.
N., “Parametric Stability of Spinning, Composite Tori
under Periodic Internal Pressure,” International
Journal of Solids and Structures, submitted.

This paper studies the parametric stability of spinning,
fiber-reinforced tori when subjected to periodic
pressure. Thetori are assumed to be this and obey the
Love-Kirchhoff's assumptions. A combination of
differential geometry, theory of elasticity, and the
Rayleigh-Ritz technique is used to derive the
equilibrium eguations. These equations are linear
ordinary differential eguations with periodic
coefficients. The stability characteristics of these
equations are studied numerically using the Flogquet
theory and the perturbation method of multiple time
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scales. Stability results are presented for various
amplitudes and frequencies of the internal pressures
and spinning speeds.

RAOUF, R. A., Associate Professor, “Buckling of
Composite Plates with Fiber Imperfections,”
International Journal for Computers and Structures,
submitted.

This paper presents a simple analytical expression for
the buckling load of a fiber-reinforced composite plate
with fiber imperfections. The structural analysis is
based on the classical laminated plate theory and
assumes cylindrical bending. The solution strategy is
to derive the solution of the plate with fiber
imperfections as a perturbation to the solution of the
problem of a plate with straight fiber. The derived
expression is verified numerically using a numerical
shooting technique.

RAOUF, R. A., Associate Professor, “Learning,
Technology, and Grades” ASEE Journa of
Engineering Education, in preparation.

The rapid development and increasing popularity of
the Internet and the world wide web gives educators
the opportunity to test new and exciting learning and
teaching techniques. This paper documents the use of
the web within the mechanical engineering design
curriculum to enhance the students' educational
experience and use grades to reward learning.

RATCLIFFE, Coalin P., Assistant Professor, “Damage
Detection Using a Modified Laplacian Operator on
Mode Shape Data” The Journal of Sound and
Vibration V204(3) pp. 505-517, July 1997.

Localized damage to a structure affects its dynamic
properties, and much work has been undertaken
investigating the variation of natural frequencies with
damage. However, use of mode shape data has seen
much less effort. This paper develops and presents a
technique for identifying the location of structural
damage in abeam. The procedure operates solely on
the mode shape from the damaged structure, and does
not require a priori knowledge of the undamaged
structure. The procedure is developed using a one-
dimensional finite element model of a beam, and
demongtrated by experiment. When damage is severe
(a localized thickness reduction of more than 10%),
applying afinite difference approximation of Laplace's
differential operator to the mode shape successfully
identifies the location of the damage. However, when
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damage is less severe, further processing of the
Laplacian output isrequired before the location can be
determined. This post-processing enables the location
of thickness reductions of less than 0.5% to be
identified. The procedure is best suited to the mode
shape obtained from the fundamental natural
frequency. The mode shapes from higher natural
frequencies can be used to verify the location of
damage, but they are not as sensitive as the lower modes..

RATCLIFFE, Coalin P., Assstant Professor and Crane,
Roger M, Santiago, A. L. “Optimizing Reinforced
Polyurethane as a Combined Structural and Damping
Component.”  American Society of Mechanical
Engineers, Noise Control and Acoustics Division,
NCA-V23, Advanced Materials for Vibro-Acoustic
Applications Volume 2, pp. 1-8, 1996.

In many engineering applications, mechanical
vibration can cause structural failure or other
problems. While traditional composite systems are
typicaly more heavily damped than metal structures,
there may till be insufficient energy dissipation for
vibration control. When more control is required,
additional mechanical damping treatments may be
applied, commonly in the form of viscoelastic free or
constrained layers.

Reinforced polyurethane has been shown to be
both a structural system, and one that dissipates
significant amounts of vibration energy. This material
system has been shown to significantly enhance the
damping loss factor of cylindrica and flat plate
structures. For these structures, mechanical strength
and flexibility were the primary design requirements.
The level of damping for each structure was
guantified, but the material systems were not
optimized for energy dissipation.

The high level of damping in these reinforced
polyurethane systems was attributed to a combination
of the flexibility, i.e. high strains, of the material,
coupled with energy dissipation within the matrix. As
the system deforms, the matrix is subject to
time-varying shear, and energy is dissipated in the
matrix. ~ This mechanism can be likened to
micro-mechanical constrained layer damping.

This paper presents an experimental technique for
the determination of the damping of thin fiber
reinforced damping layers. A conventional composite
beam with varying thicknesses of reinforced
polyurethane was modally tested. The results of the
modal analysis were then processed to yield the
damping of the free layer. The experimentally
determined levels of damping were significantly higher
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than conventional free layer treatments, especialy at
low frequencies.

VOLINO, R.J, Assistant Professor. “A New Model
For Free-Stream Turbulence Effects On Boundary
Layers,” ASME paper 97-GT-122.

A model has been developed to incorporate more of the
physics of free-stream turbulence effects into boundary
layer calculations. Thetransport in the boundary layer
is modeled using three terms. 1) the molecular
viscosity, n; 2) the turbulent eddy viscosity, e;, as used
in existing turbulence models; and 3) a new free-
stream induced eddy viscosity, . The threeterms are
added to give an effective total viscosity. The free-
stream induced viscosity is modeled algebraically with
guidance from experimental data. It scales on the rms
fluctuating velocity in the free-stream, the distance
from the wall, and the boundary layer thickness. The
modd assumes a direct tie between boundary layer and
free-stream fluctuations, and a distinctly different
mechanism than the diffusion of turbulence from the
free-stream to the boundary layer assumed in existing
higher order turbulence models. The new model can
be used in combination with any existing turbulence
model. It istested here in conjunction with a simple
mixing length model and a parabolic boundary layer
solver.  Comparisons to experimental data are
presented for flows with free-stream turbulence
intensities ranging from 1 to 8% and for both zero and
non-zero streamwise pressure gradient cases.
Comparisons are good. Enhanced heat transfer in
higher turbulence cases is correctly predicted. The
effect of the free-stream turbulence on mean velocity
and temperature profiles is also well predicted. In
turbulent flow, the log region in the inner part of the
boundary layer is preserved, while the wake is
suppressed. The new model provides a simple and
effective improvement for boundary layer prediction.

MURAWSKI, C.G., with R. Songergaard, R.B. Rivir,
Simon, TW., Vé&fal, K., and VOLINO, R.J., Assistant
Professor. “Experimental Study of the Unsteady
Aerodynamicsin aLinear Cascade with Low Reynolds
Number Low Pressure Turbine Blades,” ASME paper
97-GT-095.

Low pressure turbines in aircraft experience large
changes in flow Reynolds number as the gas turbine
engine operates from takeoff to high altitude cruise.
Low pressure turbine blades are also subject to regions
of strong acceleration and diffusion. These changesin
Reynolds number, strong acceleration, as well as
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elevated levels of turbulence and periodic wake
passage disturbances can result in unsteady separation
and transition zones on the surface of the low pressure
turbine blade. An experimental study was conducted
in atwo-dimensional linear cascade, focusing on the
suction surface of alow pressure turbine blade. The
intent was to assess the effects of changesin Reynolds
number, and freestream turbulence intensity. Fow
Reynolds numbers, based on exit velocity and suction
surface length, have been varied from 50,000 to
300,000. The freestream turbulence intensity was
varied from 1.1 to 8.1 percent. Separation was
observed at all test Reynolds numbers. Increasing the
flow Reynolds number, without changing freestream
turbulence, resulted in a slightly rearward movement
of the onset of separation and shrinkage of the
separation zone. Increasing the freestream turbulence
intensity, without changing Reynolds number resulted
in arearward movement of the onset of separation, and
shrinkage of the separation region on the suction
surface. Increasing both flow Reynolds numbers and
freestream turbulence intensity compounded these
effects such that at a Reynolds number of 300,000 and
a freestream turbulence intensity of 8.1%, the
Separation zone was amost nonexistent. The influence
on the blade’'s wake of freestream turbulence and
Reynolds number are also documented. The width of
the wake and velocity defect rise with a decrease in
either turbulence level or chord Reynolds number.
Numercial simulations were performed in support of
experimental results. The numerical results compare

well qualitatively with the low turbulence experimental
Cases.

FLACK, K.A., Assstant Professor with VOLINO, R.J.
Assistant Professor. A Series - Paralel Heat
Exchanger Experiment,” ASME HTD Voal. 344, pp.
27-34.

An experimental apparatus has been designed to test
the use of cross flow heat exchangers in series and
parallel configurations. The experiment can be used in
a number of ways to demonstrate heat exchanger
performancein alaboratory. The apparatus consists of
threeidentica fin-tube type cross flow heat exchangers
mounted on a board which is instrumented with
thermocouples, flow meters and a pressure transducer.
The apparatus can be set to test the performance of a
solo heat exchanger, two or three heat exchangersin
seriesor parallel, or combinations incorporating both
series and parallel configurations. The apparatus is
relatively smple, inexpensive and versatile. 1t may be
used in avariety of configurations for several types of
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student laboratories ranging from demonstrations to
design projects. This allows the instructor to design
and change experiments for a specific course. The use
of an apparatus such as this gives students hands-on
experience with experimental procedures and helps
them to gain a physical understanding of heat transfer
phenomena.

WU, Chih, Professor, “Analysis of waste-heat
thermoelectric power generators,” Applied Thermal
Engineering, v16, #1, (1996), pp. 63-70.

A real thermoelectric power generator utilizing waste
heat is proposed. The generator is treated as an
external and internal irreversible heat engine. The
specific power output of the generator is analyzed and
compared with that of the Carnot, endoreversible and
external reversible thermoelectric heat engines.

WU, Chih, Professor, “General performance
characteristics of a finite-speed Carnot refrigerator,”
Applied Thermal Engineering, vol6, #4 (1996), pp.
299-304.

The general performance characteristic of a finite-
speed Carnot refrigerator is investigated. The
relationship between the COP and the cooling load of
the refrigerator is obtained for several different heat
transfer cases. The result provides a realistic design
criterion for actual refrigerators.

WU, Chih, Professor, “The R-e characteristics of a
three-heat-source refrigeration cycle” Applied
Therma Engineering, v16, #11, (1996), pp. 901-906.

The influence of irreversibilities of finite-rate heat
transfer and heat leak on the performance of a
refrigerator driven by low grade heat transfer rather
than high grade work is investigated by means of an
endoreversible three-heat-source cycle model. The
cooling rate and coefficient of performance are adopted
to be objective functions for optimization. The optimal
performance of the refrigeration cycle is analyzed.
Some new results are obtained. For example, the
maximum cooling rate and corresponding coefficient
of performance are determined. The maximum
coefficient of performance and corresponding cooling
rate are shown. The curves indicating the performance
characteristics of the refrigeration cycle are presented.
The results obtained here will play an instructive role
in the exploitation of real refrigerators.

WU, Chih, Professor, “Heat transfer effect on the
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specific heating load of heat pumps,” Applied Thermal
Engineering, v16, #12, (1996), pp. 989-997.

The maximum possible specific heating load that can
be obtained from two-heat-reservoir heat pumps with
a set of high temperature heat sinks and low
temperature heat sources is analyzed. The heat pumps
considered in this paper include (1) externaly and
internally reversible, (2) externally irreversible and
internally reversible, (3) externally reversible and
internaly irreversible and (4) externally and internally.
irreversible heat pumps. The irreversibilities are
assumed to be caused by heat transfer only. The
specific heating load, defined as the heating load per
unit total heat exchanger surface area, is adopted as the
objective function for the heat pump performance
analysisin this paper.

WU, Chih, Professor, “Heat transfer effect on the
specific cooling load of refrigerators,” Applied
Thermal Engineering, v17, #1, (1997), pp. 103-110.

The maximum possible specific cooling load that can
be obtained from two-heat-reservoir refrigerators with
a set of high temperature heat sinks and low
temperature heat sourcesis analyzed. The refrigerators
considered in this paper include (1) externaly and
internally reversible, (2) externally irreversible and
internally reversible, (3) externally reversible and
internally irreversible and (4) externally and internally
irreversible refrigerators. The irreversibilities are
assumed to be caused by heat transfer only. The
specific cooling load, defined as the cooling load per
unit total heat exchanger surface area, is adopted as the
objective function for the refrigerator performance
analysisin this paper.

WU, Chih, Professor, “Optimization of solar
absorption  refrigerator,” Applied  Thermal
Enagineering, v17, #2, (1997), pp. 203-208.

A solar refrigerator is made of a solar collector and a
refrigeration system. Rea solar refrigerators are
usualy operating between two limits, maximum COP
(coefficient of performance) and maximum cooling
load. The relationships among the solar collector
temperature, COP and cooling load are derived in this
paper. The optimum collector temperatures under the
conditions of either maximum COP or maximum
cooling load are found. The results provide a
theoretical base for designing real solar refrigeration
systems.
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WU, Chih, Professor, “Influence of heat transfer law
on the performance of Carnot heat engine,” Applied
Thermal Engineering, v17, #3, (1997), pp. 277-282.

This paper derives the relations between optimal
efficiency and power output of Carnot engines with
heat transfer laws of g< (AT™) and g= (AT)". The
bounds of efficiency at maximum power output are
also given. Theresults, which are different from those
based on Newton's law g AT, involve some which
have previously been presented.

WU, Chih, Professor, “A generalized model of area
refrigerator and its performance,” Applied Thermal
Enagineering, v17, #4, (1997), pp. 401-412.

The sole irreversibility considered in classical
endoreversible Carnot refrigerator model is the heat
resistance loss between the refrigerator and its
surrounding hest reservoirs. This paper presents a new
steady-dtate flow irreversible Carnot refrigerator model
by taking additional account of several interna
irreversibilities of the refrigerator such as heat leak,
friction, turbulance, etc. This is done by using a
constant parameter and a constant coefficient together
with the heat resistance loss. Anaysis and
optimization of the model are carried out to investigate
the effect of the various irreversibilities on the
performance of the model. Numerical examples are
made to illustrate the effectiveness of the model.

WU, Chih, Professor, “Steady flow combined
refrigeration cycle performance with heat leak,”
Applied Thermal Engineering, paper accepted for
publication.

The Influence of bypass heat leak on the optimal
performance of a combined refrigeration cycle is
examined in this paper. Thisis done by adding a heat
lesk term into an endoreversible combined cycle. The
relationships  between optimal cooling load and
coefficient of performance (COP), as well as the
maximum COP and the corresponding cooling load for
a Seady-date irreversible combined refrigeration cycle
are derived. The performance characteristic of the
irreversible combined cycle is found to be strongly
affected by the rate of heat leak. This model allows a
more reasonable prediction of the performance for an
actual combined refrigeration cycle than that obtained
through a conventional ideal cycle analysis.

WU, Chih, Professor, “Effect of heat transfer law on
finite time exergeoeconomic performance of real heat
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engines,” ENERGY :The International Journal, v21,
#12, (1996), pp. 1127-1134.

Finite-time energoeconomic analysis is a combination
of finite-time thermodynamics and energoeconomics
(or thermoeconomics). It emphasizes the optimistic
compromise between economics (profit) and the
utilization factor of energy (efficiency vs. coefficient of
performance). The relation between optimal profit and
efficiency of an endoreversible Carnot engine is
derived based on arelatively general heat transfer law,
g<A(T"). The efficiency bounds at the maximum
profit, termed finite-time energoeconomic perform
bounds, are obtained for three common hesat transfer
laws: Newton’s Law (n=1), Linear pheomenological
Law in irreversible thermodynamics (n=-1), and the
radiative heat law (n=4).

WU, Chih, Professor, “Maximum power from
combined cycle isotherma endoreversible chemical
engines,” Energy:The International Journal, paper
accepted for publication.

A chemical engine processes mass flow to convert the
differences in chemical potentials into work. An
isothermal endoreversible chemical engine, in which
the sole irreversibility is finite-rate mass transfer, is
modeled in this paper. The expression of maximum
power from the model using the analogous method of
finite-time thermodynamics for a combined-cycle heat
engine, is derived. An important result shows that the
efficiency at maximum power output is half of the
maximum efficiency for chemical and heat engines.

WU, Chih, Professor, “Optimization of a two-stage
combined refrigeration system,” _Energy Conversion
and Management, v37, #3, (1996), pp. 353-358.

The optimal performance of atwo-stage refrigeration
system affected by the irreversibility of finite-rate heat
transfer is analyzed by using an endoreversible
combined cycle model with continuous flow. It is
proven that the optimal COP is a monotonically
decreasing function of the specific cooling rate for a
two-stage endoreversible combined refrigeration
system. The optimal temperatures of the working fluid
in the isothermal processes of a cycle are determined.
The optimal distribution of the heat transfer area are
also discussed. The results obtained can provide a tool
for practising engineers for designing two-stage
refrigeration systems.

WU, Chih, Professor, “General performance

characteristics of an n-stage endoreversible combined
power cycle system at maximum specific power
output,” Energy Conversion and Management,v37, #9,
(1996) pp. 1401-1406.

A genera endoreversible cycle model with continuous
flow is used to study the performance characteristics of
an n-stage combined power system affected by the
irreversibility of finite-rate heat transfer. The specific
power output is chosen as an objective function for
optimization. The maximum specific power output of
the system is derived. The optima performance of
other parameters of the system, such as the
temperatures of the working fluids in respective cycles
and the heat-transfer areas of the heat exchangers, is
also discussed. The general results obtained can
describe the optimal characteristics of an arbitrary-
stage endoreversible combined power system operating
between two hesat reservoirs.

