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All three disciplines in the Department of Naval Architecture, Ocean and Marine Engineering were active in scholarly
research and professiond devel opment during the 1999-2000 Academic Year. Asfaculty membersand midshipmen undertook both
funded and unfunded research activities, significant usewas made of the Academy’s outstanding experimental, computational , and
library facilities. The department sponsored a Trident Scholar and nine independent research projects during this academic year.

The department’s faculty continues to participate actively in professional meetings and conferences, both nationaly
and internationally. They published in professional journals and other technical publications and presented research results at
national and international symposia. Anenergized and current academic environment for both coreand major coursesisbut one
outcome of this department’s broad and significant involvement in research.

The broad spectrum of research themes reflects the varied specidties of the department’s three technical areas of
concentration.

Naval Architecture topics included the study and experimental testing of compressive loads on composite panels -
ncluding ultimate strength and failure characteristics, the durability of marine composites, and kedl and hull laminate design
studies for the proposed Navy 44 sail training vessel. In addition, experiments for predicting the powering performance of
unconventional planing hulls were conducted in the Hydromechanics Laboratory.

Ocean Engineering topicsincluded the study of wave groups, modeling of ship generated surface waves, experimental
testing of amobile offshore base module, driver propulsion vehicletesting, and devel oping flood-borne debris|oading standards
for fixed structures. In materials and structures, research projects dealt with the analysis of adhesively bonded compositejoints,
fiber steering techniques for lightweight affordable composite structures, and investigations into using composite materials to
fabricate pressure vessels. Other research, resulting in five Navy Patent Disclosures, involved the thermal protection of divers,
underwater life support, and experiments on passively-controlled underwater rebreather apparatus. Additional projectsincluded
an analysis of shipping trends, safety, and engineering aspects associated with the design and maintenance of navigable
channels, the analysis of toxin transfer in near shore sediments, and the use of Geographical Information Systemsto map long
term shoreline erosion.

Marine engineering topics included reliability centered maintenance, manpower and technology issues for future
submarines, advanced ideasfor nuclear propulsion plants, computer-based thermodynamicsinstruction, reduction of emissions
from marine power plants, and the combustion of shipboard solid wastes. In the area of energy conversion, research was
conducted on using both flat heat pipesand capillary pumped loop systemswith thermophotovoltaic generators. Other projects
included the study of radiation on microelectronic devices, thermoluminescent dosimeter investigations, and hazardous waste
remediation.

Research funding was made available from many sourcesincluding department operating funds, the Trident Scholar
Program, and contracts and grants from the Office of Naval Research; the Naval Sea Systems Command; the Naval Dosimetry
Center; the Nationad Science Foundation; the Ingtitute for Water Resources; the American Society of Civil Engineers; the
Department of Energy and the Knowles Atomic Power Laboratory; Strategic Systems Programs; the Naval Research Laboratory;
the Naval Facilities Engineering Services Center; the Applied Physics Laboratory; and the American Bureau of Shipping.
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Sponsor ed Resear ch

Wave Groupsand Wave Breaking in Random Seas
RESEARCHER: Professor ThomasH. Dawson
SPONSOR: Officeof Naval Research (ONR)

Wavegroupsin random deep-water waves are being studied experimentally using the Naval Academy’s 380 foot wave/
towing tank. Results to date have been compared with theoretical work that accounts for nonlinear effects on crest amplitudes.
Recent work has been concerned with investigation of wave-group statistics derived from Markov theory for wave runs. Most
recent work has been concerned with the effects of breaking waves on group statistics. The work is continuing under ONR
sponsorship.

Impact L oadsof Flood-BorneDebris
RESEARCHER: Professor David L. Kriebel
SPONSOR: American Society of Civil Engineers (ASCE)

Thisproject involved an extensive literature review and the forcesthat can beimparted by floating debris on buildings
located inflood-plains. Thisisthefirst phase of amulti-year project aimed at revising building codesfor flood-prone areas aspart
of the American Society of Civil Engineers (ASCE) Standard ASCE-7-98 “Minimum Design Loads for Buildings and Other
Structures,” apeer-reviewed set of building standardsthat can beincorporated into local, state, and national building codes. The
design of both residential and commercia buildingsin flood-plainsmust consider the effects of floating debristhat may becarried
by the flood water and impact the building. Thisisaproblem both in riverine flood-plains, where the typical debris consists of
large trees and logs, aswdll asin coastal flood-plains where the typical debris may consist of foundation piles from destroyed
buildings and pier. This project has involved: (1) areview of riverine flood debris, (2) a review of coastal flood debris, (3)
devel opment of new guidelinesfor debris sizes (weights and lengths) that should be considered in building design, (4) areview
of available guidance on predicting debris impact |oads, and (5) development of a recommended test plan, to be conducted in
2000-2001 to obtain new field dataon debrisimpact |oads.

Model Testing of a Mobile Offshore Base Module
RESEARCHERS: Professor David L. Kriebel and Ms. Louise Wallendorf
SPONSORS: Office of Naval Research (ONR) and Naval Facilities Engineering Services Center

Thisproject involved small-scal e physical model testing of one semi-submersible module of the Mobile Offshore Base
(MOB), afuture-generation floating air base currently being investigated for itstechnical feasibility. Theoveral MOB platform
considered inthisproject would be about 5000 feet long, 400 feet wide, with atotal height from keel to deck of about 250 feet. The
structurewould consist of five moduleslinked end-to-end. Each modulewould be asemi-submersiblefloating platform, 1000 feet
long and 400 feet wide, with adraft of about 40 feet when transiting across the ocean and adraft of about 100 feet when ballasted
down for air take-off and landing operations. If constructed, this structure would be much larger than any semi-submersible
platformnow in use.