WU, Chih, Professor, “Performance of an
endoreversible  Carnot  refrigerator,”  Energy
Conversion and Management, v37, #10, (1996), pp.
1509-1512.

The performance characteristic of an endoreversible
Carnot refrigerator is investigated. The relationship
between the coefficient of performance and the cooling
load of the refrigerator is obtained. The results
provides a realistic design criterion for actua
refrigerators.

WU, Chih, Professor, “Heat exchanger effect on agas
refrigeration cycle” Energy Conversion and
Management, v37, #10, (1996), pp. 1513-1516.

The heat exchanger effect on the power input of agas
refrigerator with agiven cooling load is analyzed. The
finite-time thermodynamic model adopted is a Brayton
cycle coupled to a heat source and a heat sink with two
heat exchangers. Both the heat source and heat sink
have infinite heat capacity rates. Mathematical
expressions for minimum power input and other
characteristics of the refrigerator at minimum power
are obtained for the cycle. The results of this
theoretical work provide base line criteria for use in
the performance evaluation and design of such
refrigeration cycle as well as for use in performance
comparsions with existing refrigerators.

WU, Chih, Professor, “Performance analysis of solar
three-heat-reservoir  cooling systems,” Energy
Conversion and Management, v37, #11, (1996),
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pp. 1671-1676.

The optimum performance of a solar three-heat-
reservoir cooling system which consists of a solar
collector and a three-heat-reservoir cooler is studied.
The analysis is based on the linear (conventional
and/or conductive) and radiative heat transfer models
of solar collectors and the general optimum
characteristics of endoreversible three-heat-reservoir
coolers with Newton's and linear phenomenol ogical
heat transfer laws between the working fluid and the
reservoirs of the coolers. The overall COP (coefficient
of performance) of the system is adopted as the
objective function of the performance analysis. The
optimum operating temperatures of the collectors at
the sysems maximum possible COP or at the systems
maximum possible cooling load are carried out. The
results provide the basis for designing a real solar
three-heat-reservoir cooling system.

WU, Chih, Professor, “Finite time anaysis of a
geothermal heat engine driven air conditioning
system,” Energy Conversion and management, v38,
#3, (1997), pp. 263-268.

A geothermally powered, low temperature Rankine
cycle used to operate a conventional mechanical
compression air conditioning system is analyzed using
afinite-time thermodynamic approach to determine the
optimum performance of such a system. The system is
considered to be endoreversible. That is, the only
irreversibilities are those associated with the heat
transfers between the system and the surrounding
thermal reservoirs. This approach provides a more
conservative prediction of the performance than does
the Carnot theoretical heat engine and air conditioning
unit.

WU, Chih, Professor, “Optimal coefficient of
performance and heating load relationship of athree-
heat-reservoir endoreversible heat pump,” Energy
Conversion and Management, v38, #8, (1997), pp.
727-734.

The relationship between the optimal COP (coefficient
of performance) and the heating load of a three-heat-
reservoir endoreversible heat pump (including both
temperature amplifier and heat amplifier cycles) with
non-linear heat transfer (phenomenological law in
irreversible thermodynamics) is derived. The results
presented in this paper are different from those
obtained with a linear heat transfer law. The
relationships provide atheoretical basis for developing
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and utilizing a variety of three-heat-reservoir heat
pumps.

WU, Chih, Professor, “Theoretical analysis of the
performance of a regenerative closed Brayton cycle
with irreversibilities,” Energy Conversion and
Management, v38, #9, (1997), pp. 871-877.

Performance analysis of a real power cycle has been
performed by using finite-time thermodynamics in this
paper. The analytical formulas about the relations
between power output and pressure ratio, and
efficiency and pressure ratio of an irreversible closed
regenerated Brayton cycle coupled to variable-
temperature heat reservoirs are derived. In the
analysis of this paper, the irreversibilities involve the
heat resistance losses in the hot- and cold-side heat
exchangers and the regenerator, and the irreversible
(nonisentropic) expansion and compression 1osses in
turbine and compressor. The optima performance
characteristics of the cycle may be obtained by
optimizing the distribution of heat conductances or
heat-transfer surface areas among two heat exchangers
and regenerator, and the matching between working
fluid and heat reservoirs. For the specified heat
reservoir conditions, the power output is strongly
dependent on the effectiveness of the regenerator, and
there exists an optimal matching among the
effectiveness of the hot- and cold-side heat exchangers
and the regenerator. The conclusions are different
from those obtained by conventional analysis of real
engineering cycle.

WU, Chih, Professor, “Optima performance of an
endoreversible Carnot heat pump,” Energy Conversion
and Management, v38, #14, (1997), pp. 1439-1444.

The relation between the optimal coefficient of
performance and the cooling load of a three-heat-
reservoir endoreversible refrigerator with nonlinear
heat transfer condition is derived. The results
presented in this paper are different from those with
Newton's linear heat transfer law. The relationships
provide atheoreticad basis for developing and utilizing
of avariety of three-heat-reservoir refrigerators.

WU, Chih, Professor, “Optimal collector temperature
for solar driven heat pump systems,” Energy Conversion
and Management, v17, #2, (1996), pp. 73-78.

The optimal characteristic of a solar-driven heat pump
system consisting of a solar collector and a three-heat-
reservoir heat pump is performed. The overall COP
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(coefficient of performance) of the system is adopted to
be the objective function of the study. The optimum
operating temperature of the solar collector at the
system's maximum possible COP or at the system's
maximum possible heating load are found. The results
provide atheoretical basis for designing a real solar-
driven heat pump system.

WU, Chih, Professor, “Performance characteristic of
isothermal endoreversible chemical engines,”_Energy
Conversion and Management, v38, #18, (1997), pp.
1841-1846.

Chemical engines processes mass flow to convert the
differences in chemical potentials into work. An
isothermal endoreversible chemical engine, in which
the sole irreversibility is finite-rate mass transfer, is
modeled in this paper. The power versus efficiency
relationships of the chemical engine using the
analogous method of finite-time thermodynamics for
a heat engine, are derived. The performance
comparsion between a heat engine and a chemical heat
engineis carried out.

WU, Chih, Professor, “The influence of internal heat
leak on the power vs efficiency characteristics of heat
engines,” Energy Conversion and Management, v38,
#14, (1997), pp. 1501-1508.

The influence of internal heat leak on the optimal
performance of heat engines is examined in this paper.
Relation between optimal power output and efficiency
for a steady state irreversible heat engine with
irreversibilities due to external heat resistance and
internal heat leak is derived. The power versus
efficiency characteristics obtained in this paper is
qualitatively different from that of an endoreversible
heat engine. The characteristics is also in good
agreement with that of areal heat engine.

WU, Chih, Professor, “A multi-stage endoreversible
refrigerator for low temperature applications,” The
International Journal of Ambient Energy, v17, #1
(1996), pp. 49-54.

A multi-stage endoreversible refrigerator for low
temperature applications is modeled and described. A
performance analysis of the system is carried out. The
optimal combination between two adjacent cycles in
the multi-stage system is discussed. The optimal ratios
of the temperatures of the working fluids in the heat
transfer processes and the optimal distribution of the
heat transfer areas of the heat exchangers in the multi-
stage system are also determined.
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WU, Chih, Professor, “ Optimum collector temperature
for solar heat engines ,” International Journal of
Ambient Energy , v17, #2, (1997), pp. 73-78.

Four solar collector models are presented for a solar
heat engine designed to function either at its maximum
possible efficiency or at its maximum possible output
power in this paper. The operating temperatures of the
solar collectors under these conditions are found. The
results provides the basis for designing a real solar
heat engine.

WU, Chih, Professor, “Optimization of steady flow
refrigeration cycles,” International Journal of Ambient
Energy, v17, #4, (1996), pp. 199-206.

Thefinite-time thermodynamic performance of steady
flow refrigeration cycles are studied for both finite and
infinite thermal capacitance rates of heat reservoirs.
The fundamental optimal relations of the cycles are
obtained. A comparison of the performance
characteristics of the cycles for the same boundary
conditions is shown. The effects of finite thermal
capacitance rates of the working fluid and heat
reservoirs, and the internal irreversibilities of the
cycles on their performance are analyzed. Optimal
matching between the temperatures of the working
fluid and heat reservoirsis discussed.

WU, Chih, Professor,”Heat pump performance with
internal heat leak,” International Journal of Ambient
Energy, v18, #3, (1997), pp. 129-134.

Influence of internal heat leaks on the optimal
performance of aheat pump is examined in this paper.
This is done by adding a heat leak term into an
endoreversible heat pump. The relation between
optimal heating load and coefficients of performance
for a steady-state irreversible heat pump is derived.
The performance characterigtics of the irreversible heat
pump isfound to be deeply affected by the rate of heat
lesk. Thismode allows more reasonable prediction in
the performance of an actual heat pump.

WU, Chih, Professor, “Maximum profit performance
of an absorption refrigerator,” International Journal of
Energy, Environment and Economics, v4, #1, (1996),

pp. 1-7.

The operation of an absorption refrigerator is viewed
asaproduction process with exergy asits output. The
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relations between the optima profit and COP
(coefficient of performance) and the COP bound at the
maximum profit of the refrigerator are derived based
on a general heat transfer law. The results provide a
theoretical basis for developing and utilizing a variety
of absorption refrigerators. The focus of this paper isto
search the comprise optimization between economics
(profit) and the utilization factor (COP) for finite-time
endoreversible thermodynamic cycles.

WU, Chih, Professor, “ Specific power optimization for
Carnot combined power plants,” International Journal
of Energy, Environment and Economics, v4, #1,
(1996), pp. 9-16.

Performance optimization of a combined cycle formed
by two endoreversible Carnot cycles in series without
intermediate reservoirsisinvestigated using finite-time
thermodynamics in this paper. The fundamental
relation between work and efficiency of the combined
cydeisderived for the combined cycle. Relations are
found between optimal specific power (average power
per unit of total heat-transfer surface area) and the
efficiency for reciprocating and steady flow heat
engine combined cycles. The maximum specific power
and the corresponding efficiency relationship are aso
carried out. The results can be extended to an
endoreversible, combined power plant formed by more
than two endoreversible Carnot cycles.

WU, Chih, Professor, “Finite time thermodynamic
performance of an isentropic closed regenerated
Brayton refrigeration cycle,” International Journal of
Energy, Environment and Economics, v4, #4, (1997),
pp. 261-274.

Finite-time thermodynamic performance of isentropic
closed regenerated Brayton refrigeration cycles coupled
to constant- and variable- temperature heat reservoirs
has been analyzed in this paper. The relations between
cooling load and pressure ratio, and between COP
(coefficient of performance) and pressure ratio are
derived for the two cases of heat reservoirs. In the
analysis, the sole irreversibilities are the heat
resistance losses in the heat exchangers between
working fluid and the high- and low-temperature heat
reservoirs and in the regenerator. A numerical
exampleis also given.

WU, Chih, Professor, “The influence of heat transfer
law on the endoreversible Carnot refrigerator,” Journal
of the Institute of Energy, v69, #480, (1996), pp. 96-
100.

a7

The general performance characteristic of a finite-
speed Carnot refrigerator is investigated. The
relationship between the coefficient of performance
and the cooling load of the refrigerator is obtained for
several different heat transfer cases. The result
provides a realistic design criterion for actua
refrigerators.

WU, Chih, Professor, “Performance analysis of an
irreversible Brayton cycle via method of finite-time
thermodynamics,” Journal of the Institute of Enerqgy,
V70, #482, (1997), pp. 2-8.

A finite-time thermodynamic analysis on areal closed
Brayton cycle is performed in this paper. Analytical
characteristic formulas (relationships among power
output, compressor pressure ratio and thermal
efficiency) of the cycle coupled with its surrounding
hesat reservoirs are derived. The optimal characteristics
of the cycle may be obtained by optimizing the
distribution of heat conductances and heat transfer
surface areas of the two heat exchangers between the
cycle and its surrounding heat reservoirs.

WU, Chih, Professor, “Performance analysis of an
irreversible Brayton heat engine,”_Journal of the
Institute of Energy, paper accepted for publication.

The performance of an irreversible Brayton heat
engineis analyzed. Analytical formulas related power
output, pressureratio, and efficiency of the heat engine
coupled to either constant- or variable-temperature
heat reservoirs are derived. The irreversibilities
considered include heat resistance losses in the hot-
and cold-side heat exchangers, and nonisentropic
expansion and compression losses in the turbine and
compressor. The optimal performance characteristics
of the heat engine is obtained by optimizing the
distribution of heat conductances or heat-transfer
surface areas between the heat exchangers, and the
matching between the working fluid and heat
reservoirs.

WU, Chih, Professor, “Power economics of renewable
energy endoreversible heat engines,” International
Journal of Power and Energy Systems, v16, #1, (1996),
pp. 24-28.

One key economic requirement for the
commercialization of renewable energy is the power
cost competitiveness of renewable energy heat engines
with current conventional central power plants. Since
the fuel cost of the renewable energy heat engines is



MECHANICAL ENGINEERING

free, the power cost is dominated by capital plant costs.
The costs of heat exchangers between a heat engine
and its surroundings usualy dictate the total capital
plant cost. A specific power analysis of renewable heat
engines utilizing output power per unit total heat
exchanger surface areais adopted in this paper as the
objective function in determining power economics.

WU, Chih, Professor, “Performance characteristic of
an endoreversible Stirling refrigerator,” accepted for
publication, International Journal of Power and Energy

Systems,

An endoreversible Stirling refrigerator is modeled in
this paper. The performance characteristic
relationships among working fluid temperatures, COP
(coefficient of performance) and cooling load of the
endoreversible refrigerator is derived in this paper.
These equations provide a base for practicing
engineers to design a new refrigerator.

WU, Chih, Professor, “Optima performance
coefficient and cooling load relationship of a three-
heat-reservoir endoreversible refrigerator,”
International Journal of Power and Energy Systems,
v17, #3, (1997), pp. 206-208.

The relation between the optimal coefficient of
performance and the cooling load of a three-heat-
reservoir endoreversible refrigerator with nonlinear
heat transfer condition is derived. The results
presented in this paper are different from those with
Newton's linear heat transfer law. The relationships
provide atheoreticad basis for developing and utilizing
of avariety of three-heat-reservoir refrigerators.

WU, Chih, Professor, “Effect of heat resistance on the
performance of closed gas turbine regenerative cycles,”
accepted for publication, International Journal of
Power and Energy Systems.

The effect of heat resistance on the performance of a
closed gasturbine regenerative cycle is examined. The
analysisfocuses on the heat resistances associated with
the hot and cold side heat exchangers as well as with
the regenerator of the cycle. The relations among
power output, thermal efficiency and compressor
pressure ratio are derived by considering the
irreversibilities of heat resistance losses in the three
heat exchangers and non-isentropic power losses in
compressor and turbine. The results indicate that the
power output of the cycleis strongly dependent on the
effectivenesses of the three heat exchangers. It is
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concluded that there exist some optimal temperature
matching among the working fluid of the cycle and the
working fluid of the surrounding heat reservoirs for
maximum power production.

WU, Chih, Professor, “Analysis of MODM for marine
steam turbine stages,” International Journal of Power
and Energy Systems, paper accepted for publication.

The advantages of using a multi-objective decision
making (MODM) method in the design optimization
of a marine steam turbine stage and/or stage group is
discussed in this paper. Two computer models capable
of optimizing significant design variables of the
turbine are described. Also discussed is the criteria for
selection of the decision making variables and the
objective functions, the assumptions made for the
constraints within which the solution is searched and
the optimization procedure. Cascade losses are
predicted by three different methods. The computer
programs developed for this analysis were run
successfully on microcomputer. Analytical results of
MODM for a turbine stage and a stage group is
provided and an analysis of the influence of the
number of stages on the efficiency of a steam turbine
is given. The calculations show the method to be
effective.

WU, Chih, Professor, “Preliminary design
optimization of marine dua tandem gear,”
International Journal of Power and Energy Systems,
v17, #3, (1997), pp. 218-222.

On the basis of pinion size formulas previousy
deduced by the authors, this paper advances an
optimization method for the preliminary design of
marine dual tandem gear (with two power inputs and
two power paths). In this method, the reduction ratios
and helix anglesfor first and second reduction of each
power input are taken as the optimization variables,
and the total weight of gear is taken as the objective
function. The results of optimization show the
accuracy and convergence of the algorithm.

WU, Chih, Professor, “Multi-objective optimum design
method for aradial axial flow turbine with optimum
criteria of blade twist at outlet of blades,”_International
Journd of Power and Energy Systems, paper accepted
for publication.

This paper gives a multiobjective optimum design
method for aradial-axial flow turbine stage which is
subject to various engineering construction constraint.
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Five parameters (o, P, K U, and m) at the mean
radius and the criteria of blade twist at the outlet of
blades.These constraints and criteria are taken as
design variables, and both the internal efficiency of the
design condition and the total weight are taken as the
objective functions. The model presented is a nonlinear
multiobjective programming problem with two
objective functions, twenty nine constrained functions
and six variables. The optimization statement for a
variety of types of twisted bladesis also provided. The
results show the method to be valid and effective.

WU, Chih, Professor, “Optimum design of centrifugal
compressor stages,”_International Journal of Power and
Energy Systems, paper accepted for publication.

The design of an axial flow compressor stage at
subsonic Mach numbers has been formulated as a
nonlinear multiobjective mathematical programming
problem with the objective of minimizing the
aerodynamic losses and the weight of the stage, while
maximizing the compressor stall margin
Aerodynamic as well as mechanical constraints are
considered in the optimization. The Prediction model
of estimating the performance characteristics, such as
efficiency, weight and stall margin of the compressor
stage is presented. The present design optimization
procedure can be applied also to a multistage
COMpressor.

Presentations

FLACK, K.A., Assistant Professor, "Experimental
Investigation of Three-Dimensional Flow Separation,”
ASME Huid Engineering Division Summer Meeting,
San Diego, CA, July 7-11, 1996.

JOYCE, James A., Professor, “Ductile-to-Brittle
Transition Characterization of Using Surface Crack
Specimens Loaded in Combined Tension and
Bending,” 28th National Fatigue and Fracture
Mechanics Symposium, 26 June 1996, Saratoga
Springs, New Y ork.

JOY CE, James A., Professor, “ Development of a New
Method to Assure the Integrity of Reactor Pressure
Vessals in the Ductile-to-Brittle Fracture Transition
Regime, 15 Nov. 1996, Univ. of Texas, Austin, Texas.

JOYCE, James A., Professor, “Ti-6-4 Klc Crack
Length Ratio Study,” ASTM Week, 19 November
1996, New Orleans, Louisiana

JOY CE, James A., Professor, “On the Utilization of
High Rate Charpy Test Results and the Master Curve
to Obtain Accurate Lower Bound Toughness
Prediction in the Ductile-to-Brittle Transition,” 14
January 1997, New Orleans, Louisiana.

JOYCE, James A., Professor, “Technical Justification
of Negative Ballot - To Reference Temperature
Proposed Standard,” United States Nuclear Regulatory
Commission, Bethesda, Maryland,

12 October 1996.
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JOYCE, James A., Professor, “Predicting the Ductile-
to-Brittle Transition in Nuclear Pressure Vessel Steels
from Chahrpy Surveillance SpecimensTMS Annual
Meeting, 11 February 1997.

JOYCE, James A., Professor, “ Development of a New
Method to Assure the Integrity of Reactor Pressure
Vessals in the Ductile-to-Brittle Fracture Transition
Regime, Solids, Structures and Materials Seminar, The
University of Texas, 15 November 1996.

MINER, S. M., Asociate Professor, "CFD Analysis of
the Flow Distribution in the Header of a Filtration
System,” ASME Huids Engineering Division Summer
Meeting, San Diego, CA, July 1996.

MINER, S. M., Associate Professor, "Fundamental s of
Fluid Mechanics,” Computational Fluid Dynamics
Using Finite Elements Short Course, University of
Maryland, November 1996.

MINER, S. M., Associate Professor, "CFD Analysis of
an Axia Flow Pump Impdler Using a Coarse Grid," to
be presented at the Third Pumping Machinery
Symposium, Vancouver, British Columbia, June, 1997.

MORAN, A.L., Associate Professor, with R.Rebis,
"Test and Evaluation of Spray Formed Alloy 625",
1996 World Congress on Powder Metallurgy and
Particulate Materials, Washington, DC, June 1996.

MORAN, A.L., Associate Professor, "Engineering
Education, Opportunities and Employment,” Loyola
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College Engineering Seminar, Baltimore, MD, April
1997.

MORAN, A.L., Associate Professor, with P.C. Saxton,
M. Harper and K. Lindler, "Materials Design and
Selection for TPV Emitter,” ASNE presentation,
AnnapolisMD, April 1997

MORAN, A.L., Asociate Professor, with P.C. Saxton,
M. Harper and K. Lindler, "Materials Selection for TPV
Emitter,” IECEC Conference, Honolulu, Hawaii, July 1997.

MORAN, A.L., Associate Professor, "Advances in
Intelligent Manufacturing,” invited presentation,
National Academy of Engineering Frontiers of
Engineering Symposium, Irvine, CA, September 1997

MORAN, P.J,, Professor, with M. Inman, E.J. Taylor,
A. Rawat, M. Sunkara, R.M. Kain, and R.Hays,
“Detection of Crevice Corrosion in Natural Seawater
Using Polarization Resistance Measurements”’,
Corrosion 97, Nationd Assoc. of Corrosion Engineers,
New Orleans, LA, March 1997

MORAN, P.J., Professor, with M. Inman, A. Rawat,
and E.J. Taylor, “Detection of Crevice Corrosion
Under an O-ring by Polarization Resistance
Measurements Using Electrodes Embedded in the O-
ring”, Corrosion 97, National Assoc. of Corrosion
Engineers, New Orleans, LA, March 1997

MORAN, P. J, Professor, “The Thermodynamics
which Govern Corrosion”, University of Virginia,
Charlottesville, VA, June 1997

MORAN, P.J., Professor, “Electrochemical Reaction
Rates and Corrosion Processes’, University of
Virginia, Charlottesville, VA, June 1997

MORAN, P.J., Professor, * Methods for Predicting and
Controlling Corrosion Rates’, University of Virginia,
Charlottesville, VA, June 1997

MORAN, P.J, Professor, “ AC Electrochemical
Methods for the Characterization of Corroding
Interfaces’, University of Virginia, Charlottesville,
VA, June 1997

PALMER, Sheila C., Assistant
Professor,"Effectiveness of the Woodruff School
Doctoral Teaching Intern Program,” American Society
of Engineering Education Annual Meeting,
Washington, D.C., June 1996.
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PALMER, Sheila C., Assistant Professor, "Effect of
Evaporator Design Pressure on Dual-Pressure
Absorption Heat Pump Performance,” International
Ab-Sorption Heat Pump Conference, Montreal,
Canada, Sept. 1996.

PALMER, Sheila C., Assistant Professor,
"Experimental Investigation and Model Verification
for aGAX Absorber,” International Ab-Sorption Heat
Pump Conference, Montreal, Canada, Sept. 1996.

PUZINAUSKAS, Paulius V., Assistant Professor,
Engine Combustion Anaysis Demonstration,
Advanced Engine Technology Conference, SuperFlow
Corporation, Colorado Springs CO, 21-22 January 1997.

PUZINAUSKAS, Paulius V., Assistant Professor,
“Engine Research and Education at the US Naval
Academy,” Baltimore Section SAE Meeting, USNA,
27 March 1997.

RAOUF, Raouf A., Associate Professor, “ Collaborative
Learning: Prerequisites and Consequences,” Center for
Teaching and Learning, U.S. Nava Academy,
Annapolis, MD, 1 November 1996.

RATCLIFFE, Colin P., Assistant Professor and
BARTON Oscar, “Modal Analysis of a Thick
Sandwich Plate: a Comparison Between Theory And
Experiment.” C.P. Ratcliffe and O. Barton. The
Society for Experimental Mechanics, International
Modal Analysis Conference IMAC-XV, Orlando,
1997.

RATCLIFFE, Colin P., Assistant Professor and
Hoerst, Brian C., “Damage Detection in Beams Using
Laplacian Operators on Experimental Modal Data.”
The Society for Experimental Mechanics, International
Modal Analysis Conference IMAC-XV, Orlando,
1997.

RATCLIFFE, Colin P., Assistant Professor, CRANE,
Roger M. and SANTIAGO, Armando L.,
“Experimental Modal Analysis Comparison of the
Vibration Damping Properties of Composite Cylinders
Measured In-Air and Underwater.” The Third Joint
Meeting, Acougtical Society of America and Acoustical
Society of Japan, Honolulu, 1996.

RATCLIFFE, Colin P., Assistant Professor, CRANE,
Roger M. and SANTIAGO, Armando L., “Optimizing
Reinforced Polyurethane as a Combined Structural and
Damping Component.” Winter Annual Meeting of the
American Society of Mechanical Engineers, Atlanta, 1996.
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VOLINO, R.J. Assistant Professor, with G.B. Smith,
R.l. Leighton and W. McKeown. “Effect of a Vortex
Pair on the Temperature Field at a Free Surface,” 49th
Annua Meeting of the Division of Fluid Dynamics of
the American Physical Society, Syracuse, New Y ork,
November 24-26, 1996.

VOLINO, R.J, Assistant Professor, with G.B. Smith,
R.A. Handler and R.I. Leighton. “Simulation of a
Vortex Pair at a Free Surface with Heat Transfer,”
49th Annual Meeting of the Division of Fluid
Dynamics of the American Physical Society, Syracuse,
New Y ork, November 24-26, 1996.

VOLINO, R.J, Assistant Professor. “A New Model
For Free-Stream Turbulence Effects On Boundary
Layers,” 42nd ASME International Gas Turbine &
Aeroengine Congress, Exposition and Users
Symposium, Orlando, Florida, June 2-5, 1997.

VOLINO, R.J, Assistant Professor, with C.G.

Murawski, R. Songergaard, R.B. Rivir, T.W. Simon,
and K. Vafai “Experimental Study of the Unsteady
Aerodynamicsin aLinear Cascade with Low Reynolds
Number Low Pressure Turbine Blades,” 42nd ASME
International Gas Turbine & Aeroengine Congress,
Exposition and Users Symposium, Orlando, Florida,
June 2-5, 1997.

VOLINO. R.J, Assistant Professor, and FLACK,
K.A., Assistant Professor, “A Series - Parallel Heat
Exchanger Experiment,” ASME National Heat
Transfer Conference, Batimore, Maryland, August 10-
12, 1997.

WU, Chih, Professor, “Using ICAI (Intelligent
Computer Aided Instruction) software to enhance
teaching of thermodynamic cycles at the U.S. Naval
Academy,” First Annua USMA Conference on
Teaching and Learning, West Point, NY, 27-28
September 1996.

Technical Reports

MINER, S. M., Associate Professor, "Computational
Fluid Dynamics Anaysis of the Flow Distribution
Through a Dense-Pack Ceramic Ultréfiltration
Membrane in an Oily waste Polishing System,”
NSWCCD-TR-63-97/24, August, 1997.

Research and Development of ultrafiltration membrane
systemsfor oily waste treetment are being conducted to
polish the effluent from paralel plate oil/water
separators currently installed on Navy ships. These
ultrafiltration systems will give ships the ability to
reduce the quantity of ail in bilgewater discharges to
less than 5 mg/L. The best performance of these
systems is achieved when the flow distribution across
the membrane is uniform. Computational Fluid
Dynamics (CFD) is used to determine the flow
distribution across the membranes for the oily water
pollution control project.

MORAN, Angela, Associate Professor, EW-11-96,
"Corrosion Investigations into Spray Deposited,
Powder Processed and Conventionally Manufactured
304L Stainless Steels' with T. Barz, June 1996.

The effect of steel processing methods on corrosion
resistance was examined. Three samples of 304L
stainless stedl - spray deposited, powder processed and
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conventionally manufactured - were tested in order to
determine which had the highest resistance to pitting.
It appeared that the powder processed sample had an
0.09 to 0.1V higher pitting potential than the spray
deposited and conventional materials. The later two
behaved very similarly to one another in levels of
resstance by possessing average pitting potentials of -
0.135 and -0.130V vs. SCE.

MORAN, Angela, Associate Professor, and T. Hoyte,
EW-12-96, "Comparative Analysis of Conventional,
Powder Spray and Spray/HIPped Processed 304L
Stainless Steels’, June 1996.

A comparison of conventional, powder, spray and
spray/HIPped manufactured 304L stainless steel was
conducted. Density testing, tensile testing, optical
microscopy and eemental analysis were performed on
the samples as a basis for comparison. Results from
the testing indicated that the conventionally processed
steel and the powder processed steel showed very
similar characterigtics. Although similar to each other,
the mechanical properties of the spray and
spray/HIPped samples were condderably |ess than both
the conventional and the powder processed steels.
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RATCLIFFE, Colin P., Assistant Professor, “The
3:4:5 Coincidence of an Optimized Moment of Inertia
Classroom Demonstration.” U.S. Naval Academy of
Engineering and Weapons Technical Report EW-06-
96, April 1996.

A physical classroom demonstration of a basic
principle can be a powerful way of presenting
information. Although many commercial models are
available, this paper presents a simple model, one that
can be manufactured in almost any engineering
workshop. The demonstration shows that, for rolling
motion, both mass and mass moment of inertia have to
be considered. The model consists of two cylinders,
with the same geometry, size and mass. However, they
have different mass moments of inertia. When rolled

down a slope, one cylinder accelerates faster than the
other.

The demonstration ideais not new. However, this
paper presents an optimization of the design. This
ensures the model has greatest classroom impact.
When conventional materials (brass and aluminum)

52

are chosen, it is shown that the critical diameters for
the cylinders are coincidentally in theratio 3:4:5.

RATCLIFFE, Colin P., Assistant Professor, “Trial
Report: Modal Testing of Composite Deck Panels,
Ingalls Shipbuilding” Ingalls Shipbuilding Filed Tria
Report, 7/30-31/97, August 1996.

Thisreport covers the experimental modal analysis of
a hat stiffened panel and a sandwich panel. The aim
of the work was to provide experimental natural
frequency data that can be used by Casde Corporation
to verify their finite el ement models of the panels. The
work was undertaken at Ingalls Shipbuilding,
Pascagoula, Mississippi, on July 30 and 31, 1996.
Overall supervision and quality control was by Dr.
Coalin P. Ratcliffe, United States Naval Academy. The
local shop supervisor was Mr. Meloin J. Washington,
Jr, who provided some outstanding assistance. There
isno doubt that he personally ensured the experiment
was ahead of the timetable. The “hitter” for the hat
stiffened pane was Mr. F.P. “Kojak” Hilbrant, and for
the sandwich panel, Mr. T.L. Seales.
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DEPARTMENT OF NAVAL
ARCHITECTURE, OCEAN AND MARINE
ENGINEERING

Professor Roger Compton

Chair

The Naval Architecture, Ocean and Marine
Engineering Department conducted scholarly marine
research and professional development actively in all
three departmental disciplines during Academic Y ear
1996-1997. Faculty members and midshipmen
undertook both funded and unfunded research
activitieswhich utilized the outstanding experimental,
library, and computational facilities available to this
department. Two Trident Scholars and ten
independent research projects were supported by the
department during this academic year.

The department continued to participate actively
in professiona society meetings and conferences, both
nationally and internationally. Research results have
been published in journals and other technical
publications or presented at national or international
seminars. One outcome of the department’s deep
involvement in research by the civilian and military
faculty membersis an energized and current academic
environment in the classroom for professional and
Major COUrses.

A broad spectrum of research themes reflected the
varied specialties of the department’ s three technical
areas of concentration. Marine Engineering research
included studies in dosimetry, combustion, safe
refrigerants, thermophotovoltaic (TPV) energy
systems, radiation detection, emissions from power
systems and solid waste combustion, neural network
sensor systems, reliability-centered maintenance, soil
contamination,
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and radiation effects on RAM devices. Ocean
Engineering topics included wave groups, extreme
wave statistics, building loads due to winds and
flooding events, effectiveness of vertical wave barriers,
bonded composite joints, the thermal performance of
diving suits, the absorption of CO, in disabled
submarines, and the design and fabrication of a
remotely operated, underwater vehicle (and its control
system). Naval architecture topics included model
testing of a 25th scale model of the CONSTITUTION
in preparation for the 200th anniversary sail of the
ship, CAD software for gpace systems, composite panel
failures, welding of barge deck panels, seakeeping of
planing craft, and motions of fully submerged
hydrofoils.

Research funding was made available from many
sources including department operating funds, the
Nava Academy Research Council, the Trident Scholar
Program, as well as contracts and grants from the
Office of Naval Research; the Dahlgren, Carderock
and Annapolis offices of the Naval Surface Warfare
Center; the National Science Foundation; the
Department of Energy; the U.S. Coast Guard; the
Naval Sea Systems Command; the National Research
Council; the Applied Physics Laboratory; the Naval
Space Command Laboratory; the Alaska Science and
Technology Foundation; the Defense Special Weapons
Agency; the Naval Research Laboratory; the American
Society of Civil Engineers; and the Society of Naval
Architects and Marine Engineering.
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Sponsor ed Resear ch

I nvestigation of Copper-Doped Lithium Fluoride Thermoluminiscent Detector

Researcher: Lieutenant James R. Cassata, USN (former NAOME faculty member and doctoral
candidate in the Nuclear Engineering department at the University of Maryland)
Adviser: Professor Martin E. Nelson (primary advisor and on LT Cassata’' s doctoral committee)
Sponsor: NAV SEA/NSWC-White Oak

This research forms the basis of Lieutenant Cassata’' s
doctoral research. The copper-doped Lithium Fluoride
(LiF) detector has a significantly greater neutron and
photon response than the manganese-doped LiF
detector, which the United States Navy currently uses.
The researcher irradiated both the copper and
manganese-doped LiF with beta, x-ray, gamma and
neutron radiation to determine the response of each to
different fields. The test sequence reflected the recent
changes in ANSI standards for al dosimeters; it
included irradiations in mixed fields as well as angular
source energy variaions. Lieutenant Cassata devel oped
a decision tree algorithm to determine the dose
received by the dosimeter during an irradiation; he
based the decision tree on the measured response of
the four LiF chips that compose the dosimeter.

A second approach for measuring the exposed
dose uses aneural network methodology. This method

had in general similar accuracy as the decision tree
algorithm in measuring the correct dose; however,
when significant beta exposure was present, the neural
network gave afar superior estimate to the actual dose
received by the dosimeter than did the decision tree
algorithm.

The researcher also developed a technique that
allows other LiF users to update their dose algorithms
to comply with the recent ANSI changes without the
need to perform any experimentation.