The USNA research effort involved two distinct phases: (1) construction of ascalemodel of asinglemoduleof theM OB
platform and (2) testing of thismodel inthelarge wave/towing tank located inthe Naval Academy HydromechanicsLaboratory.
The purpose of these tests was to evaluate the dynamic motions of such a large semi-submersible in heave, pitch, and roll,
specifically in thetransit condition. The MOB model was built inthe TSD shopsin Rickover Hall during the summer and fall of
1998. Themodel wasbuilt using asscaleratio of 1-to- 70, and wasthus morethan 14 feet long, almost 6 feet wide, and about 3.5
feet high. Initial testing was performed in January 1999 with themodel held stationary inthewavetank, and additional testswere
completedin March 1999 with themodel towed at variousforward speeds. Resultsof these testswere presented at the Very Large
Floating Structures Conferencein September 1999. A final set of tests was completed in December 1999 to eval uate the wave
elevations under the deck and to measure dynamic motions for the model under a deep-draft or ballasted condition. Work isin
progress to complete project reports.
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Evaluation and Design of Heat Pipesfor Cold SideHeat Sinks
RESEARCHERS: Associate Professor Martin R. Cerza, Professor Keith W. Lindler
and Ensign Britt Boughey, USN
SPONSOR: Knowles Atomic Power Laboratory (KAPL)

Thermophotovoltaic (TPV) energy conversion utilizes photons from atherma radiator to convert photonic energy to
electrica energy. Duetothenature of thesystem, thethermal radiator must emit uniform radiation and therefore maintain auniform
temperature profile in order to achieve maximum efficiency. Heat pipe technology can effectively meet the demand for an
isothermal emitter asit utilizes near isobaric phase changesto transfer heat at auniform temperature. Inthisproject, heat pipesare
explored for usein TPV energy conversion systems. A flat heat pipe offers many advantages over the conventional cylindrical
design. Theseincludeincreased surfaceareato volumeratio in order to maximize power density, aswell astheability to stack or
layer the system with photovoltaic (PV) cells on both sides of the flat heat pipeto utilize available energy. Not only do flat heat
pipes present unique engineering demands inherent in their operation to counteract pressure differences across their vessel
walls, but they areal so difficult to construct. To date, only limited analysesof their thermal characteristicshave been donefor use
inperformancepredictions. Therefore, itisnecessary to conduct analysesto enable consideration of heat pipesfor implementation
into TPV systems. Thisreport detailsthe design and construction of aflat heat pipe analyzed both in symmetric and asymmetric
heating conditions, involving alow temperature version of future emitter designs due to safety considerations. Water was used
asaworking fluid instead of theliquid metal required to achievethetemperatures of afunctional emitter. Despitethisdifference
inworking fluid, the data presented is valuable to both TPV and heat pipe research.

Analysisof a Capillary Pumped L oop System
RESEARCHER: Midshipman 2/C Richard C. Herron, USN (Trident Scholar Project in 2001)
ADVISERS: Associate Professor Martin R. Cerzaand Associate Professor Mark J. Harper
SPONSOR: Knowles Atomic Power Laboratory (KAPL)

The purpose of thisresearch wasto study the feasibility of utilizing acapillary pumped loop (CPL) system asthe cold
heat sink for an energy conversion system. A capillary pumped loop energy transfer systemissimilar to aheat pipesystem. The
major differenceisthat the CPL system consists of separate evaporator and condenser devices. The CPL evaporator employs
capillary forces which are surface tensile forces across gas/liquid surfaces of curvaturein the evaporator wick. These capillary
forces provide the pumping head when heat is input to the evaporator, to drive an evaporation-condensation energy transfer
scheme much likeaheat pipe.

A capillary pump was designed, built, and tested satisfactorily. While the desired heat flux of 2.6 watts per square
centimeter were not achieved, further refinementsto the design and improved fabri cation methods should significantly improve
themaximum hest flux.

Flat Heat Pipesand Capillary Pump L oopsasHeat Removal Devices

for usein Thermophotovoltaic (TPV) Generators
RESEARCHERS: Professor Keith W. Lindler, Associate Professor Mark J. Harper,
Associate Professor Martin R. Cerza, and Ensign Britt Boughey, USN (Trident Scholar, Class of 1999)
SPONSOR: Knowles Atomic Power Laboratory (KAPL)

TheUnited StatesNaval Academy wastasked with the design and fabrication of acombustor/emitter that was compatible
withaDOE furnished thermophotovaltaic (TPV) power module. Following successful completion of that project, thegoa wasto
design and fabricate a heat pipe to radiate heat at uniform temperatures over aflat surface. A theoretical model was devised to
predict performance, and anovel flat heat pipewasdesigned. Two flat heat pipeswere constructed and tested under asymmetric
heating conditions. Results of testing indicated definite potential for low temperature, water-filled flat heat pipes to serve as
cooling devicesfor photovoltaic cellsina TPV power generation system.

During FY 2000 the thrust of research was the design and development of a capillary pump loop that will remove heat
from the photovaltaic cellsof aTPV power generator.
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Manpower and Technology I ssuesfor Submarinesof the Future
RESEARCHER: Associate Professor Mark J. Harper
SPONSOR: Nava Sea Systems Command, Naval Surface Warfare Center (NSWC)

Thisongoing effort examined manning of shipsin general and submarinesin particular. It chronicled the history of the
VIRGINIA Class SSN manpower requirements. The studies examined various methods for estimating the costs of manning
submarines, and indi cated that the payoffsfrom reducing existing manning levelsarenegligible. Only by incorporating the notion
of reduced manning into every aspect of the submarine’ sdesign will real savingsof manpower dollarsbeachieved. Later studies
involved a series of workshops that attempted to address technology issues associated with manning future submarines. The
principal finding wasthat the entire design philosophy and procedure must change radically in order to provide optima manning
for submarines of the future.

I nvestigation and I ntegration of Technical, Oper ational and Economic I ssuesAffecting

Navigation Channel Design and M aintenance
RESEARCHERS: Assistant Professor Jennifer K. Waters and A ssociate Professor Robert H. Mayer
SPONSOR: Ingtitute for Water Resources, U.S. Army Corpsof Engineers,
Summer intersessional period, 1998 and 1999.

The goal of the Ingtitute for Water Resources (IWR) work unit #33123: “Impacts of Navigation Trends on Channel
Usage and Design” isto improve the design and maintenance of navigation channelsin order to achieve economic efficiency,
reliability, and safety of shipping operations. Specifically, thestudy aimsto investigate how changes occurring in theinternational
shipping industry may impact the Army Corps of Engineers design and maintenance of its channels. The study is also
concerned with how navigation trends on channel usage may contribute to safety, piloting, and maintenance problems.

A critical element in thework unit isan updated review of both domestic and international practicesfor the design and
maintenance of navigation channels. Another critical element of thework unit isan investigation into how channelsare actualy
being maintained and utilized, after the design process has been completed. This part of the study must incorporate an analysis
of channel accident datawith specificsof vessel navigation and dredging operations. Thisisimportant sinceitiswell-recognized
that navigation channels are not necessarily maintained or utilized asthey were originally designed.