Lieutenant Cassata has submitted and successfully
defended his dissertation; the research is complete.
Besides the results published in the dissertation,
further results appear in two other papers. Radiation
Protection Dosimetry has accepted a paper describing
the impact of the recent ANSI changes on LiF
algorithms; the second was part of a presentation to the
Health Physics Society in August 1996.

An Investigation into the Effect of Synthetic Atmospheres
on the Combustion Process of an |C Engine

Researcher: Associate Professor Martin R. Cerza
Sponsor: Naval Surface Warfare Center

The purpose of thisinvestigation is to look for waysto
reduce the nitrous oxide (NO,) and carbon monoxide
(CO) formation in internal engine exhaust gas
byproducts. Utilizing a synthetic atmosphere, a
mixture of carbon dioxide and other gases such as
argon, nitrogen, etc, at the engine intake should
accomplish our goal. The effort is to try and reduce
oxidation of the undesirable compounds by utilizing
less air. We have procured a state of the art exhaust

gas analyzation system to measure the concentrations
in the exhaust gas products for varying types of
synthetic atmospheres. Results obtained for a gasoline
CFR engine are very favorable. Anincreasein CO,in
the intake of the gasoline engine does reduce NO
formation. Investigation into the application of the
process to diesel engines is ongoing. This research is
a cooperative effort with the Department of
Mechanical Engineering.
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Boiling and Condensation Thermal Performance for Non-CFC Refrigerantswith
and without Enhanced Heat Transfer Surfaces

Researcher: Associate Professor Martin R. Cerza
Sponsor: Naval Surface Warfare Center

An international agreement in 1992 caled the
Montreal Protocol has set the stage for the phasing out
of Ozone-harmful refrigerants, CFC's
(Chlorofluorocarbons) and has established guidelines
for phasing in HFC's (HydroFl ouroCarbons) which are
Ozone safe. Inits efforts to comply with the Montreal
Protocol, the US Navy will be redesigning its
shipboard refrigeration facilities. The new HFC
refrigerants will require the examination of
phenomena associated with the thermal performance
of refrigeration facilities, namely, boiling and

condensation hest transfer. Development of enhanced
heat transfer surfaces will make the new equipment
lighter and more compact. These new surfaces show
great promise for enhancing heat transfer on boiling
and condensation surfaces. Thisinvestigation studies
the phenomena involved with new HFC refrigerants on
existing and enhanced boiling and condensation heat
transfer surfaces. The heat transfer loop is almost
operational and should be ready for preliminary
shakedown runs during the summer of 1997.

Thermodynamic Mixing of Real Gasses and Gag/Liquid Mixtures
and the Effect on Enthalpy and Entropy

Researcher: Associate Professor Martin R. Cerza
Sponsor: Office of Naval Research

The purpose of this ongoing theoretical investigation
is to evaluate the use of an ideal gas to modify the
compressibility and decrease the enthal py departure of
ared gas (working fluid) for the purpose of increasing
the power output and/or the thermal efficiency of
modern power cycles. This research should answer
several posed questions pertaining to the mixing of

real gases and gag/liquid systems and should determine
whether or not further experimental or theoretical
investigations are warranted.  The theoretical
investigation will entail classical and possibly
statistical thermodynamics. Plans call for the
presentation of the resultsthis year (FY 98) at the ONR
Propulsion Meeting.

USS CONSTITUTION Model Testing Program

Researcher: Professor Roger H. Compton
Sponsor: NAV SEA Hydrodynamics Division (NAVSEA-USNA MOU)

Plans to celebrate the 200th birthday of the USS
CONSTITUTION include a planned sailing of the
frigate in July 1997. There exists concern for the
safety of the ship during the actual sail and during the
tow to and from the sailing venue. The United States
Naval Academy (USNA) Technica Support
Department fabricated a 1:25 scale model of the USS
CONSTITUTION; the USNA  Hydromechanics
Laboratory tested this model to support the planned
limited sailing of the frigate. Regular, long-crested
beam seas testing characterized the resonant roll
behavior of the ship with and without the planned sail
plan. Experimental conditions limited testing of the
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ships response to wind and irregular long-crested
waves to zero forward speed; however, except for soft
tethers at bow and stern, the CONSTITUTION model
was free to respond in all six degrees of motion
freedom. These tests used three headings and three
"weather conditions’ with various sall plan
configurations. A non-intrusive 3D-video system
measured model motions for all wind/wave testing.
The tow test, to simulate the tow to the venue,
consisted of towing the model in calm water tests at
three slow speeds at each of three towing hawser
lengths.
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Wave Groupsin Random Seas

Researcher: Professor Thomas H. Dawson
Sponsor: Office of Naval Research

This experiment uses the Naval Academy's 380 foot effects on crest amplitudes. Most recent work deals
towing tank to study wave groups in random deep- with investigation of wave-group statistics derived
water waves. The investigator has compared results from Markov theory for wave runs. The work is
with theoretical work that accounts for nonlinear continuing under ONR sponsorship.

Development of L oad Factorsfor Combined Wind and Flood Events

Researcher:Associate Professor David L. Kriebel
Sponsor: American Society of Civil Engineers

The purpose of this project is to derive load factors for of all loads acting on the building. At present, the
coastal wind and flood loading on buildings for ASCE building standards do not account for flood
inclusion in the American Society of Civil Engineers loads, nor do they account for the simultaneous
(ASCE) Standard for design of buildings and other occurrence of extreme wind and flood loads. This
structures, a peer-reviewed set of building standards project involves three major phases. (1) the
that can be incorporated into local, state, and national development of a national database on simultaneous
building codes. The design of both residential and wind and flood events for hurricanes in coasta
commercial buildings is increasingly based on aload regions, (2) the development of a database on
and resistance factor design (LRFD) format in which simultaneous wind and flood loadings on buildingsin
each type of load on the building, e.g. dead load, live coastal regions, and (3) the development of load factors
load, wind load, etc., is multiplied by a unique factor to account for the statistical variability in extreme wind
to account for the statistical variability and uncertainty and flood loads. Thefirst phaseis complete; the second
intheload. Thisisin contrast to the more traditional and third phases are part of the ongoing investigation
working stress design approach in which a single and are now in progress.

factor, termed afactor of safety, is applied to the sum

Statistics of Extreme Wave Crests

Researcher: Associate Professor David L. Kriebel and Professor Thomas Dawson
Sponsor: National Science Foundation and Office of Naval Research

This project uses field data from instrumented ocean Gulf of Mexico to evaluate the probability model.
platformsto further evaluate a probabilistic model for Additional work isin progress to further evaluate the
the occurrence of high nonlinear wave crests in a probability model using data measured on two North
random sea; it also extends the model to derive Sea oil production platforms provided to us by Shell
extreme value statistics. The probabilistic model Offshore Research and by Amoco Production
accounts for the probability of exceedence for high Company. A second phase of this work is to extend
wave crests based on a combination of the Rayleigh the prabability model to theoretically derive extreme
probability law for wave heights and the Stokes value statistics. Of interest are higher-order statistical
second-order wave theory for nonlinear wave crests. As guantities such as the most probable maximum wave
aresult, it is possible to describe the probability that a crest that would be expected if some number, N, waves
wave crest will exceed some elevation above the still are observed. The offshore industry could use such
water surface for extreme sea states. The present work information to assess the probability of deck
uses field data obtained from the Shell Devel opment overtopping or to establish the design elevation of the
Company for hurricanes Camille and Andrew in the deck of afixed offshore platform.
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Wave Interaction with Vertical Wave Barriers

Researcher: Associate Professor David L. Kriebel
Sponsor: National Science Foundation and Alaska Science and Technology Foundation

The researcher performed laboratory testsin the Naval
Academy Hydromechanics Laboratory to investigate
wave interaction with vertical wave barriers. A wave
barrier isatype of breskwater which consists of a solid
impermeable vertical wall extending from above the
water surface down to about mid-depth. A gap between
the bottom of the barrier and the seafloor allows some
transmission of wave energy into the harbor or marina
behind the wall. This work is part of a three phase
research program which includes: (1) small-scale
laboratory tests conducted at the United States Naval
Academy (USNA), (2) large scae laboratory tests
conducted at Oregon State University, and (3) field
measurements of a full-scale wave barrier located in
Seattle, Washington. The overall project goals are to
improve the design of vertical wave barriers by better
understanding the wave transmission past the barrier
and wave forces on the barrier.

In the USNA tests, the investigator installed a
model wave barrier in the small wave/towing tank of
the Hydromechanics Laboratory at four different

barrier depths (drafts): 2, 2.5, 3, and 3.5 feet. Thistank
is120 feet long, 8 feet wide, and 5 feet deep. For each
of the barrier depths, the tests subjected the barrier to
regular waves using 21 combinations of wave height
and period. Test instrumentation provided
measurements of the incident, transmitted, and
reflected wave heights; the water surface elevation on
either sde of the barrier; and wave forces near the top
and bottom of the wall. The force measurements
provided the data needed to compute the total wave
force and the wave-induced overturning moments.

Preliminary results of these tests were published at
the 25" International Conference on Coasta
Engineering. That paper compares measured values of
regular wave transmission to three analytic theories,
two based on wave power transmission and one based
on an eigenfunction expansion. Work is in progress to
analyze wave force measurements. In addition, larger
scaetests a Oregon State University repeat the USNA
tests to investigate model scale effects since viscous
losses are important.

The Space Mission Computer Aided Design Program

Researcher: Associate Professor Thomas J. Langan
Sponsor: Nava Space Command L aboratory

Over the years, Associate Professor Thomas J. Langan
has formulated a philosophy on the design of computer
aided engineering design systems. The purpose of the
present ongoing research is to test this philosophy by
applying it to a windows based software system that
will aid designers of space missions. This philosophy
views each synthesis step in the design process as an
operation applied to the design and the analysis of the
design at the output of each of these steps as a
feedback. A properly designed system will have
feedback and feedforward; the designer can use the
provided analysisto evaluate the analysis at each point
in the synthesis. Secondly, it should be possible to
develop software tools that allow the designer to build
his design system similar to the way one builds a
computational scheme into a spreadsheet. In the
former case the cell might be a window running an
interactive program or displaying graphics, parts
drawings, schematics, or computational results. In any
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case the windows display information that the designer
desires at each point in the design process. Finally, the
X Window System with the Motif toolkit or an
equivaent one can be used to develop the software for
the design system.

During the past year, progress was anticipated in
the development of working data bases and completion
of some maor segments of the design program
including al second level programs. Data was
downloaded from the European Space Agency, Jet
Propulsion Laboratory, and National Aeronautics and
Space Administration and archived this material for
futurereference. The use of an intranet as an interface
between the design program and the reference files
downloaded from the World Wide Web (WWW), was
explored, but this approach was abandoned, since it
was not applicable to the situation. Instead, the
approach isto condense each of the reference filesinto
a standardized HTML-file. An HTML-file is one
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written in the language of aweb page. UNIX will be caused more problems than it was worth and slowed
used to search these files for data desired by the progress in the development of the program. This
designer and then presented for him in atabular online approach was abandoned and resources were simply
format or printout. The chosen format for the data programmed into the individual programs. Once this
files reduces the storage space and provides decison was made, progress was made on the design
access bility from the WWW, when desired. Reference program. The goal for this year is to complete a
books on the various levels of X recommend that working design program, which the midshipmen can
resource files be used to assign resources. This advice use in their design projects come Fall.

The Design and Construction of a High Temperature Photon Emitter for a
Thermophotovoltaic Generator

Researchers. Professor Keith W. Lindler and Associate Professor Mark J. Harper
Sponsor: Department of Energy

The United States Naval Academy (USNA) design installation of the gas turbine for indoor use in
team is in the process of designing and fabricating a Rickover Hall. Tests, conducted with the T-58 gas
combustor/emitter which is compatible with a turbine, determined the best location to remove
Department of Energy furnished thermophotovoltaic combustion gases to power the TPV module. The
(TPV) power module. The unit is to be totally self USNA team is responsible for material selection,
sufficient, and the TPV cells must power any required emitter design, determining temperature effects on
ancillary equipment. combustor/emitter materials, system optimization, and
The current effort is to use the combustion gases safety controls to shut down the gas turbine in the
from a T-58 gas turbine as the energy source for the event of loss of coolant to the TPV cells. Thisisan
TPV emitter. Recent effort has been in the area of ongoing project with an expected completion date of
overcoming the numerous problems associated with August 1998.
the

Development of a Lightweight Portable Neutron Detector for Arms Control and Non-
Proliferation Applications

Researchers: Lieutenant Marshall G. Millett Doctoral candidate in Nuclear Engineering at
University of Maryland and Ensign James Adams, USN
Adviser: Professor Martin E. Nelson (primary advisor and member of the doctoral committee)
Sponsor: Defense Specia Weapons Agency

This project involves designing an improved neutron with it to establish its operating characteristics. Naval
detector with a higher efficiency and lower weight than Surface Warfare Center, Carderock Division-
the detector(s) currently used for arms control Annapolis helped in the materia selection and
purposes. Part of this project formed the basis of construction of the composite box used to transport the
Lieutenant Millet’s doctoral research at the University detector. The composite materials substantially
of Maryland. He used a Monte Carlo computer code, decreased the system weight. Lieutenant Millett’s
MCNP, to develop acomputer model of the physics of Ph.D. dissertation describes all experimental and
a gas filled proportional counter exposed to a fast analytical results and presents the fina design
neutron source. Experiments performed with a specifications of the prototype detector. Professor
suitable gas filled detector validated the mathematical Nelson gave briefings of the project status to the
model. Lieutenant Millett applied his mathematical Defense Specia Weapons Agency in September, 1996
model to the design of a prototype detector; he then and April, 1997.

constructed the prototype and performed experiments
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Feasibility Study on the Development of Advanced Composite Hull Panels
for Large Surface Ships

Researcher: Assistant Professor Sarah E. Mouring
Sponsor: National Science Foundation

For over thirty years, conventional glass fiber-
reinforced polyester resin composites (fiberglass) have
dominated the recreational boating industry. However,
such conventional composites cannot meet the
demands of marine systems in the defense, oil, and
shipping industries. The recent introduction of
advanced composites, meets many of these demands
for large marine structures. Advanced composites
have high strength-to-weight ratios, high stiffness-to-
weight ratios, and are resistant to corrosion.
Technology exists to fabricate advanced composites
into unusual shapes which reduces the number of
fasteners and results in fewer parts and which at the
sametime can satisfy operational requirements. Such
advantages demonstrate that it is possible to use
advanced composites in large marine structures,
including surface ships, offshore platforms, and
submarines. In 1993, the Committee of Marine
Structures concluded that research in advanced
composites was strongly recommended and crucial to

the future competitiveness of the United States ship-
building industry. This study investigates the
feasibility of using advanced composites in one such
area, large surface ship hulls for both military and
commercial use.

In the preliminary research the investigator
completed an extensive literature search into
aerospace, aeronautics, automotive, and naval uses of
advanced composites. Currently, she continues to use
Finite Element Analysis (FEA) to analyze severa
composite hull panels and to verify FEA predictions
with results from several experimental tests of
composite hull panels performed at the Naval
Academy. Other activities include attendance at
conferences on advanced composites, naval
architecture, and ocean engineering, investigations
into severa pertinent topics, and development of a
proposal submitted to NSF for consideration. NSF
funded the proposal; it will provide funding for the
period from June 1997 to June 1999.

Flaw Criticality in Glass Reinfor ced Plastic (GRP) Sandwich Panels

Researcher: Assistant Professor Sarah E. Mouring
Sponsor: Naval Surface Warfare Center, Carderock Division

The purpose of this research is to quantify the defects
of glass reinforced plastic (GRP) panels in
relationship to their use in the construction of Navy
ships. The Navy expects the use of composites in Navy
ship construction to expand in the future. For this
study the investigator will utilize the Grillage Test
Fixture in the Ship Structural Laboratory at the United
States Naval Academy to apply in-plane compressive
forcesto atota of 21 panels. Five of the 21 composite
panelswill be basdline panels; the other ones will have
structural defects such as disbonding of core and skin
or impact damage. The panels are 3 feet by 4 feet
sandwich construction panelswith balsa or foam cores.
Testing of several baseline panels is complete; this
testing took place under an independent research
project. Under the same independent research project,
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Midshipman Joseph Ertel programmed a spreadsheet
to process the data from the experiments. The schedule calls
for completing thetests of the remaining composite panels
this Summer. The strength and stiffness data will be
compared for  the baseline panels with the
corresponding results for the defected panels. The goal
is to evaluate the strength/stiffness retention after the
defects have occurred. The investigator will use a
Finite Element Analysis (FEA) to model the baseline
and defected panelsin order to predict their structural
behavior. Hopefully, a comparison between the
experimental data and the FEA data will be used to
validate the FEA model. A final report will
summarize the correlation of flaw type and severity
with the strength/stiffness retention.
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Improved Navy Marine Bonded Composite Joint Concepts

Researcher: Assistant Professor Sarah Mouring
Sponsor: Naval Surface Warfare Center, Carderock Division

Results from recent programs indicate the following
for typical Navy laminate materials: they have low
interlaminar strengths relative to their aerospace
counterparts; interlaminar failures are predominately
interfacial bond failures; improved material toughness
does not necessarily correspond to improved
interlaminar tensile strength; and static joint
performance does not always correlate with dynamic
peformance. These observations, coupled with Navy
constraints that limit the ability to “design away” out-
of-plane joints and out-of-plane loadings, demonstrate
the need for improved composite bonded joint concepts
for the Navy. The studies completed to date also
provide guidance as to how to improve both material
and structural performance such as enhancing
interfacial bond strength in an effort to improve
interlaminar tensile strength.

The present work uses a subcomponent test to
evaluate a number of concepts designed to improve
both Mode | and interlaminar tensile strength
performance. This test is unique in that it captures
elements of Mode | and interlaminar tension

simultaneously and is suitable for both high and low
strain rate testing. It also provides insight regarding
fillet material performance and fillet-laminate
interactions which are not provided in component
tests and are too costly to evaluate in full-scale
component tests.

Structural component validations tests will use the
most promising concepts. Preliminary component
candidates include hat-stiffened panels, T-joints, or
platform joints. Mode I, interlaminar tension, and
fillet material behavior control the failure of all
components to varying degrees. Previous anaysis
indicates that finite element analysis can reasonably
predict failure modes and locations for static loading.
High strain rate testing of full-scale components is
beyond the scope of this program, but every effort will
be made to make use of existing data from previous
programs or to incorporate the results into high strain
rate testing of large scale pieces.

Currently, analytical and experimental work is
progressing on the subcomponent test. After this work
is completed, component testing will begin.

Structural Behavior of Composite Panels Stiffened With Preform Frames

Researcher: Assistant Professor Sarah E. Mouring
Sponsor: Nava Academy Research Council

Composite materias, particularly glass fiber reinforced
plastic (GRP), dominate the small boat industry and
offer many advantages over traditional materials for
ship building. Navy ship construction traditionally
uses steel and other conventional materials; however,
the Navy is using more composites on new vessels and
replacing components constructed of other materials
with composites on older vessels. The main reasons
for these changes are weight savings, stealth, and low
maintenance. Presently, the disadvantage associated
with composite material construction is cost. While
open mold hand lay-up fabrication with GRP
composite materials is cost effective for small boats, it
is not for larger vessels. The cost of material, molds
and labor have prevented the use of GRP for producing
larger vessals, except for specialty vessels such asthe
Coastal Mine Hunter (MHC). Much of the labor cost
isincurred during the framing of the GRP structures.
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The framing of GRP small craft typically takes more
man-hours than the process of fabricating (“laying
up”) the hull laminate. Traditional framing methods
involve trapezoida foam blocks which must be formed
and bonded into place on the laminate, and then the
frame laminate must be fabricated or attached to the
foam.

A newly developed preform frame technology,
PRISMA Preform Frames, significantly reduces the
labor required to frame a laminate. The preforms
feature a dry fiber reinforced outer surface that is cast
to shape in a closed mold with an urethane foam core.
Typicdly, theingtallation of the cast preforms requires
installing them in an open mold laminate by wetting
the bottom of the frame tabs with resin, placing the
frame on the wet laminate surface, applying resin to
the remainder of the preform laminate and rolling the
tab section. The preforms also can be used in resin
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infusion processes such as Seeman composite resin
infusion molding process (SCRIMP),vacuum assisted
resin transfer molding (VARTM), or standard resin
transfer molding (RTM). Before the Navy can use
these preformsin the production of composite ships, it
needs more information on the structural behavior of
the preform frames as a function of their different
geometries, materials, and fiber orientation. This
research will consider the question of proper fiber
orientation of the GRP laminates.

The objective of this project is to develop a
numerical modeling technique which can be used to
investigate frames of different fiber orientations.
There is considerable debate over the optimum fiber
orientations for GRP frames. Commonly used
laminates for frames are biaxial (0,90), double bias
(+45,-45), triaxial (+45,-45,0) and quadaxia

(0,90,+45,-45) . The present research analyzes these
laminates for stiffness and strength, with particular
attention to failure modes in order to determine
optimum laminates for in-plane loading conditions.
Comparison of results from this numerical model with
results from structural testing of a series of composite
panel in the United States Naval Academy Ship
Structures Laboratory will help quantify any modeling
errors. The information gained should be helpful in
developing an optimal framing system for a naval
vessals.

So far this research has completed the
development of analytical models of the hat-stiffened
panels; however, the models «ill need to be
experimentally verified. The six composite panelsto be
used in the experiments arrived at the Naval Academy
in March 1997. Testing will begin this summer.

Characterization and Remediation of Thorium Contaminated Soils
at SitesWithin Kirtland Air Force Base.

Researchers. Professor Martin E. Nelson and Associate Professor Mark J. Harper
Sponsor: Naval Research Lab

The Interservice Nuclear Weapons School deliberately
contaminated eight sites at Kirtland Air Force Base
(KAFB) with thorium Th-232 compounds to provide
redlistic training scenarios for Department of Defense
personnel. These trained persons would then be
availableto respond to a potential nuclear emergency.
In response to the Comprehensive Environmental
Response, Compensation, and Liahility Act, KAFB has
initiated an Installation Remediation Program for
complete environmental  restoration. Before
remediation can commence, it is necessary to fully
characterize the contaminated soil. This project
involved performing geophysical, chemical, as well as

soil sample collection and analysis at the four sites.
Gamma spectroscopy provided the radionuclide
analysis of the soil samples ; repeating the gamma
spectroscopy on seved samples of the original samples
provided a distribution of concentration according to
soil particlesize. A chemical analysis of the soil will
determineif non-radioactive contaminants are present
and if a mixed waste problem exists at the sites. A
final report will be issued in the July-August, 1997
time period together with recommendations to
Kirkland AFB personnel concerning potential future
remedial actions.

Analytical M odeling of the Thermal Performance of the MicroPCM-Enhanced Dry Suit

Researcher: Professor Marshall L. Nuckols
Sponsor: Naval Surface Warfare Center, Dahlgren Division

This investigation uses analytical models of the
thermal performance of optional types of insulative
MicroPCM (phase change materials) to evaluate the
effects of MicroPCM mediums, medium thicknesses,
and foam-to-MicroPCM ratios on diver thermal
protection. Additionally, the researcher analytically
compared the relative thermal performances of
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MicroPCM-enhanced dry suits with commercial dry
suits. The ongoing research is using analytical
models to compare the relative thermal potentials of
foams interspersed with MicroPCM’s with those of
liquid durries containing various combinations of
MicroPCM’s and those of liquid carriers.
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Reliability Centered Maintenance

Researcher: Associate Professor Kenneth L. Tuttle
Sponsor: Naval Sea Systems Command, Surface Ship Maintenance Office (NAV SEA 915)

The purpose of this project isto provide a Maintenance
Engineering Laboratory at the U.S. Naval Academy for
instruction of the Midshipmen in modern maintenance
engineering concepts. The present objectives are: to
develop instructional capabilities in maintenance
engineering, to introduce Reliability Centered
Maintenance (RCM), to Nava Officers, and to conduct
long range planning for introducing maintenance
engineering into the curriculum.

Completed an upgrade of the Maintenance
Engineering Laboratory portion of the Diesel Engine-
Room Laboratory to Machinery Condition Assessment
System (MCAS) from the Diesel Engine Monitoring
and Analysis System (DEMA). The next phaseis to
upgrade the Integrated Condition Assessment System
(ICAS). Upgrading to ICAS would bring the Naval
Academy Maintenance Engineering Laboratory up to
the level of Diesel Engine Monitoring and Analysis
found in the fleet. The ICAS components and
hardware include a computer workstation, 1CAS
software, OPTO22 electronic data acquisition devices
for slow speed A/D conversion at 1 Hz and an
IDAX100 high speed data logger and an A/D
converter operating at 50kHz for vibrations and
cylinder firing pressures analyses. Recent upgrades

allow operdtion of the MCAS System on the GM 3-71
Diesel Engine/Generator Set using a Persona
Computer. The IDAX 100 computer which controls
data acquisition, monitors alarm conditions, makes log
sheets, maintains trend analyses, and offers some
expert system capability has a unique operating system
and communication isdifficult. The new PC Interface
has made a dramatic improvement in the quality of the
instruction being given the midshipmen in modern
maintenance concepts. The engine head has been
modified to alow measurement of cylinder firing
pressures. A probe to allow vibrations analysis or the
engine and nearby equipment has been added to the
basic DEMA System. Planning for Trident Scholar
research support has produced potential research areas
for future Trident Scholars interested in artificia
intelligence or in maintenance engineering. In
addition, adide show presentation has been devel oped
to instruct the midshipmen in modern maintenance
concepts such as Reliability Centered Maintenance.

During the past eight years, more than seven thousand
new naval officers or future naval officers have been
introduced to the concepts of modern maintenance
practices in the U.S. Naval Academy, Maintenance
Engineering Laboratory.

Environmental Text

Researcher: Associate Professor Kenneth L. Tuttle
Sponsor: Society of Naval Architects and Marine Engineers

The researcher is Chairman of the Environmental
Pand for the Society of Naval Architects and Marine
Engineers (SNAME), and editor of the reference text,
The Principles of Environmental Design and
Operation of Ships, for SNAME and have the
respongbility for its production. Planning for the text
has progressed, and the researcher has appointed two
membersto the Environmental Panel from the United

States Naval Academy, Associate Professor Robert
Mayer and Assistant Professor Jennifer Waters. The
text will be a comprehensive review of the
environmental problems recognized to exist aboard
ships, the technology available to treat these
environmental problems, and the regulations
pertaining to marine pollution.

Bending and Compression Failure of Marine FRP Panels

Researcher: Professor Gregory J. White
Sponsor: Johns Hopkins Applied Physics Laboratory (APL)

The United States Naval Academy (USNA) Ship
Structures Laboratory conducted a series of structural
test on FRP panels provided by Johns Hopkins Applied

Physics Laboratory (APL). Each series consisted of
nine panels: three solid laminate panels, three
sandwich panels, and three hat-stiffened panels. APL
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specified for each series the boundary conditions for
the loaded edges prior to the test. The Grillage Test
Fixture at the USNA Ship Structures Laboratory
exerted the loading on the panels according to the
following schedule: Test Series 1 tested nine FRP
panels to destruction under in-plane compression only;
Test Series 2 tested nine FRP panels under uniform
lateral pressure to measure the load at which
deflections exceed a distance two-hundredth the width

of the panel; Test Series 3 tested the same nine panels
used in Test Series 2 to destruction under a
combination of inplane compression and uniform
lateral pressure. APL in consultation with Professor
White decided the magnitude of the lateral pressure
for each test. The Ship Structural Lab completed the
test series during the Fall of 1996, and APL has the
data and results.

Effects of Intermittent Stiffener Welding on the Ultimate Strength of Barge Deck Panels

Researcher: Professor Gregory J. White
Sponsor: U.S. Coast Guard Office of Merchant Marine Safety (HSC A-3)

This is an ongoing investigation to determine the
failure mode and load at failure of six pre-fabricated
stedl gtiffened panels provided by the USCG. The test
series congsts of two panels with continuously welded
longitudinal stiffeners, two panels with intermittent
welds on the longitudinal stiffeners; and two panels
with scalloped stiffeners with intermittent welds.
Under the direction of Dr. White, the United States

Naval Academy Ship Structures Laboratory will use
their Grillage Test Fixture to apply inplane loads to the
Six panels. Sufficient strain and deflection
measurements will provide data with which Professor
White can identify the mode of failure and load at
failure for each of the panels. This investigation is
ongoing.

| ndependent Resear ch

Radiation Induced Single Upset Events of Dynamic and Static RAM Memory Devices

Researcher: Ensign James Adams, USN
Adviser: Professor Martin E. Nelson

The purpose of this experiment was to determine the
SER cross sections of dRAM memory chips with
respect to different types of radiation found in cosmic
rays. Ensign Adams used the United States Naval
Academy (USNA) nuclear facilities to create neutrons
with adiscrete energy of 143 MeV to irradiate dRAM
memory chips. The neutrons induce soft failures in
chips from six different vendors. Additionally,
experiments at the Los Alamos Meson Physics Facility
in Los Alamos, New Mexico used 400 MeV pions to
produce soft failure in chips similar to those used in
the USNA experiments. Cross sections were obtained
from these experiments, as well as graphs of soft fails
versus chip design.

Our research found awide variation in chip cross
sections between the chips from the various vendors.
Memory chips on the average are ten times more
sensitive to 100-250 MeV pions than similar energy
protons. Both positively and negatively charged pions
react on the same order of magnitude with the memory
chips. Finaly, chips that are sensitive to pions in
other energy ranges are also sensitive to neutrons on
the same relative scale.

Professor Nelson has presented results of this
study at the HEART Conference in March, 1997,
which is a radiation effects Conference, and at the
Joint APS/AAPT, Annual Conference, April, 1997.
He has also submitted a paper to arefereed journal.

A Methodology of Neural Network Based Sensor Validation in Nuclear Power Systems

Researcher: Ensign Dale D. Klein, USN (VGEP Student - University of MD)
Adviser: Professor Martin E. Nelson
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The use of neural networks (NN) to model a complex,
non-linear system is not a new science, but has been
very complicated inthe past. Recent developmentsin
user friendly software allows quick application of the
powerful tool of neural networks to many areas. This
project demonstrated and validated a method using
commercialy available software to model responses of
instrumentation within a nuclear power system.
Ensign Klein used a commercially available nuclear
power plant simulation package to generate the data
for the NN. The neural network predicted expected
output

readings of various sensors based on other plant
parameters. This methodology would allow the plant
operator to validate a given instrument or sensor
reading by comparing a predicted instrument response
to an observed instrument reading. The project also
develops a statistical analysis of the predicted and
observed instrument readings.

Ensign Kline presented the results of this research
to the University of Maryland Nuclear Engineering
Department Seminar in December, 1996; he submitted
the detailsin his master’ s dissertation to the University
of Maryland.

Combustion Gener ated Particulate Emissions from Solid Waste Fuedls

Resecarcher: Associate Professor Kenneth L. Tuttle

This area of research is the one in which the author
has the most unique expertise and experience. He was
appointed to the Naval Studies Board of the National
Research Council to study the disposal of solid wastes
from ships because of his expertise in combustion of
solid waste fuels. The National Research Council is
the principal operating agency of the National
Academy of Sciences and the National Academy of
Engineering. The researcher has been investigating the
possihility of incineration to destroy shipboard trash
rather than dumping it at sea. There is world-wide
support for burning shipboard combustible wastes.
Most of the combustible solid wastes generated on
navy shipsison shipswhich have incinerators that are
being used. The questions are how to use the

incinerators effectively and how to improve incinerator
design to make it compatible with shipboard use as
well asemissions regulations. The author is prepared
to publish substantial research data on the emissions
from the combustion of solid waste fuels. The author
conducted a statistically designed, fractional factorial
experiment that included the seven known independent
variables suspected of affecting air pollution and
measured the seven dependent variables that are
considered to be potential pollutants. The experiment
includes both unsteady as well as steady state
experiments. Professor Tuttle has submitted a paper to
the American Society of Mechanical Engineers
Journal of Energy Resources Technology.

Pollution from Ship Stack Emissions

Rescarcher: Associate Professor Kenneth L. Tuttle

The purpose of this research is to determine whether
stack emissions from ships can be effectively reduced
by modifications to the combustion process or by add-
on end of pipe devices and whether the exhaust
emissions should be regulated either nationally or
internationally. Professor Tuttle has submitted written
input to the EPA in attempt to convince the United
States not to regulate ship exhaust emissions and
especially not Navy ships, as they already burn low
sulfur fuel and most have engines that produce low
oxides of nitrogen. The investigator presented results
of thisresearch to the Society of Naval Architects and

Marine Engineers (SNAME) and has submitted them
for publication in Marine Technology; he has also
published them in a book titled, “Ship Design and
Operation in Harmony with the Environment,” a
SNAME Publication and the Proceedings of the
Maritime Environmental Symposium ‘95 by the
American Society of Naval Engineers. Efforts are
underway with ONR to fund the Naval Academy asthe
Environmental Research Center for the US Navy; this
plan includes funding for al faculty interested in
environmental research and an Environmental Chair
to coordinate and administer the program.
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Resear ch Course Projects

Seakeeping Char acteristics of Planing Cr aft

Researcher: Midshipman /C Mark A. Laubach, USN
Adviser: Professor Rameswar Bhattacharyya

This research investigates the following various sea
keeping characteristics of a planing craft: hull form
characteristics and their influence on heaving and
pitching motions, dynamic effects of added resistance
and speed loss in a seaway, and static and dynamic
instabilities. These instabilities include purposing and

impact accelerations in a particular sea state.

A study of tests performed on planing hull models
shows the effects of deadrise and running trim on the
performance of planing hulls. The project includes
developing the equations of motion along with an
appropriate set of coefficients to describe the motion.

Motions of Hydrofoil Craft with Fully-Submerged Hydr ofoils

Midshipman 1/C J. Patrick Thompson I11, USN
Adviser: Professor Rameswar Bhattacharyya

The violent motions, that occur in surface-piercing
hydrofoil configurations in heavy seas, has caused a
considerable effort to develop theoretical predictions of
the forces on these hydrofoils in order to determine the
optimum foil shape. However, less attention has been
paid to theoretical prediction of the pitching and
heaving motions of a fully-submerged hydrofail
configuration. Designers of hydrofoil craft presume
that an elaborate automatic control system (ACS) has
the capability to smooth out the motions of a hydrofoil
in heavy seas. An automatic control system may
“smooth” the motions of the hydrofoil; regardless, the

foil control systems (typically atrailing edge flap or
variable incident system) requires a large amount of
power. Any effort to improve the efficiency of the fail
control systems aso boogts the overall efficiency of the
craft. Conseguently, we should develop a method to
predict the motions of a fully-submerged hydrofail
configuration in order to improve the operating
efficiency of the craft.