The god of this proposed work effort is to support IWR’s work unit #33123 through completion of related tasks. In
summary, the researchers propose to assist in identifying, investigating and integrating many of the technical, operational, and
economic issues affecting navigation channel usage, design, and maintenance. During the course of thiseffort, progress reports
in the form of semi-annual presentations and formal task summaries are provided to IWR. Also, ashort course that coversthe
sgnificant ocean engineering and naval architectural aspects of this study is under development.

Dur ability of Marine Composites
RESEARCHER: Assistant Professor Paul H. Miller
SPONSOR: American Bureau of Shipping, TPI, Maricomp

This project is part of the investigator’s doctoral research and focuses on the fatigue durability of fiberglass (e-glass/
polyester) marine composites. These material s have been commonly used to construct hulls, decks and superstructures of small
craft for thelast three decades. Recently the Navy and othershave constructed larger craft with these material sbut concernsexist
whether the methods devel oped to predict fatigue effects are accurate.

To validate these methods this project looks at standard coupon test results and compares them with proposed panel
test methods. The comparisonsinclude both physical and numericd (finite element analysis) methods. To accurately simulate
long-term exposure to the marine environment moisture effects are also tested. Additionally, the coupon and panel results are
compared to full-size vessdl tests. Results during the Jun 99-Jun 00 period included: continued moisture exposure, design and
construction of the compression and pandl test jigs, testing of tensile, shear, compression and flexural coupons, panel and fatigue
coupon testing, final development of the finite element models, on-the-water tests, and submission of the dissertation. Key
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results showed that a coupon/FEA program can predict stiffness reduction and that current Navy and ABS Guides may not
providesufficient material marginsfor longlife.

Characterization of theINWSSiteat Kirtland AFB

RESEARCHERS: Professor Martin E. Nelson, Associate Professor Mark J. Harper, and R. August (NRL)
SPONSOR: Nava Research Laboratory (NRL)

Thisproject involves performing site characteri zation at four formerly utilized sitesby the I nterservice Nuclear Weapons
School (INWS). The sites were contaminated with thorium, in order to provide training to DoD personnel who would then be
available to respond to a potential nuclear emergency. The project involves performing geophysical, chemical, as well as soil
sample collection and analysis at the four sites. Following sample collection, radionuclide analysis was performed by gamma
spectroscopy. In addition, the collected soil samples were sieved in order to determine if there is a higher concentration of the
contaminant in agiven particlesize. A chemica analyseswas also performed in order to determine if various non-radioactive
contaminantsare present, and henceif amixed waste problem existsat thesites. Theproject will continuethrough theupcoming
intersessiona period in order to develop recommendationsto Kirtland AFB personnel concerning potential future remediation
actionsthat may be required to properly restorethe sites. A final report wasissued in November, 1999.

Two presentations have been given at technical conferences on theresults obtained by the project. Thefirst conference
presentation, which was entitled “ Characterization of Thorium in Soil at the INWS,” was presented to the 1998 annual Health
Physics Society meeting in July, 1998 in Minneapolis, Minnesota. The second presentation, which wasentitled “ Environmental
Remediation Research,” was presented at the 1998 Symposium on Radiation Measurements and Applicationsin May, 1998 in
Ann Arbor, Michigan. A journal article entitled “Mixed Waste Characterization in Sail,” was published in Nuclear Instruments
and Methodsin Physics Research (Section A) in 1999.

Char acterization and Remediation of Thorium Contaminated Soilsat Sites
within Kirtland Air ForceBase

RESEARCHERS: Professor Martin E. Nelson and Associate Professor Mark J. Harper
SPONSOR: Naval Research Laboratory (NRL)

Eight sites at Kirtland Air Force Base (KAFB) were intentionally contaminated with Th-232 compounds in order to
provideredigtic training scenariosfor Defense Department personnel. 1nresponseto the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA), KAFB has initiated an Ingtallation Remediation Program (IRP) for complete
environmenta restoration. Before remediation can commence it is necessary to fully characterize the contaminated soil, with
particular emphasis on geophysical analysis and relationships between soil grain size and radionuclear content. Following this
analysis various remediation methods were proposed. Several publications were generated from this research, including the
report listed in attachment (2) here.

Advanced Conceptsfor Naval Nuclear Propulsion Plants
RESEARCHER: Associate Professor Mark J. Harper
SPONSOR: Knolls Atomic Power Laboratory (KAPL)

Research continued on an advanced energy ddivery system that is capable of supplying power for submersibles of
various sizes, from small unmanned vehicles to full-size submarines. Particular attention is paid to integration of advanced
propulsion schemes with the vision outlined by the Joint Chiefs of Staff (A Joint Vision 2010) and the Department of the Navy
(“Forward. . .From the Sea’) documents, as well as other high level guidance from the Defense Department, including that
specified in the Defense Science Board's special task force, “ The Future of the Submarine.”
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Composite Pressur e Vessdl Fabrication Technology Project
RESEARCHERS: Associate Professor Sarah E. Mouring, Associate Professor Oscar Barton, Jr.,
Professor Gabriel N. Karpouzian, and Associate Professor Michael Mackney
SPONSOR: Office of Naval Research (ONR)

The researchers at the Naval Academy are studying mechanical property characterization of coupon and structural
compositesaspart of the Composite Pressure Vessel Fabrication Technology Project TDL 99-04. The experimental study includes
an assessment of proposed experimental methodol ogy, specimen testing, and subsequent mechanical property characterization.
30 K-fiber tow coupon specimens, 30 structural composite tubes, and 30 additional coupon specimenswill betested. Some of
these specimenswill betested at elevated temperatures ranging between 300°F and 450°F. Mechanicdl testing of the 30 K-fiber
tow specimens started in the spring of 2000. Testing will continue through the summer of 2000.