This project includes the study of various
coefficients used in the coupled equations of motions
for a hydrofail craft.

Evaluation and Design of Heat Pipesfor Very High Temperature Applications

Researcher: Midshipman 2/C Scot G. Hughes, USN
Advisers: Associate Professor Mark J. Harper and Associate Professor Keith W. Lindler

Scientists at the Los Alamos Scientific Laboratory
discovered heat pipes in 1964. The “heat pipe”
developed as a high-performance heat transmission
device. They can transfer heat over long distances
with very small temperature differences, they are
simple, require no external pumping power, and have
no moving mechanical parts. Recovery of thermal
energy isone of the primary functions of the heat pipe.
They are also used to augment the performance of
existing heating, ventilation, and air conditioning
systems by transferring the exhaust gas heat back to
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the system’s evaporator. National Aeronautics and
Space Administration has used heat pipes in their
shuttle program to cool sensitive electronic equipment
and to control temperature inside the spacecraft.

This project will study the theory and design of
heat pipes for very high temperature applications. If
heat pipe technology can be extended to high
temperatures, it will open the door to numerous energy
conversion devices such as a combustion-powered
thermophotovoltaic generator.
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Gamma Spectroscopy in a Germanium Detector Using Canberra Software

Researcher: Midshipman 1/C Joseph R. Salus, USA
Adviser: Associate Professor Mark J. Harper

One mgjor problem of nuclear power is environmental
radioactive contamination. Since most nuclear power
plants use a nearby body of water for cooling, the best
way to measure the amount of radioactive particles
released to the environment is through sediment
sampling. One measures the presence of aradioactive
nuclide in any sample by detecting and recording the
energy of the photon released as the radioactive
nuclide in the sample decays. The Department of
Naval Architecture, Ocean, and Marine Engineering
installed a new software package by Canberra to be
used with the Nal and Germanium detectors in the
United States Naval Academy’s nuclear laboratory.
These new programs should make reading the energy
levels easier for Reactor Physics students during labs
and for faculty members working on research. The
purpose of this research project is to assist the faculty
and staff of the

laboratory in learning the new software and to prove
its effectiveness.

The first stage of the project was to learn the
software by completing the tutorials and to analyze
simple radioactive sources. The next phase was to
decide which detector and geometry would yield the
best results. The investigators used the various
combinations of detectors and geometries to count a
standard sample of Irish Sea sediment approved by
Nationa Ingtitute of Science and Technology and used
the results to determine the best detector efficiency for
the various combinations. The third stage tested the
ability to count accurately by comparing the lab results
of two Yenisey River samples to the Naval Research
Laboratory results for the same samples. The fina
stage was to count an unknown sampl e taken from the
Severn River and determine the presence of any
radionuclides.

Design and Construction of a Thermophotovoltaic Energy Conversion System using
Combustion Gasesfrom a T-58 Gas Turbine

Researcher: Midshipman 1/C Timothy A. Erickson, USN
Advisers: Associate Professor Keith W. Lindler and Associate Professor Mark J. Harper
Sponsor: Department of Energy and Trident Scholar

Thermophotovoltaics (TPV) is a relatively new
science, which utilizes previous experience and
technology from solar photovoltaics, to convert heat
energy directly into electricity. Thistechnology offers
the advantage of having a higher power density than
other types of power generation systems currently in
use. It also offers a distinct advantage of generating
electricity without using moving parts, which are
subjected to wear, cause vibration and noise, and are
prone to breakdown. Unlike solar photovoltaics, any
high temperature heat source can provide energy for
thermophotovoltaic cells.

The current project at the U.S. Naval Academy
involves the development of a prototype TPV
generator, which uses a General Electric T-58 gas
turbine as the heat source. This design provides for
tapping the combustion gas from the T-58's combustor
through one of the two ignitor ports and extracting it
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through a silicon carbide tube into the ceramic emitter.
The chosen material for the emitter is silicon carbide.
The design for the generator is modular and provides
for theremoval of the emitter; this scheme provides for
the use of different materials at a later date. The
combustion gas heats the ceramic emitter via
convection, and the heated emitter radiates the heat
outwards.  Thermophotovoltaic cells absorb the
radiation and convert it directly into electricity. A
sdective coating applied directly to the cells and gold
foil located in the spaces between the cells reflects the
radiant energy not absorbed by the cells back to the
emitter. National Instrument’s Labview computer
program monitors the gas turbine and generator
module and performs both data collection and control
functions. This project details the design of the TPV
generator and gives results of initial tests with the gas
turbine driven TPV energy conversion system.
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Thermophotovoltaic Emitter Material Selection and Design

Researcher: Midshipman 1/C Patrick C. Saxton, USN
Advisers. Assistant Professor Angela Moran, Associate Professor Mark J. Harper
and Associate Professor Keith W. Lindler
Sponsor: Department of Energy and Trident Scholar Project

Direct energy conversion is an attractive option for the
Navy, because it eliminates the need for complex
machinery and reduces maintenance concerns by
eliminating moving parts. Thermophotovoltaic (TPV)
generators offer all of the advantages of direct energy
conversion and can function off waste heat. Current
TPV generators are either inefficient or impractical.

Thefocus of the present research is to further technical
understanding of the material issues involved in
designing a TPV generator. Much like a solar power
system, TPV generators use photocells to collect
radiant energy and produce electric power. In this
system, a high temperature emitter material emits
photons with a wide spectrum of energies; the
photocells collect this radiation and convert it to
electric power. The peak in the radiation spectrum is

directly related to the material temperature. Current
TPV cdl technology dictates that the emitter material
needs to withstand 1300° C in a combustion gas
atmosphere and achieve an emissivity of at least 0.90.
The initial materials considered for emitters included
ceramics, refractories, metallics, and ceramic matrix
composites. The materials evaluation process used
available published data, thermal shock and oxidation
experiments, material  machinability, thermal
conductivity, and thermal expansion in choosing the
material for the emmiter. In addition, we evaluated
the emissivity properties of the materiads in
conjunction with NASA Lewis Research Center.
C/SiC with a SiC overcoat and SIC/Si were the most
viable emitter candidates.

A Study of Glass Reinfor ced Plastic Composite Sandwich Panels

Researcher: Midshipman Joseph Ertel, USN
Adviser: Assistant Professor Sarah Mouring
Sponsor: Naval Surface Warfare Center, Carderock Division

This study tested and analyzed the in-plane
compressive load capacity of glass reinforced plastic
(GRP) sandwich panels. For the experiments the
Grillage Test Fixture in the Ship Structural Laboratory
at the United States Naval Academy loaded each of
three panels compressively in-plane to failure. The
composite panels were of woven roving construction,
consisting of E-glass fibers and dexatrene, avinyl ester
resin. Each panel had a core of H80 PVC foam. The
composite facesheets for each test varied from 0.115
inches to 0.136 inches while the core was one inch
thick, and each panel tested was nominally three feet
by four feet in size. The first two panels tested were
simply supported on the sides with fixed end supports;
the last panel had free conditions on the sides with
fixed end supports. The failure mode for the first two
panelswasloca buckling (wrinkling); wheress, it was
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global buckling for the last panel.

Instrumentation for each experiment recorded
strain, end shortening, out-of-plane deflection, and
load data. Theoretical predictions for failure mode for
the given boundary conditions compared with the
experimenta results; however, the failure loading was
significantly less than the theoretically predicted
forces. The load predictions, being higher than the
experimental loads, were definitely not conservative.
Theseresultsindicate a need for further study into the
mathematical theory for the failure prediction of
composite panels with specific attention to sandwich
panels.

A final report has been completed. Future work is
planned in this area of research in the summer of
1997.
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Investigation of ONDAC Detector for Arms Control Applications

Researcher: Midshipman 2/C Andrew J. Roxo, USN
Adviser: Professor Martin E. Nelson
Sponsor: Defense Specia Weapons Agency, Los Alamos SARA Program

This research project involves investigating the field
response of the International Nuclear Federation (INF)
detector and the ONDAC detector to special radiation
sources as well as conventional neutron sources at Los
Alamos National Laboratory (LANL). The ONDAC
detector, developed by the United States Naval
Academy (USNA), has the potential to provide high
sengtivity neutron measurements required for nuclear
treaty verification purposes. The purpose of this
project isto compare the experimental response of the
detector currently in use (i.e., the INF detector) with
the ONDAC detector. The researcher developed atest

plan, collected experimental data, performed the
necessary statistical analysis and data reduction, and
summarized thefindingsin afina report. The project
is a part of the LANL intership program with the
USNA. It ishoped that these tests will demonstrate
that the ONDAC detector has an efficiency equal to or
greater than the INF detector and that the ONDAC
instrument has significant field portability advantages
over the INF detector.

The researcher expects to finish a final project
report by July, 1997.

Carbon Dioxide Absorption Investigation for Disabled Submarines

Researcher: Midshipman 1/C. Beaubien, USN
Adviser: Professor Marshall L. Nuckols
Sponsor: Naval Submarine Medical Research Laboratory, Groton, CT

The objective of this research is to attempt to quantify
the relative efficiencies of two alternative carbon
dioxide absorption techniques for a disabled
submarine. Among the methods being investigated are
active and passive absorption using lithium hydroxide,
seawater absorption, and the use of hollow-fiber

membranes to salectively remove toxic levels of carbon
dioxide with minimal power requirements. Within
the past year, methods were developed to predict the
levels of carbon dioxide in disabled submarines and
techniques using human power were investigated to
alleviate these harmful carbon dioxide levels.

The Development of Control System for a Remotely Operated Underwater Vehicle

Researcher: Midshipman 1/C Benjamin Chong, USN
Advisers, Professor Marshall L. Nuckols and Associate Professor Carl Wick

The objective of this project wasto design and build a
control system for the Ocean Engineering ROV
“CHUBBY.” The end product of this project is a
joystick control console, offering the ROV operator
top-level control capability of the vehicle’'s motion.
Logic circuits will provide low-level control of

individual thrusters and will free the operator from this
task by effectively hiding it in the logic circuits. The
system utilizes multiplexing of the power feed and the
control signals to minimize power losses through the
umbilical.

The Use of Phase Change Materialsin the Non-Return Valve (NRV) Suit
to Enhance Thermal Protection

Researcher: Midshipman 1/C Cara Grupe, USN
Adviser: Professor Marshall L. Nuckols
Sponsor: Nava Surface Warfare Center, Coastal Systems Station, Panama City, FL

Thisresearch sought to develop a thermally protective
skin to be worn by divers that will enhance their
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thermal protection for at least twenty minutes in the
event of an accidental interruption in the flow of hot
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water into the NRV suit. The latent heat of the phase
change materials will protect the divers when the
phase change material, which is incorporated into a
conventional dive skin, is placed in contact with cold
temperatures. The first phase of the project involved
developing 12" x 12" test panels of micro-encapsulated
and macro-encapsulated phase change materials. Tests
of these panelsin a Rapid-K Therma Conductivity
test apparatus provided a record of the temperature

changes during the phase change transition. These
tests help determine the type of phase change material
and the proper thickness of the phase change material
needed in adiver liner. Fabrication of prototype suits,
incorporating this phase change materia, is
proceeding; we expect to test these prototypes at the
Naval

Experimental Diving Unit in Panama City, FL this
summer.

Innovative Conceptsin Diver Thermal Protection

Researcher: Midshipman 1/C James Zoulias, USN
Adviser: Professor Marshall L. Nuckols
Sponsor: Naval Surface Warfare Center, Coastal Systems Station, Panama City, FL

The diving community seeks passive methods of
protecting a diver from cold exposures as aternatives
to active heating systems. All passive thermal
protection techniques share one common advantage
over their active heating counterparts; they reguire no
energy storage or energy distribution. This advantage
tends to make passive protection less complex and
usually less expensive. Unfortunately in severe cold
water, passive systems have customarily required
divers to use thick, layered insulating garments worn
beneath waterproof diving suits to reduce the loss of

body heat to the surrounding cold water. These suits
are excessively buoyant, bulky, difficult to keep
waterproof, and only minimally effective in protecting
thedivers feet and hands from the cold. This research
explored innovative passive protection techniques,
including the use of phase change -materials (PCM’s)
and insulating liquids. The investigator conducted
|aboratory tests of conceptual insulating concepts. The
objective of this research has been to provide the
diving community with improvements in thermal
protection for long duration, cold water missions.

Publications

AYYUB, B. M., WHITE, Gregory J., MANSOUR A.
E., and WIRSCHING, P. H., “Probability Based
Design Requirements for Unstiffened Panels in Ship
Structures,” 7" ASCE Specialty Conference on
Probahilistic Mechanics and Structural Reliability,
Worcester, MA., August 7-9, 1996.

This paper describes the development of a reliability-
based design format for unstiffened panels and
presents the development of load and resistance factor
design rules for unstiffened panels for demonstration
purposes. The authors base the resulting rules on an
assigned target reliability level using the first-order
reliability method (FORM).

CASSATA, James R., Lieutenant, USNR, co-author,
“Impact of the Revised ANSI Standard on Accredited
Thermoluminiscent Dosimeter Processors,” Radiation
Protection Dosimetry, Vol. 67, No.3 , pp 167-177
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(1996).

Changesin 1993 to ANSI N13:11 will have an impact
on the performance of thermoluminiscent dosimetry
algorithms used to determine dose equivalent
measurements. Accredited processors should update
their algorithms to account for these changes. This
paper quantifies the performance impact from the
changes in two new energy x-ray beams, changes in
the dose conversion factor C,, and testing at angles. It
prescribes a predictive model that will determine new
correction factors used in the caculation of dose
equivalent and presents a comparative study between
predicted and experimental values. A proficiency test
using the predicted values on a set of dosimeters
irradiated at PNL demonstrates the validity of this
approach.  Extensive angular testing was aso
performed at NIST.
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COMPTON, Roger H., Professor, co-author, “The
Safety of High Speed Marine Vehicles” HSMV
Committee Report to the 21st International Towing
Tank Conference, Trondheim, Norway, pp. 515-544,
September 1996.

In the years between 1990 and 1995 the world-wide
fast ferry fleet grew by nearly 33% with catamarans
increasing their share, largely at the expense of
hovercraft and hydrofoils. The share of monohulls and
surface effect ships (SES) remained sensibly constant.

Fast ferries now serve several areas of the world
with the result that hundreds of passengers daily travel
at high speed over waters which are often congested.
Under these conditions rough seas lead to problemsin
maintaining an acceptable degree of passenger
comfort. Military organizations throughout the world
are using or considering for use high speed marine
vehicles to serve a number of roles: high speed
interception, fast patrols, fast weapon platforms and
rapid deployment of troops. Rescue services have
joined this upward trend in speed by designing and
building faster rescue craft; speed in this case alows
rapid response to a casualty, which may be severa
miles distant. Furthermore, recent improvements in
technology have been such that the economics of high
speed commercia craft (mainly passenger ferries) have
improved considerably, allowing a wide sphere of
employment to be opened up. Therefore, the future of
high speed marine vehicles seems assured world-wide
with intense activity seen in Europe, the USA, Asia,
the Mediterranean, South America, Canada, and
Australia.

A price comes with this aimost explosive growth
in the fast vessel market. These lighter, more
vulnerable craft, moving at high speeds across the
waters of the world have to be safe. The structura
loads and accelerations for these fast ships differ
considerably in type and magnitude from those for
displacement ships; the codes for displacement ships
do not necessary apply. Fast ferries can carry 300
passengers or more, and with the advent of the Stena
HSS vessdl this capacity has risen dramatically to
1500. The consequences of an accident to afast vessel
filled to capacity istoo obvious, and this specter spurs
various authorities to produce rules and criteria which
must be met for safe operation. The most important of
these isthe IMO Code of Safety for High Speed Craft
(IMO document 187E). This code provides guidelines
for safe operational limits for all types of high speed
craft. The need for such a Code cannot be disputed
because the growth of operation has been accompanied
by a growth in accidents. The increase in craft
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numbers around the world must not be accompanied by
a corresponding increase in accidents. Much remains
to be done.

The Committee sees a complete understanding of
both the dynamics and hydrodynamics of high speed
craft to be the key to ensuring the safe and predictable
behavior of such craft in the years to come. It feels
there is insufficient knowledge of the dynamic
instability to which HSMV’s are prone. Clearly there
isarole for experiment and theory.

The emphasis of thisreport is on craft safety and
the successful identification of any important dynamic
problems at the model test/design stage, which impact
on safety.

DAWSON, ThomasH., Professor, "Group Structurein
Random Seas," Journal of Atmospheric and Oceanic

Technology, Vol. 14 (1997).

This paper extends Markov theory for statistics of runs
of high waves in a random sea to the specia case,
where runs consist of two or more high waves, that is,
for the case of wave groups. The author derives
expressions for the average number of waves forming
the groups, for the relative number of groups expected,
and for the average number of waves between the
beginnings of groups. Theoretical results of the
present research are in good agreement with data
determined from laboratory, computer simulations, and
field measurements.

HARPER, Mark J., Associate Professor, co-author,
“An application of HIMS Technology to the Study of
Radionuclear and Chemical Pollutant Dynamicsin the
AngaraY enisey River System,” Ecological Modelling,
in review March 1997.