Behavior of Composite JointsAdhesively Bonded Using an I nnovative Joining M ethod
RESEARCHER: Associate Professor Sarah E. Mouring
SPONSOR: National Science Foundation (NSF)

Adhesivestructural jointsareformed typically by applying abead of adhesiveto one surface of astructural part or panel
and placing asecond structural part or panel onto the adhesive bead, compressing it to cover al or most of thejoint surface. The
joint isthen secured usually by clamping until the adhesive has cured; this curing process can take many hours, often overnight.
Structural adhesive tape (similar to double-sided carpet tape) is aso used to make structural joints, however they are usually of
much lower strength than the adhesive joint described above. Adhesive tape also can be used to secure ajoint while aliquid
adhesive cures. The proposed method isadifferent combination of liquid adhesive/adhesive tape technology, involving the use
of adhesive tape to temporarily secure and to create achannel between structural partsto bejoined. Theliquid adhesiveisthen
pumped into the channel to form apermanent bond. Thisalowsmulti-part structuresto be“tacked” together quickly, checked for
accuracy, and then permanently bonded later by injecting the adhesive. The method diminates adhesive drips and spills,
provides amore consistent bond-line, and uses less adhesive (typically an expensive commodity). It aso significantly reduces
the amount of labor involved in bonding the parts. Thisresearch isto develop and evaluate this new joining method.

Theresearch planinvolves both experimental and analytical research. Aspart of the devel opment and evaluation of the
proposed joining method, analytical procedures are being developed to model several different joint configurations. These
modelsare being used to optimize joint designs. Experimental tests are being performed to validate the analytical models. Inthe
final year of the grant, anaytical and experimental research will be performed on the current joining method used in Civil
Engineering, and compared to the results of the proposed method. Also, guidelines on testing joints bonded using the new
method will be suggested. At thistime, three technical papers on the results of the research have been published and one paper
has been accepted for publication in the Fall of 2000.

Fiber Steeringfor Lightweight Affor dable Composite Structures
RESEARCHERS: Associate Professor Sarah E. Mouring, Associate Professor Oscar Barton, Jr.,
Professor Gabriel N. Karpouzian, and Associate Professor Michael Mackney
SPONSOR: Officeof Naval Research (ONR)

The objective of the program was to devel op an integrated design for manufacturing/fiber steering capability for fiber
placement that will achieve optimum structural efficiency while producing affordable primary aircraft structure. Technical support
was provided for several aspects of mechanica behavior and testing of composite structures containing non-unidirectional
fibers. The research effort was organized into two main focus groups; theoretical methods and experimental methods. The
theoreticd study included performing aliterature survey, investigating current models, and investigating current failure models.
Theexperimental study included an assessment of proposed experimental methodol ogy, coupon specimentesting, andinvestigating
empirically-based modeling. Testing was completed by the summer of 1999. At thistime, onetechnical paper ontheresultsof the
research has been published.
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Fiber Placed Inlet Duct Program
RESEARCHERS: Associate Professor Sarah E. Mouring, Associate Professor Oscar Barton, Jr.,
Professor Gabriel N. Karpouzian, and Associate Professor Michael Mackney
SPONSOR: Officeof Naval Research (ONR)

The study supported ongoing work in the Fiber Placed Inlet Duct Program. The researchers at the United States Naval
Academy provided technica support for several aspects of mechanical behavior and testing of composite structures. This support
isintended to lead to aknowledge base for the utilization of fiber placed sandwich composite structure for advanced aircraft.

Tegting for the Fiber Placed Inlet Duct Program included static compression and damagetesting of fiber placed sandwich
structure specimens and will address structural integration of this component. The Naval Academy participated in the test
program and was tasked with input and evaluation of the results of the mechanicd testing. Testing began in the Spring of 2000
and continued into the Summer of 2000. In the Summer of 1999, the researchers hosted aprogram review at USNA for over 20
participants from the Navy and industry.

I nvestigation of Charge Deposition in Microelectronics
RESEARCHERS: Professor Martin E. Nelson and LT Eugene Canfield, USN, Strategic Systems Programs
SPONSOR: Strategic Systems Programs (SSP)

One of the major concerns in strategic applications of microelectronic circuitry is radiation hardness. However, cost
concernsare driving strategic designersto consider commercia microelectronic systemsin order to take advantage of their low
cost. One area of research that today is not well understood is charge deposition within such devices as afunction of incident
neutron energy and reactions within the microchip substrate material. In this project charge deposition in transistor deviceswill
be studied when irradiated with 14 MeV neutrons using the USNA neutron generator. The project will attempt to model the
radiation transport with the devices using 3D radiation transport codes(i.e., MCNP) and charge particle energy deposition models
(i.e, TRIM), themode predictionsfor microel ectronic simulation model sbeing devel oped by Vanderbilt University. Theresults
of thisresearch will serve asthebasis of the doctoral dissertation of LT. Canfield, whoisadoctora candidate at the University of
Maryland.

Concept Assessment of a Diver Heater Using Hydrogen Catalytic Reactions
RESEARCHER: Professor M. L. Nuckols
SPONSOR: Office of Naval Research (ONR)

The hydrogen catalytic heater has already been shown to be an effective apparatus to warm and humidify diver’'s
inspired gasesin open-circuit, demand SCUBA systemswith asmall catalyst bed placed between the 1% and 2™ stageregulators,
and in semi-closed circuit systemswith the catalyst bed placed in the breathing circuit just upstream of themask or helmet. This
investigation will show the heating capacity that can be obtai ned from thismethod for whol e body thermal protection. Preliminary
analysis suggests that this technique can greatly minimize the power and space requirements that must be dedicated to diver
thermal protectionin an SDV. Additionaly, the hydrogen catalytic heater testing to date suggests that:

- Heating capacity can be easily controlled with asimple mechanical metering vave for the hydrogen.

- Hydrogen catalytic heater does not require an active heating source.

- It continues to provide supplemental heating aslong as hydrogen is present in the gas mixture.

- Provides water vapor as a byproduct of the reaction to help humidify breathing gases.

- Can control inspired gas temperatures almost instantaneously by simply adjusting the percentage of hydrogen
passing through the catalyst bed.

- Can be used aseither aprimary heating source or asan emergency backup heating sourcewhich can beinitiated when
malfunction of the primary heating source occurs.

- Can be easily adaptable to either open, closed, or semi-closed circuits.

Heater cost is anticipated to be afraction of the cost of batteries used in ectrica resistive heating systems.




58 Naval Architecture, Marine and Ocean Engineering Department

Passively-Controlled Semi-Closed/Closed Rebreather
RESEARCHER: Professor M. L. Nuckols
SPONSOR: Office of Naval Research (ONR)

Theobjective of thiseffort isto optimize the design of arespiratory-coupled circuit using current predictive models, and
verify that a safe dternative to the traditional constant mass injection circuit design is feasible. In so doing, this respiratory-
coupled designwill providediverswith stable, and predictablecircuit oxygen levelsacrosstheir full range of activity levels. One
anticipated application of this technology would be Naval Speciad Warfare personnel deployed from the Advanced SEAL
Ddivery System (ASDS). Thedesired lockout depth fromthe ASDSwill probably be degper than can be supported with cl osed-
circuit, pure oxygen rebreathers such asthe LAR V. Although the MK 16 mixed-gas closed-circuit rebreather could support the
depthsrequired for ASDS diving operations, itssize and complexity would makeitsuse unpopular. A passively-controlled semi-
closed rebreather, which can be switched to closed-circuit mode, could satisfy the full range of the ASDS mission without the
complexity and cost of the MK 16. The simple respiration-coupled gas supply feature of this design would give the diver a
predictable oxygen level in hiscircuit which would minimizethe determination of oxygen dosagelevelsand any decompression
obligations. The expected payoff from optimizing this respiratory-coupled injection system is a greatly reduced variation in
oxygen partia pressureswithin the breathing circuit. Itisanticipated that adiver will beableto control hisoxygen partial pressure
withinavery narrow range, without the necessity for expensive, and complex, oxygen monitoring and control systemsnecessary
in mixed-gas, closed-circuit rebreathers. An additional important feature, due to the simple, demand gas make-up mechanism
proposed inthisdesign, it isanticipated that adiver will have the option to switch this semi-closed rebreather to aclosed circuit
mode, in water, during different phases of the dive mission.

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 research is to provide a Maintenance Engineering Laboratory at the U.S. Naval Academy for
instruction of the Midshipmen in modern maintenance engineering concepts. The objectives of thisresearch are:

1 Todevelopingtructiona capabilitiesin maintenance engineering.
2 Tointroduce RCM, Reliahility Centered Maintenance, to Naval Officers.
3. To conduct long range planning for introducing mai ntenance engineering into the curriculum.

The Maintenance Engineering Laboratory portion of the Diesel Engine-Room Laboratory was upgraded to MCAS,
Machinery Condition Assessment System, from the DEMA, Diesel Engine Monitoring and Analysis System several years ago
andiscurrently being upgraded to ICAS, the Integrated Condition Assessment System. Upgrading to |CASwill bring the Naval
Academy Maintenance Engineering L aboratory up totheleve of Diesel Engine Monitoring and Analysisfoundinthefleet. The
ICAS components and hardware include acomputer that has been placed in the budget and ICA S software that will be added as
an upgrade when the computer upgrade arrives. The system has an OPTO22 e ectronic data acquisition devices for dow speed
A/D conversion at 1Hz and an IDAX100 high speed data logger and an A/D converter operating at 50kHz for vibrations and
cylinder firing pressures analyses. Recent upgrades alow operation of the DEMA System on the GM 3-71 Diesdl Engine/
Generator Set using a Personal Computer. The IDAX 100 computer that controls data acquisition, monitors darm conditions,
makes|og sheets, maintai nstrend analysesand offers some expert system capability hasaunique operating system. Thenew PC
Interface has made adramatic improvement inthe quality of theinstruction being given the midshipmen in modern maintenance
concepts. The Diesdl engine has been modified to alow measurement of cylinder firing pressures. Also, a probe to alow
vibrationsanalysisor the engineand nearby equipment has been added to thebasic 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. A dide presentation was added to instruct the midshipmen in modern maintenance concepts such as
Reliability Centered Maintenance and Condition Based Maintenance. The Maintenance Engineering Laboratory is used by dll
non-engineering studentsand al Marine, Ocean and Naval Architecture Engineering studentsat theNaval Academy. Duringthe
past ten years, approximately nine thousand new naval officers or future naval officers have been introduced to the concepts of
modern maintenance practicesinthisU.S. Naval Academy, Maintenance Engineering Laboratory.
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Computer Based Ther modynamics|nstruction
RESEARCHERS: Professor Chih Wu (Mechanical Engineering Department) and
Associate Professor Kenneth L. Tuttle (Naval Architecture, Ocean and Marine Engineering Department)
SPONSOR: Officeof Naval Research (ONR)

Theresearchersare devel oping acourse and producing amanuscript on how to teach thermodynamics using computer
based ingtruction for cycle analysis. Thermodynamic cycle analysis would be the main thrust of the course. The software
package that fitsthis objective and isbeing used is CyclePad. This softwareis sophisticated and interactive. The studentswill
be able to construct models of complex heat engines and power plants and other energy systems. The analysis capability of the
software will alow them to then analyze those systems for capacity and efficiency. The graphics capability of the software
produces plots of experimental dataand sensitivity analyses. Itisachallengefor instructorsto find the most effective method to
teach and for authorsto write the best manuscript for current technology. Classical thermodynamicsisarelatively stable subject
and few fundamental changes of presentation are proposed. However, this course is a software oriented one. Property table
searches and anayses of systems are done on acomputer. It will be the first fully immersed computer software manuscript and
course of itskind in teaching and in learning thermodynamics.

Environmental Text
RESEARCHER: Associate Professor Kenneth L. Tuttle
SPONSORS: Society of Naval Architectsand Marine Engineers (SNAME)
and Society of Naval Engineers

TheEnvironmenta Pand of SNAME inajoint effort with the Environmenta Engineering Committee of ASNE, iswriting
aReference Text: The Principles of Environmental Design and Operation of Ships. Planning of thetext has progressed and three
additional membershave been appointed to the Environmenta Pandl. Thetext will beacomprehensivereview of the environmental
problems recognized to exist aboard ships as well as the technology available to treat those environmental problems and the
regulations pertaining to marine pollution. Theeffort wasextended to include participation by the ASNE Environmental Division
to help plan the text, to increase the pool of authors and to increase the justification for such atext.

Impactsof Navigation Trendson Channel Usageand Design
RESEARCHERS: Assistant Professor Jennifer K. Waters, Professor David L. Kriebel
and Associate Professor Robert H. Mayer
SPONSORS: Institute for Water Resources (IWR) / Army Corps of Engineers

The goal of this ongoing research study isto improve the design and maintenance of navigation channelsin order to
achieve economic efficiency, reliability, and safety of shipping operations. Specifically, the study aims to investigate how
changesoccurring intheinternationa shippingindustry may impact the Army Corpsof Engineers design and maintenance of its
channels. The study is aso concerned with how navigation trends on channel usage may contribute to safety, piloting, and
maintenance problems.