In this paper the authors considers the problem of the
origin of the pollution level in the Yenisey River
estuary, whichislocated in north central Siberia and
empties into the Kara Sea. In the framework of this
problem, a joint US/Russian environmental and
hydrophysical expedition to the Angara and Y enisey
Rivers of Siberia occurred in Summer 1995. The
results of the pollution measurements taken during this
expedition makes it possible to begin the synthesis of
the spatial mathematical model for pollution transport
in the Angara-Yenisey River system. The model
includes blocks describing the flows of pollutants from
biogeochemical, hydrophysical and anthropogenic
sources, and it takesinto consideration the influence
of soil-plant formations. Its design provides for
interactive use of the computer in the mode of a
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computer experiment.
This paper presentsthe expedition results and the
results of the model calculations.

HARPER, Mark J., Associate Professor, co-author,
“Radionuclear Pollutants in the Angara and Y enisey
Rivers of Siberia” International Symposium on
Radionuclidesin the Oceans, Cherbourg, France, 7-11
October 1996.

A joint USRussian expedition to Siberia’ s Angara and
Yenisey Rivers in July and August 1995 detected
manmade contaminants in water and sediment samples
from both industria regions and wilderness areas. The
team sampled from small boats using hand cores on or
near the river banks and a gravity corer in deeper
water; it sasmpled above and below the hydroelectric
dams at Irkutsk and Bratsk, in and around the
industrial city of Angarsk, and in the region of the
junction of the Angara and Y enisey Rivers. To abtain
near real-time results on the samples collected in the
field the team established an on-site laboratory at the
Irkutsk Scientific Center; the laboratory included the
following three types of instruments: 1) a low-
background high-resolution gamma-ray spectrometer
for radionuclides, 2) an x-ray fluorescence
spectrometer for heavy metals, and 3) a gas
chromatograph for volatile organic compounds
(VOCs). Samples were brought back for more
extensive laboratory analysis. Samples of dry
sediment taken from the Yenisey River just above the
junction with the Angara contained the reactor
products 60-Co, 137-Cs, and 152-Eu at levelsin the
range of 200-500 Bg/kg. These results indicate that
the nuclear production facility at Krasnoyarsk-26, on
the Yenisey River 270 km above the junction, has
introduced radioactive contamination far downstream
and is a probable source of previously detected
radioactivity in the Yenisey estuary at its outlet into the
Kara Sea. Samples downstream from the industrial
complexes contained two heavy metals, Asand Zn, at
levels much higher than the median for fresh water. In
addition, samples taken on the Angara downstream
from industrial complexes contained the VOCs toluene
and m-xylene; moreover, all samples from the Y enisey
contained methylene chloride. These are common
industrial solvents and toluene is commonly used as an
octane booster in Russian fuels.

HARPER, Mark J., Associate Professor, co-author,
“Radionuclear Pollutants in the Angara and Y enisey
Riversof Siberia,” Radioprotection, Vol 32, C2, April
1997.
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Sediment samples taken from the Yenisey River just
above the junction with the Angara about 250 km
downstream from the production reactors at
Krasnoyarsk-26 contained the reactor products *Co,
BICs, and*Eu at levelsin the range of 150-420 Bg/kg
dry weight. A joint US/Russian expedition to the
Y enisey and Angara Rivers made these measurements
during July and August 1995. Together these rivers
drain a major portion of the industrial heartland of
Siberia into the Kara Sea and from there into the
Arctic Ocean. Members of the expedition used hand
coreson or near the river banks and a gravity corer in
deeper water to take sediment samples along the
Yenisey and Angara Rivers in the region of their
junction, the Angara River above and below the
hydroelectric dams at Irkutsk and Bratsk, and on the
Angaraand itstributaries in and around the industrial
city of Angarsk. The sediment samples taken from the
Y enisey approximately 250 km downstream from the
nuclear production facility a Krasnoyarsk-26
contained significant levels of long-lived reactor
products.

HARPER, Mark J., Associate Professor, and Keith W.
LINDLER, Associate Professor, “Design and
Construction of a Thermophotovoltaic Energy
Conversion System Using Combustion Gases from a T-
58 Gas Turbine,” 32nd Intersociety Energy Conversion
Engineering Conference (IECEC), Honolulu, HI, 27
July - 1 August 1997.

The project at the U.S. Naval Academy involves the
development of a prototype thermophotovoltaic (TPV)
generator that uses a General Electric T-58 gas turbine
as the heat source. The goals of this project are to
demonstrate the viability of using TPV and external
combustion gasesto generate electricity and to develop
a system which could also be used for materials
testing. The modular design of the generator permits
the testing of different materials at alater date.

This design provides for the tapping of the
combustion gas from the T-58's combustor through one
of the two ignitor ports and extracting it through a
silicon carbide matrix ceramic composite tube into a
similarly constructed ceramic composite radiant
emitter. The ceramic radiant emitter, heated by the
combustion gas via convection, radiates the heat
outwards to be absorbed by thermophotovoltaic cells
and converted directly into electricity. A data
acquisition system monitors the gas turbine and
generator module and performs both the data
collection and control functions. This paper details the
design of the TPV generator and gives results of initial
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tests with the gas turbine driven TPV energy
conversion system.

HARPER, Mark J., Associate Professor, and Keith W.
LINDLER, Associate Professor, “Material Selection
and Design of a High  Temperature
Thermophotovoltaic Emitter,” 32nd Intersociety
Energy Conversion Engineering Conference (IECEC),
Honolulu, HI, 17 July - 1 August 1997.

Direct energy conversion is an attractive option for the
Navy asit eliminates the need for complex machinery
and reduces maintenance concerns by eliminating
moving parts. Thermophotovoltaics is one viable
candidate for direct energy converson. TPV
generators offer all of the advantages of direct energy
converson, and waste heat can run them for smaller
scale operations. At the present time, current TPV
generators are either inefficient or impractical.

The United States Naval Academy’s goal was to
build a thermophotovoltaic generator powered by the
combustion gases of aT-58 gasturbine. The design of
the generator imposed material limitations that directly
affected emitter and structural material selection. This
paper details the emitter material goals and
reguirements, and the method used to select the fina
emitter material.

HAWLEY, JG., and Marshal L. NUCKOLS,
Professor, "Underwater Engineering and Education at
the U.S. Naval Academy Focusing on Novel ROV
Designs,” J. of the Institute of Marine Engineers, June
1996.

The Department of Naval Architecture, Ocean and
Marine Engineering at the United States Naval
Academy (USNA) has developed within its
engineering programmes a curriculum in the general
area of “underwater engineering.” Currently, the
engineering programmes within the department are so
aligned that the midshipmen (students) can follow an
“underwater engineering track” by selecting a mixture
of relative courses and undertaking individual
research. The courses comprise specialized electives,
which address the varied technol ogy aspects associated
with “man and machine underwater,” and a one
semester ocean engineering systems design course.
Midshipmen who achieve certain scholarly
requirements may undertake individual research
outsde these courses. The ocean engineering systems
design course revolves around a “design and build”
project in which groups of midshipmen are presented
with scenarios which reflect real-life underwater
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engineering tasks and requirements. One recent
project, which is ongoing in collaboration with the
Naval Surface Warfare Center, is the design and
evauation of a prototype Automated Hull Maintenance
Vehicle (AHMV). This paper describes the
development of specialist courses in an undergraduate
programme to address the man and machinery aspects
associated with underwater engineering. The paper
further details the philosophy by which these courses
have been used to support specialist projects with a
particular focus on the design of an AHMV to
undertake in-water environmental cleaning operations.

HAWLEY, J.G., Marshall L. NUCKOLS, Professor,
G.T. READER and I. J. POTTER, Underwater
Intervention Systems, Kendall/Hunt Publishing
Company, Dubuque, |A, July 1996.

This is a textbook for undergraduate students of any
discipline who are undertaking courses and conducting
independent/group projects and research in ocean
engineering, underwater technology, and offshore
studies. It isthe authors intention to provide with this
book a good foundation and reference guide for
graduate students, practicing engineers, and other
professionals, who are starting to work in underwater
technology and have little prior knowledge of its scope.
Non-specialists will find that the pragmatic approach
of the book will enable a ready understanding of the
complex problems associated with underwater vehicle
technology without additional highly specialized study.

JOHNSON, Bruce, Professor, “Version 1996 of the
International Towing Tank Conference Symbols and
Terminology List,” distributed as an Acrobat.pdf
format over the World Wide Web, September 1996.

The Symbols and Terminology Group (SaT), formed in
October 1985 with Professor Johnson as chairman, has
produced three hard copy versions of the Standard
Symbols and Terminology List. It distributed the first
oneto al ITTC members during the Kobe Conference
(October 1987); the second during the Madrid
Conference (September 1990), and the third one before
the 20th conference in San Francisco in 1993.

The main activity of the SaT Group during the
1993-1996 period was to restructure the 1993 Version
of the SaT List to make it more user friendly and
consistent, by avoiding unnecessary duplications, and
by depleting cryptic notation. A Hypertext Version of
the SaT Listis presently available on the World Wide Web.

The Committee recommended to the 21st ITTC
Conferencein September 1996 in Norway that it adopt
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the 1996 Version of the ITTC Symbols and
Terminology List as areference document. TheITTC
SaT List needs continuous updating, revision, and
extensions; the SaT Group can update and reissue the
Hypertext Verson on an annual basis. Since 1996 the
SaT Group has revised and republished the Hypertext
Version twice.

JOHNSON, Bruce, Professor, ENS Edward
CHAPMAN, USN, and Mrs. Nancy HARRIS, nava
architect, “ Concerning the Electronic Distribution of
ITTC Documents,” Vol I, Proceedings of the 21st
ITTC, Norway 1997, pp 75-76.

In this paper the authors discuss the various ways to
distribute documents electronically; they cover two
primary methods. e-mail and posting on the World
Wide Web (WWW). With e-mail the sender must
know dl the addresses for the recipients, but it has the
advantage of maintaining the privacy of the
communication. E-mail also limits the format and
type choice; however, attaching binary files
circumvents this disadvantage. If the receiver has the
software to read the attachments, the sender can attach
any type of file: word processor, data base, graphic, or
one for which the sender and receiver have the
software to write and read respectively. By posting
the article on the internet, the sender makes it
available to anyone or alimited group with password
protection. By posting on the WWW, the author can
use word processing, data bases, graphics, and full
character sets; moreover, imbedding File Transfer
Protocol allows for almost unlimited information
exchangeto alimited or unlimited group of receivers.

KRIEBEL, David L., Associate Professor, and
Midshipman C. BOLLMAN, “Wave Transmission
Past a Vertical Wave Barrier,” Proc. 25th Intl. Conf.
On Coastal Engineering, Vol. 2, pp. 2470-2483,
Orlando, September 1996.

The authors use three sets of experimental data to
evaluate theories for predicting regular wave
transmission past vertical wave barriers. The three
theories are: (1) the power transmission theory of
Wiegel (1960), (2) a modified power transmission
theory that includes effects of wave reflection, and (3)
the eigenfunction expansion theory of Losada et al.
(1992). Under deep and near-deep water conditions -
which are typical of most design conditions - the
theory of Wiegel is found to over predict wave
transmission under most circumstances. The modified
power transmission theory provides better agreement
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with the data. The eigenfunction method provides good
agreement for deep wave barrier drafts but
overestimates transmission for shallow drafts.
KRIEBEL, David L., Associate Professor, R.
DALRYMPLE, A. PRATT, and V. SAKOVITCH, “A
Shoreline Risk Index for Northeasters,” National
Conference on Natura Disaster Reduction,
Washington, D.C., December 1996, pp. 225-235.

The authors develop a simple five-point index to
assess the erosion risk associated with the impact of
northeast storms along the Delaware coast. The Ash
Wednesday Northeaster of March, 1992 caused a
complete loss of dunes and flooding of the area
landward of the dune line. This storm defines the
classification for a Category 5 Northeaster in the
index. To develop the other categories (from 1 to 4),
the authors applied an analytic storm erosion model to
beach profiles from four locations. Dewey beach,
Bethany Beach, South Bethany Beach, and Fenwick
Island. They used a range of storm surge elevations,
storm duration, and breaking wave heights to predict
erosion values observed in historical Northeasters. This
analysisled to asmple equation relating the expected
beach and dune erosion to these input parameters. The
authors normalized the equation by applying the
equation to the Ash Wednesday Northeaster of March,
1992. The developed five point index indicates the
relative severity of Northeast storms on the Delaware
shore and should serve as an aid to state emergency
management and natural disaster planning officials.

LINDLER, Keith W., Associate Professor, and Mark
J. HARPER, Associate Professor, * Combustor/Emitter
Design Tool for a Thermophotovoltaic Energy
Converter,” Energy Conversion and Management,
accepted for publication, Elsevier Science Ltd, 2
January 1997.

Recently, there has been a renewed interest in
thermophotovoltaic (TPV) energy conversion. A TPV
device converts radiant energy from a high
temperature incandescent emitter directly into
electricity by photovoltaic cells. The current research
at the United States Naval Academy involves the
design, construction and demonstration of a prototype
TPV converter that uses a hydrocarbon fuel (such as
natural gas) as the energy source. Since the
photovoltaic cells are designed to convert radiant
energy efficiently at prescribed wavelength, it is
important that the temperature of the emitter be nearly
constant over its entire surface. The U.S. Naval
Academy is developing a small emitter (with a high
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emissivity) that can be maintained near 1478 K
(2200F).  This paper describes the computer
spreadsheet mode that was written as atool to be used
for the design of the high temperature emitter.

MANSOUR, A.E., P. H. WIRSCHING, B. M.
AYYUB, and Gregory J. WHITE, “Caode Devel opment
for Ships - A Demonstration,” 15" International
Conference on Offshore Mechanics and Arctic
Engineering, OMAE’ 96, Florence, Italy, June 16-20,
1996.

This paper demonstrates a reliability-based structural
design code for two ship types, a cruiser and a tanker.
The reason for the development of such a code is to
provide specifications which produce ship structure
having a weight savings and/or improvement in
reliability relative to structure designed by traditional
methods.

MANSOUR, A.E., P.H. WIRSCHING, B.M.
AYYUB, and Gregory J WHITE, Professor,
“Probability Based Design Requirements for Ship
Structures,” 7" ASCE Speciaty Conference on
Probabilistic Mechanics and Structural Reliability,
Worcester, MA., August 7-9, 1996.

This paper concerns the development of partial safety
factors associated with the important failure modes of
ships. It demonstrates a procedure for developing
probability based safety factors and presents the
resulting values of partial safety factors obtained in the
demongtration. The paper also summarizes the target
reliability levels used and one of the devel oped safety
check expressions.

McCORMICK, Michael E., Professor, Rameswar

BHATTACHARYYA, Professor, and Sarah E.
MOURING, Assistant Professor, "Hydroelastic

Considerations in Ship Panel Design,” _ Naval
Engineering Journal, American Society of Naval
Engineers, (accepted for publication, Summer 1997).

Panels and al other structural components of surface
ships and submarines vibrate when the vessel is
underway. The vibratory motions are primarily excited
by the power plant. At operational (design) speeds,
panels vibrate in their fundamental modes and those
associated with their higher harmonic frequencies.
The panel motions have rather well-defined energy
spectrawhich depend on the structural design, position
of the panel and the rotational speed of the single or
multiple power plants. The panel motions will interact
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with the vortices in the adjacent turbulent boundary
layer. Theinteraction can result in either an increase
in the frictional drag or a decrease. Because of this,
the argument is made that the designs of the panels
and their support systems should include
considerations of the hydroelastic effect.

NELSON, Martin E., Professor, co-author, “ Soft Error
Rates in Modern Memory Chips induced by High
Energy Particles,” |EEE, Journal of Solid State
circuits, Feb 1998.

This paper presentsanew study on the effects of high
energy nheutrons, protons, and pions on modern
memory chips. It shows that an observed factor of
1000 can be found in the SER in three types of modern
memory chip designs currently used for commercially
available memory chips. The results show that the
trench design with internal charge storage has a
significantly lower SER than the other two chip
designs. The results also show that the particle’'s
energy is most important in predicting the chip SER
except for alarge resonance which exists for pionsin
the 100-250 MeV energy range.  The paper also
includes a discussion of the effects of system
electronics on the observed SER.

NUCKOLS, Marshall L., Professor, “Analytica
Modding of a MicroPCM-Enhanced Diver Dry Suit,”
I nternational Journal of Ocean Endineering, Submitted
for publication 1 November 1996.

Over the years, various forms of phase change
materials (PCMs) have served as thermal storage
mediums for cooling and heating applications.
Recently, the U.S. Navy has investigated using phase
change materials inside divers' dry suits to enhance
thermal protection in extremely cold water
applications. In this paper the author develops
analytical models for the thermal performance of
optional types of insulative MicroPCM* mediums,
medium thicknesses, and foam-to-MicroPCM ratios;
he then usesthe results to develop an analytical model
of dry suit systems, both conventional and those
containing MicroPCM materials. Using the model, he
compares the relative thermal performances of
MicroPCM-enhanced dry suits with existing
commercia dry suitsin simulated ocean environments

MicroPCM is a trade name used by Frisby
Technologies of Clemmons, NC to cover afamily of
patented microencapsul ated phase change materials.
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and assesses the relative thermal performances of
candidate MicroPCM foam materials in an effort to
maximize thermal storage capabilities. These
candidates include those interspersed with different
weight percentages of phase change materials. The
observations from this modelling effort provide
guidelines and recommendations for materials
selection and thickness requirements for candidate
MicroPCM materials to be used in prototype dry suits
for divers.

NUCKOLS, Marshall L., Professor and Rudolph J.
HUGHES, “Thermal Analysis of a Firefighters
Breathing Gas Cooler,” J. International Society for
Respiratory Protection. Accepted for publication.

This paper describes a breathing gas cooler design to
keep the life-support gas inside a firefighter’'s face
mask at, or below, 120°F for a period of at least 30
minutes; it also presents an evaluation of the thermal
performances of two basic heat exchanger designs,
which might be used for this purpose. Both designs
incorporate a modification to the existing firefighter’'s
apparatus with MicroPCM™ wrapped around the
breathing gas supply lines within a foamed metal
matrix . The gas cooler designs are in the
configuration of an air-to-liquid (or solid) heat
exchanger. The application requires the heat
exchangers to fit comfortably on the firefighter and
have quick connect and disconnect air supply fittings
for ease of switch out. A 5 foot long, single pass heat
exchanger, surrounded with a MicroPCM dlurry in
either a pig nose or bullseye configuration adequately
reduces a firefighter's breathing gas from a
temperature of 200°F to 120°F with a respiratory
minute volume of 625 LPM. Both design
configurations have a foamed aluminum matrix in
contact with the outside of the breathing gas tube to
enhance the hesat transfer from the breathing gas to the
MicroPCM dlurry. Eicosane, C,H,,, with a melting
temperature of 98.1°F is the best candidate MicroPCM
for maximizing the heat transfer efficiency in the
breathing gas cooler. Lessthan 2 pounds of adurry
consisting of 60% Eicosane, and 40% water provided
sufficient heat storage capacity to operate the breathing
gas cooler for a 30 minute duration.

NUCKOLS, Marshdl L., Professor, A. SARICH and
W. TUCKER, Life Support Systems Design: Diving
and Hyperbaric Applications, Simon & Schuster
Publishing Company, New Y ork, July 1996.

This textbook presents methods for designing
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hardware for the following systems used in diving:
conventional and saturation diving systems, pressure
vessels and environmental control systems for deep
diving applications, and open-circuit breathing
apparatus for shallow-water diving. To accomplish its
purpose, the text first explores the underwater physics
of the transport of light, heat, and gases in and about
the diver. Since the authors wish to place a particular
emphasis on the effects of hyperbaric exposuresto the
diver’'s ability to function, they cover the uptake of
inert gases in the human body at elevated pressures,
decompression theory, and its practice. They review
carbon dioxide absorption processes and present a
systemic procedure for CO, scrubber design.

READER, G.T., JG. HAWLEY, and M. L.
NUCKOLS, Professor, “Experience with International
Collaboration at the Undergraduate and Graduate
Level,” Proceedings of the Mechanical Engineering
Department Heads Education Conference, American
Society of Mechanical Engineers, San Diego, CA, 19-
21 March 97.

Individualy, the authors have been involved in a
variety of international collaborative ventures
concerning engineering education and scholarly
exchanges since the 1970s. This paper presents some
personal observations on these experiences and current
international trends; it describes the experiences of the
authors in working together on various research and
engineering education projects over the last ten years.
Our discussion covers the concepts and needs of the
“Globalization” of education, particularly engineering
education, especialy with regard to the effectiveness of
the use of international resources in developing “link”
agreements. Good communications is akey element to
success, and the recent advent of electronic and
internet facilities can do much to enhance the
communications process. However, there needs to be
an agreed vision and mission because the vagaries of
cross-border co-operation can lead to great frustrations.
An appreciation of the different educational culturesis
as important as communications.

WATERS, Jennifer K., Assistant Professor,
“Environmenta Protections,” Chapter in Principles of
Small Craft Design, Society of Naval Architects and
Marine Engineers.

Environmental protection has taken a paramount role
in the design of all water-borne craft. While design
and construction recommendations and regulatory
guidance exist in many references for larger vessels,
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very little information is available for small craft
design. This chapter is therefore the first
comprehensive environmental protection reference for
smaller craft. Covered topics include water pollution,
air pollution, noise pollution, and domestic and
foreign legislative and regulatory bodies, which have
concerns with environmental protection.

WHITE, Gregory J., Professor, B.M. AYYUB, A.E.
MANSOUR, and P.H. WIRSCHING, “Probability
Based Design Requirements for Longitudinally
Stiffened Panels in Ship Structures,” 7" ASCE
Specialty Conference on Probabilistic Mechanics and
Structural Reliability, Worcester, MA., August 7-9,
1996.

A stiffened panel is a panel of plating which has
gtiffeners running in two orthogonal directions. Loads
can arise from hydrostatic and hydrodynamic pressure
associated with still water, wave, and dynamic
conditions and inplane loads from the same conditions.

This paper presents an analysis of one possible failure
mode, that of the longitudinally stiffened sub panel and
provides alimit state formulation of the failure mode.
The authors used this limit state for an example deck
and bottom structure to derive partial safety factors for
both a cruiser and a tanker.

WIRSCHING, P.H., A.E. B. M. MANSOUR, B.M.
AYYUB, and Gregory J. WHITE, Professor,
“Probability Based Design Reguirements with Respect
to Fatigue in Ship Structures,” 7" ASCE Specialty
Conference on Probabilistic Mechanics and Structural
Reliability, Worcester, MA., August 7-9, 1996.

A Ship Structure Committee project developed a
prototype code statement of probability-based design
reguirements with respect to fatigue for ship structural
details. This presentation summarizes the method of
deriving probability-based safety margins and the
definition of target reliabilities, and provides an
example of the safety margins.

Technical Reports

CERZA, Martin R., Associate Professor, “The Use of
a Synthetic Atmosphere (EGR) for Control of
Emissionsin a CFR Spark Ignition Engine,” USNA
Technical Report EW-01-97.

This report deals with the fabrication and testing of a
synthetic atmosphere delivery system for Internal
Combustion Engines. An atmospheric chamber was
fabricated to house mixtures of gases such as Carbon
Dioxide, Nitrogen, Oxygen, Argon, and Helium.
Different mixtures of gases would be fed into the
intake of an Internal Combustion Engine in an effort
to reduce emissions, i.e., the content of nitric oxides,
nitrous oxides, carbon monoxide, and unburned
hydrocarbons. Connecting the facility to a spark
ignited CFR engine provided favorable results.
Essentially the presence of carbon dioxide in the
engine intake reduced NO by lowering the combustion
chamber temperature. The next thing to do is to test
the synthetic atmosphere facility with Diesel Engines.
The synthetic atmosphere apparatus is much like the
Exhaust Gas Recirculation (EGR) on an automabile.

COMPTON, Roger H., Professor, co-author, “Ship
Stability Criteria Revision Project: Intact and Damaged
Modd Testing of aHAMILTON Class cutter (WHEC)
at Zero Speed in Wind and Waves,” Report #EW 09-
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96, June 1996.

The redlistic assessment of ship stability in typical and
severe sea conditions requires dynamic as well as static
analyss methods;, thus, the classica naval
architectural technologies of intact/damaged stability
and Sea keeping are rapidly becoming inseparable. An
international effort to review, improve, and update ship
stability criteria has employed physical scale modeling,
analytical modeling, and full scale sea trids to
understand and be able to develop criteria which insure
adequate safety for ship loading over aship’slife.
The United States Nava  Academy
Hydromechanics Laboratory (NAHL) has been
involved in this criteria development process primarily
in the performance of physical scale model
experimentation in wind, waves, and combined wind
and wave environments. The initial results of this
NAHL effort, from the Summers of 1993 and 1994, are
documented in a series of four technical reports
(Shaughnessy, Nehrling, Compton - Oct ‘93, July ‘94,
Aug ‘94, and Jan ‘' 96). In November 1994 these same
three authors presented a summary of the experimental
techniques developed for stability testing of ship
models to the Fifth International Conference on
Stability of Ships and Ocean Vehicles (STAB ‘94).
This report extends this experimental
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methodology to include a damaged ship scenario. It
presents a direct physical modeling of the U.S. Navy
damaged stability criteria (NSTM, Chapter 079) and
investigates the behavior of both the intact and
damaged model in extreme wave conditions. The
reported work investigates the correlation of intact
predictions from two different sized models. In
addition to the written report, the authors produced a
full set of annotated video tapes of the test program.

MANSOUR, A.E., AYYUB, B. M., WHITE,
Professor, and P.H. WIRSCHING, “Probability-Based
Ship Design - Implementation of Design Guidelines
for Ships,” Ship Structure Committee Report No. SSC-
392, October, 1996.

In this report the authors demonstrate a reliability-
based structural design code for two ship types, a
cruiser and atanker. The reason for the development
of such a code is to provide specifications which
produce ship structure having a weight savings and/or
improvement in reliability relative to structure
designed by traditional methods.

The demonstration code requirements cover four
failure modes: hull girder buckling, unstiffened plate
yielding and buckling, stiffened panel buckling, and
fatigue of critical details. It accounts for both
serviceability and ultimate limit states.

A completereliability based code for the structure
of aship would require amulti-year team effort. What
is provided herein is a road map for the development
of such a code. This demonstration code is not a
working document; it lacks extensive professiona
comments and review.

MAY ER, Robert H., and Bruce JOHNSON, Professor,
“Integrated Design of an Offshore Structure Enhanced
with Window-based Spreadsheets,” USNA Technical
Report EW-16-96, June 1996.

Preliminary and detailed design of offshore structures
requires the computation of forces and moments, the
sizing and integration of components, the evaluation of
structural and foundation stability, and the assessment
of functional and economic viability. Typicaly, the
design process involves numerous iterations to satisfy
all criteria.

Windows-based spreadsheets are convenient for
computation of structural loadings as well as for
integrating and evaluating the performance of system
components. Such spreadsheets are also useful for
exploring the significance of relevant design
parameters.
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Linked by windows paging, a series of design-
oriented spreadsheetsfacilitate parameter selection for
a Tower Tanker Mooring (TTM). Four senior-level
courses in the Ocean Engineering curriculum at the
United States Naval Academy use variations of these
spreadsheets developed in the TTM project. By
directly integrating wave forces with the mooring's
structural components, students gain appreciation for
the impact of structural sizing on drag and inertial
forces and can determine an optimal design that
satisfies the relevant design criteria.

MOURING, Sarah E., Assistant Professor, "Feasibility
Study on the Development of Advanced Composite
Hull Panels for Large Surface Ships,” NSF Fina
Project Report, Award No. 9522768, August 1996.

This research planning grant supported the
investigation into the feasibility of using advanced
compositesin large surface ship hulls for both military
and commercial use. Both preliminary research and
planning activities to develop a subsequent proposal
were part of this research planning grant.

The preliminary research was broken into two
areas. an extensive literature search on advanced
composites and involvement in an ongoing research
project at the Naval Academy to gain vauable
experience in experimental and analytical techniques
in the composites field. This preliminary research
involved the comparison of results from severa
experimental tests of composite panels to analytical
results from Finite Element Analysis (FEA).

Planning activities included attendance of
conferences on advanced composites, investigations
into pertinent topics, and the development of a
proposal to be submitted to NSF for consideration.

This study revealed that composite-construction
hulls were feasible using state-of-the-art technology
and new materialsfor lengths up to 400 feet. One area
of major concern, observed in experimental testing
and discussed in the current literature, is joint
connection failures. Currently, there is a lack of
research and general understanding of composite joint
connections. Research into  joint connections must
proceed mgjor devel opment of composite-construction
hulls.

NUCKOLS, Marshall L., Professor, “Analytica
Modding of a MicroPCM-Enhanced Diver Dry Suit,”
US Naval Academy Technica Report EW-20-96,
August 1996.

The objective of this effort was the analytical
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evaluation of the thermal performance of optional
types of insulative MicroPCM mediums, medium
thicknesses, and foam-to-MicroPCM ratios and an
analytical comparison between the predicted
performances of MicroPCM-enhanced dry suits with
that of existing commercia dry suits.

The investigator developed an analytical thermal
model of MicroPCM-enhanced dry suits to quantify
their thermal performances in various ocean
temperatures and pressures. The model helped to
generate data with which to compare the relative
thermal performances of MicroPCM-enhanced dry
suitswith existing commercial dry suits; it also helped
in the selection of the best suit system for the GEN |
prototypes for the NSW Enhanced Thermal Protection
Project. This model can aso be used to extend the
experimental test results from NEDU and NCTRF to
other mission profiles.

NUCKOLS, Marshall L., Professor, “The Use of
Micro-Encapsulated Phase Change Materials In The
Non-Return Valve (NRV) Suit To Enhance Thermal
Protection,” US Naval Academy Technical Report,
August 1996.

This paper presents athermal analysis to determine the
feasibility of using 100% micro-encapsulated phase
change materials (micro-PCM’s) in an NRV suit liner.
In this analysis the primary emphasis is to determine
if the stored energy contained in the phase change
materias would provide a significant improvement in
thermal protection for adiver in the event of afailure
of his warm water supply. The author compares the
thermal performances of two conceptual liners
containing phase change materials with melt
temperatures of 83°F (Octadecane, C,gH,,) and 98.1°F
(Eicosane, C,oH,,) with that of a conventional neoprene
foam liner. Results of these analyses indicate that the
liners containing PCM’s will maintain temperatures
adjacent to the diver's skin at, or near, the melt
temperatures for the PCM until all of the phase change
material undergoes transition from aliquid to a solid.
This result contrasts markedly with the observed
temperature behavior for a conventional neoprene
liner; the temperature drops rapidly after an
interruption in the warm water supply for a suit with a
neoprene liner. A 0.1-inch thick liner containing
Octadecane maintained temperatures adjacent to the
diver’'s skin approximately 30°F higher than did the
conventional liner after 7 minutes. The Octadecane
liner depleted all of its stored energy after 7 minutes
but still maintained temperatures amost 10°F higher
than the conventiona liner after 10 minutes. The
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Eicosane liner maintained higher temperatures
initially, but it depleted its stored energy after the first
5 minutes following the interruption of the warm
water supply to the hot water suit. This is a shorter
duration protection time than that for the Octadecane
liner; thetherma advantage of the Eicosane liner was
lost. These results may suggest that there is some
optimum intermediate melt temperature for the phase
change liners. A material with this optima melt
temperature would provide adequately high
temperatures adjacent to the diver’s skin, because it
maximizes the period of time required for the phase
change materials to transition from liquid to solid.
Thisreport proposesa laboratory test program to help
identify this optimum melt temperature.

NUCKOLS, Marshall L., Professor, “Feasibility
Anaysis-Surface Ventilation of a Disabled
Submarine,” US Naval Academy Technical Report
EW-5-96, 1996.

Flooding in the aft cabin of a 688 class submarine
during a diving accident, results in the submarine
sinking in 600 feet of secawater. There are 120
survivors in the forward cabin which has a floodable
volume of 50,787 ft®. We have assumed that the
pressurein the forward cabin was elevated to 5 Ata as
a result of seawater infiltration before bringing this
leakage under control. One proposal to ventilate the
forward cabin with surface air (79% nitrogen, 21%
oxygen, 0.035% carbon dioxide) uses gas hoses from
the surface that are connected with the disabled
submarine' s salvage connectors. This report outlines
the analysis that was conducted to determine the
feasibility of maintaining life within a disabled
submarine.

NUCKOLS, Marshal L., Professor, “Thermal
Andydsof aFirefighters' Breathing Gas Cooler,” US
Naval Academy Technical Report EW-19-96, July
1996.

Requirements for a breathing gas cooler require
maintaining the life-support gas inside the firefighter’s
facemask at, or below, 120°F for a period of at least 30
minutes. A cooler/heat exchanger is not presently
incorporated in the type of firefighter’s gas breathing
apparatus currently in use in the fleet. There are two
basic concepts that the Navy is presently evaluating.
Thefirst is a“horse-collar” design that will integrate
aheat exchanger surrounded with MicroPCM™ into a
yoke. The second is a modification to the existing
firefighter's apparatus with MicroPCM™ wrapped



NAVAL ARCHITECTURE, OCEAN AND MARINE ENGINEERING

around the air canister and gas lines. In either option,
the connecting gas whip umbilical to the face mask is
the standard type with a length of no longer than 24
inches. The cooler, normally in the configuration of
an air-to-liquid (or solid) heat exchanger, should be
capable of being worn comfortably by the firefighter
and have quick connect and disconnect air supply
fittings for ease of switch out. The objective of this
analysis is to quantify the required heat exchanger
surface area to cool breathing gases under the
following design parameters:

a) The breathing gas entrance temperature into
the heat exchanger will not exceed 200°F.

b) The exit temperature from the heat exchanger
should not exceed 120°F during 30 minutes of
operation.

¢) The exterior surface temperature of the
breathing gas apparatus will not exceed 200°F (this
may vary depending on the type of insulation used in
the backpack redesign.

d) The heat exchanger will see mid-stage pressure
of 130 psig.

€) The gas delivery flow rate to the user is 62.5
liters per minute (at 1 Ata and 98.6°F).

f) The MicroPCM™ will be capable of being
recharged when submerged in 90°F water for 30
minutes.
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The Chesapeake Bay is the largest, most studied, and
historically most productive estuary in the country.
Recent water quality degradation in the Bay has gained
considerable public attention and prompted much
concern. Water quality models of the Bay have been
instrumental in the establishment of governmental
policies and regulations with respect to any substance
or activity impacting the Chesapeake Bay water
quality. Often, it isonly through such a model that a
potential or present environmental threat can be
properly assessed, avoided or mitigated. Despite the
recognized importance of analytic and numerical
modeling in aiding regulatory decisions, the few
models in use have significant limitations and need
further validation and calibration. I