A critical element inthework unit isan updated review of both domestic and international practicesfor the design and
maintenance of navigation channels. Existing design practices used within the Corps of Engineersare summarized inthe Engineer
Manua (EM) 1110-2-1613 published in 1983. Given therapidly changing vessel characteristicsof theinternationa shippingflet,
an update of the Corps’ design practices may be warranted to ensure U.S. competitivenessin theinternational shipping industry
into the next century. A key first-step in updating these practicesis to compl ete an extensive review of current and future vessel
design trends in conjunction with advances in navigation channel design during the past 15 years in both the U.S. and abroad.

Another critical lement of thework unitisaninvestigation into how channelsare actually being maintained and utilized,
after the design process has been completed. This part of the study must incorporate an analysis of channel accident data, with
specifics of vessel navigation and dredging operations. This effort is important since it is well-recognized that navigation
channelsare not necessarily maintained or utilized asthey were originally designed.

Thisresearch effort is nearing its conclusion, with completion of the project expected at the end of FY 2000.
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Transport and Transfor mation of Navy Relevant Toxic Pollutants

in Near shore M arine Sediments
RESEARCHERS: R. Mehta, M. Misra, J. Seiber, University of Nevada-Reno,
and Assistant Professor Jennifer K. Waters
SPONSOR: Officeof Naval Research (ONR)

The harbor areas used by the Naval operations are considered to be extreme environments because of the dynamics of
flow, resuspension of sediments and the extreme solution chemistry imposed by salt water. Interplay of these conditions control
the co-adsorption of organic & inorganic pollutants onto the sediments. Theresultant inorganic and organometallic compounds
and the microencapsul ation of sediment/metal/organic create aperpetual problem for remediation and natural attenuation of toxic
pollutants.

In order to develop an effectivein-situ or ex-situ strategy, it is necessary to understand the mechanisms of adsorption,
speciation and transformation of pollutants in the harbor environments. In addition, the sediment resuspension, transport and
dispersal of pollutants also need to be investigated. A fundamenta study of these processes will provide insight into natural
attenuation, remediation, monitoring, and risk assessment of the marine sediments. On the basis of this information, a cost-
effective and compliance-based remediation strategy can be devel oped.

Itisproposed to study the co-adsorption/desorption of heavy metals(Cu, Zn, Cr, Cd, Pb and Hg) onto sedimentsinthe
presence and absence of organic compounds (PAH and PCB's), in both stagnant and stirred conditions simulating the sediment
environment. The growth kineticsand dispersivetransport of microencapsul ated metal-organi c-sediment product will be studied
inthe water column under dynamic conditions.

The proposed objectivewill beachieved by conducting aseriesof six sequential tasks: 1) Perform microenvironmental
characterization of thethreereal sedimentsprocured from thethreebroad naval contamination areasnamely, dredged site, leaking
underground storage site and in-situ remediation site which will help establish base line conditions of the physical, chemica and
biologica parametersof each of these environments; 2) Perform floccul ation, deposition and resuspension studies; 3) Understand
adsorption/desorption mechanisms of heavy metals in a smulated base-line sediment environment; 4) Understand binding
mechanisms of organic pollutantsin asimulated base-line sediment environment; 5) Devel op partitioning mechanisms of Navy
relevant pollutants in a simulated base-line sediment environment, and finally; 6) Develop dynamic metal partitioning and
trangport models and verify the predictions by performing experiments in a settling column. The research will involve the
experimentd use of many of thestate-of-the- art andyticd techniquessuchasAFM, EXAFS, XRD, SEM, FI'IRand GCinaddition
to modeling and computational work.

Generation and Char acterization of Water WavesCreated by Vessels

Movingin Shallow, Inter mediateand Deep Water
RESEARCHERS: Mr. William Seelig, Ms. Louise Wallendorf, Mr. John Zseleczky
and Assistant Professor Jennifer K. Waters
SPONSORS: Nava Facilities Engineering Services Center (NFESC)

The generation and characterization of surface waves generated by vessels moving in shalow, intermediate and deep
water istill not very well understood. Thisresearch project, still under basic devel opment and scope adjustment, intendsto gain
further insight into this phenomenon through analysis of existing experimenta model-scale and full-scale data aong with
additional scaled model test data. Correlation of the physical resultswith numerical hydrodynamic modelswas a so undertaken.

Marine GRP Sandwich Panel I n-Planeand Out-of-Plane Testing
RESEARCHER: Professor Gregory J. White
SPONSOR: The JohnsHopkins University Applied Physics Laboratory (APL)

Thisproject continued work begunin 1997 on the strength of various configurations of composite panelsunder inplane
and latera loads. During the period of thisreport, four 4-ft and el even 6-ft panelsweretested to destruction. The 6-ft panel tests
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included five ba sa-cored panel sand two foam-cored panel stested under inplaneloadsonly. Six of the 6-ft panel sweretested first
under lateral pressuresupto 16 psi and then under aconstant lateral pressure of 5 psi with inplane load applied until destruction.
Thefour 4-ft panel testswere for foam-cored panel s a so experiencing combined inplane and lateral |oads.

Thestrain recordsfrom the up to 21 installed gages and defl ection measurementsfrom 7 locationswere recorded a ong
withthe appliedload. Anaysisof thedatawith plotted resultswere provided along with the datafiles. Each test report included
still photographs and in some cases digital video photography. A fina test report summary was delivered to JHU/APL in
December of 1999.

| ndependent Resear ch

Combustion of Shipboard Solid Wastes
RESEARCHER: Associate Professor Kenneth L. Tuttle

Thisareaof researchisthe onein which the author hasthe 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 Sciencesand theNational Academy of Engineering. Thisresearch hasbeeninvestigating the possibility of incineration
to destroy shipboard trash rather than dumping at sea. Thereisworld-wide support for burning to destroy shipboard combustible
wastes. Most of the combustible solid wastes generated on navy ships are on ships having incineratorsthat are being used. The
questionsare how to usetheincineratorseffectively and how toimproveincinerator designto makeit compatiblewith shipboard
useaswdl asemissionsregulations. The author has published data on the emissions from the combustion of solid waste fuels.
The data are based on a statistically designed, fractional factoria experiment that includes seven independent variables and
seven dependent variables. The experiment includes both unsteady state experiments as well as steady state experiments. A
paper was presented to and published in the Proceedings of The Thirteenth International Conference on Solid Waste Technol ogy
and Management. A second paper was presented to the 14" Conference in 1998 and submitted to the Journal of Solid Wastes.
The author has several prior publications and one US Patent on the subject of solid fuels, combustion and gasification of solid
fuels and combustion generated emissions and helped innovate wood gasification, pulverized wood combustion and
environmentally sound wood fired boiler combustion. Wood or biomass is still the predominant fuel used in the world by
individuals and homes.

Pollution from Ship Stack Emissions
RESEARCHER: 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 nationaly or internationally. Written input has been submitted to the EPA in attempt to convincethe U.S. not to
regulate ship exhaust emissions and especially not navy ships as they burn low sulfur fud aready and most have engines that
produce low oxides of nitrogen. Results of this research have been presented to SNAME, the Society of Naval Architects and
Marine Engineers. One paper isincluded in abook titled, “ Ship Design and Operation in Harmony with the Environment,” a
SNAME Publication. A second paper hasbeen published inthe Proceedings of the Maritime Environmental Symposium 95 by the
American Society of Naval Engineers, ASNE. A paper was presented at the SNAME Annual Conferencethat will be published
inthe1998 SNAME Transactions. Thispaper istheresult of ajoint effort that has been devel oped between SNAME and ASNE.
A fourth paper has been published in the Proceedings, Marine Environmental Stewardship for the 21% Century, October 1999.
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Resear ch Cour se Proj ects

Analysisof a Capillary Pumped L oop System
RESEARCHER: Midshipman 2/C Richard C. Herron, USN (Trident Scholar Project in 2001)
ADVISERS: Associate Professor Martin R. Cerzaand Associate Professor Mark J. Harper
SPONSOR: Department of Energy (DOE)

The purpose of thisresearchisto study thefeasibility of utilizing acapillary pumped loop (CPL) system asthe cold heat
sink for an energy conversion system. A capillary pumped loop energy transfer systemissimilar to aheat pipe system. Themajor
differenceisthat the CPL system consists of separate evaporator and condenser devices. The CPL evaporator employs capillary
forces which are surface tensile forces across gas/liquid surfaces of curvature in the evaporator wick. These capillary forces
provide the pumping head when hest is input to the evaporator, to drive an evaporation-condensation energy transfer scheme
much like aheat pipe.

The project involvement will beto design acapillary pump loop evaporator capable of providing 2.6 W/cm? of thermal
dissipation from an advanced energy conversion scheme. Other project requirements are to study the effect of CPL evaporator
angle of inclination, heat input and cold side sink temperature on the CPL system performance.

Applicationsof GISin Coastal Engineering
RESEARCHER: Midshipman 1/C Janice Geldmacher, USN
ADVISER: Professor David L. Kriebel

Thegoa sof thisproject wereto devel op aworking knowledge of Geographical Information Systems(GIS) and to apply
aGlSsysteminthestudy of shoreline erosion on the Severn River. Geographical |nformation Systemsare software packagesthat
permit digital manipul ation of any map-oriented information. A key featureof Gl Sisthat mapinformation can bedefinedin Alayers
sothat each map layer depictsadifferent set of information. Theselayerscan then bedisplayed individualy or in any combination.
Inthisproject, digital shorelinemapsof the Severn River were obtained from the Maryland Geologica Survey (MGS) going back
to 1847. In addition, the MGS supplied adigital aerial photograph of the Severn River from 1989. The research effort involved
creation of adigital shoreline map showing the 1989 shorelineand comparison of the 1989 shorelineto other historical shoreline
maps. From thisbasic GI S data, several sections of the Severn River shordline near Round Bay were selected for more detailed
analysis. Shordine erosion rates and eroded areas were calcul ated from the shoreline maps and areas of relative stability, aswell
asareasof rapid erosion, wereidentified. Resultsof thisproject will beincluded in EN420 Coastal Engineering next fall.

Redesign of Navy 44 K eel
RESEARCHER: Midshipman 1/C Aaron DeMeyer, USN
ADVISER: Assistant Professor Paul H. Miller

This EN496 project focused on the detailed design of anew ked to beincluded in the design of the new Navy 44 sall
training vessel. The current keel was designed using practices common in the 1970's. These favored a high center of gravity,
NACA 0012 section and trapezoida planform. Theresult wasavessel withalimit of positive stability of 126 degrees, whichisonly
dightly above that recommended for offshore sailing.

The project had asdesign criteriathe desireto: improverighting moment, increase capsize resistance (through ahigher
mass moment of inertia), increase roll damping, maintain grounding toughnessand lower drag. Theresearchincluded reviewing
section lift and drag data, developing stability spreadsheets and analyzing various keel configurations. The fina structural
analysiswas performed in accordance with ABS guidelines.

The resulting kedl used a J5012 section, ranging from 12-16%, and a bulb. All the design criteriawere met. Righting
moment increased 10%, mass moment of inertiaincreased 20% and keel drag decreased 10%.
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Redesign of Navy 44 Hull Laminate
RESEARCHER: Midshipman 2/C Mark Arvidson, USN
ADVISER: Assistant Professor Paul Miller
SPONSOR: Composites One, Inc. (amaterial distributor)
has arranged donations of material from resin, core and fiber manufacturers

This EN494 project addressed the laminate design used in the Navy 44 sail training vessal. The current vessel used
compositetechnology commoninthelate 1970's. The resulting laminate used knitted fabrics combined with random chopped mat
invinyl ester resin. Feedback fromthe Naval Station indicated adesirefor amore durableand easier to repair laminate. Feedback
fromthe sailorsindicated adesirefor alighter weight laminate.

Input from vendors and boatbuil ders was combined with laminate analysisusing classical lamination theory to predict
more efficient laminates for the next set of vessels. Toughened vinyl ester and epoxy resins were studied along with Airex,
CoreCell and Divinycell cores. New laminate stacking sequences and materialswere also considered. Theseled to three proposed
laminates; one matching the weight of the current laminate but having substantially higher toughness, one having an equa
toughness but substantially reduced weight, and a compromise laminate that had an estimated 30% improvement in toughness
and 25% reduced weight.

The proposed laminateswere specified and atest matrix devel oped. Material donationswere obtained and the shop will
make the panelsin May and June. Thetesting will be performed during an internshipin July.

Feasibility of Teaming Radioisotope Decay
and Thermoelectricsin an Unmanned Under sea Vehicle (UUV)
RESEARCHER: Midshipman 1/C Danid Hoffman, USN
ADVISER: Associate Professor Mark J. Harper
EN495 Project (Fall 1999 Semester)

This project devel oped abackground on Unmanned Undersea Vehicles (UUV's), determined rough power capabilities
from a theoretica design, and addressed future problems that need to be evaluated and overcome. Using theoretical and
simplified geometry, aval ue of 6 cm was determined asthe maximum thickness of theradi oi sotope ableto be supported by the heat
transfer mechanism without exceeding the melting point of thefuel (Thaium). Using the above maximum thickness (and realistic
sizelimitations), power valuesin excess of 14 HP aretheoretically possible. The conclusions drawn in thisproject lay astrong
foundation for futurework in the design and opti mization of a Radli oi sotope/ Thermoel ectric powered UUV.

Thermoluminiscent Dosimeter | nvestigationsUsing TheM cnp Computer Code
RESEARCHER: Midshipman 1/C TravisW. Haire, USN
ADVISER: Professor Martin E. Nelson
SPONSOR: Nava Dosimetry Center

Thisresearch (EN495 and EN496 projects) investigated the modeling of acopper-doped LiF TLD based onthe MCNP
computer code.  The purpose of this research was to develop an intrinsic efficiency (i.e. light output per measured dose
equivalent) whenthe TLD inthe USNavy’s8825 card holder is exposed to photonswith energy lessthan 150 KeV. Intheresearch
the four photon beams were studied (i.e. H150, M 150, M 100, and M60). Additionaly, the project also analyzed the effect of
photon spectraintheLiF chipsbehind each of thefour filtersusedin the 8825 card holder. Themethod of investigation wasto use
MCNP to calculate the energy absorbed per particle aswell asthe air kerma per particle and then to combine these resultswith
experimenta data supplied on the light output per unit dose by the Naval Dosimetry center The results showed that theintrinsic
efficiency isafunction of the photon beam aswell asthefilter.

A research report has been written detailing the results of the project. A conference presentation will be given at the
Annua Health Physics Society meeting in Denver, Colorado in June, 2000. This summer further investigations on the copper
doped LiF TLD will be conducted by three midshipmen serving asinternsat the NDC.
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Drag Testing and Evaluation of aCommer cially Available Diver Propulsion Vehicle
RESEARCHER: Midshipman 1/C Jeremy Gates, USN
ADVISER: Professor M. L. Nuckols

Hydrodynamic drag characteristicsof acommercialy availablediver propulsionvehicle (DPV) were determined during
simulated Navy SEAL missions. Drag datawasanalyzed to determinethemaximum limitsof thevehicleintermsof itsbattery life.

Development of a Semi-empirical Model For SEUsin M odern Drams
RESEARCHER: Midshipman 1/C Justin A. Sarlese, USN (Trident Scholar 2001)
ADVISER: Professor Martin E. Nelson

Inthis project amodel wasdevel oped to characterize single event upsets (SEUS) in commercia-off the shelf (COTS) 64
Mb Dynamic Random AccessMemory devices (DRAMS) produced by cosmic raysentering the earth’satmosphere. The project
devel oped anew and improved model, which is based on particle energy, particle flux, and SEU cross section datataken froma
wide-range of experiments. The study also investigated nuclear reactions, chip characteristics, and particle environmentswhich
affected DRAM’s SEU rate. Themodel al so calculated the soft error ratesfor six COTS 64 Mb at various altitudes, latitudes, and
longitudes around the world. The resultsindicated that soft error rates for aDRAM could vary by afactor of nearly 100,000
depending on particle location and vendor.

Research was presented at the HEART Conferencein Anaheim, Californiain March, 2000. A paper waspublishedinthe
conference proceedings. The paper has a so been nominated for the best paper inthe conference. Asaresult of thisnomination,
amore detailed paper on the research has been submitted for publication in the Journal of Radiation Effects. A Trident Scholar
research report was also issued.

Development of aM CNP Model for the Neutr on Response of a Special Area Monitor
RESEARCHER: EnsignMark C. Parrella, USN
(1999 graduate of United States Naval Academy;
V GEP program at University of Maryland, Masters degree granted in May, 2000)
ADVISER: Professor Martin E. Nelson
SPONSOR: Nava Dosimetry Center

A detailed MCNP model for the neutron response of aUS Navy specid areamonitor (SAM) has been developed. The
model incorporated thefollowing important features: (1) two centrally located LiF TLD cards, (2) polyethylene cylinder with an
attached borated silicon based liner inside which the TLDs were placed, and (3) air spaces and aluminum wall of the SAM.
Additionaly, each of thefour chipswhich composethe TL D weremodel ed in order to make better comparisonswith experimental
data. Inmakingthe M CNP calculations, both neutron and photon transport were considered by use of superposition. TheMCNP
model predictionswerevalidated with experimental datacollected usingamoderated Cf-252 sourceat NIST. To make comparisons
withtheMCNPruns, the TLD cardswereread at the Nava Dosimetry center and ratio of chip responsesweredeveloped. Similarly
chip responseratioswere devel oped from MCNR, which replicated the experimenta conditions. Within experimental and MCNP
statistical errors, the expected response was obtained for each chip’s gamma and neutron response. The MCNP model showed
that the SAM’saluminumwall had littleeffect onthe TLD, but that the boron liner was quiteimportant in determining the SAM’s
neutron sensitivity.

Thisproject hasresultedinaMaster’ s paper being devel oped at the University of Maryland and aconference presentation
to be given at the Health Physics Society Annual meeting in June, 2000.
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Resistance Prediction for Unconventional Planing Hulls
RESEARCHER: Midshipman 1/C Jason R. Morrison, USN
ADVISER: Professor Bruce C. Nehrling

This project involved developing a revision to the Savitsky agorithm for predicting the resistance and trim of
unconventional planing hulls. The algorithm was originally developed as a means of predicting the performance of constant
deadrise, hard chine planing hulls. The algorithm needed to be changed so that it would make accurate predictionsfor “inverted
W’ hull shapes.

The beginning of the semester was spent learning the fundamentals of planing boat performance and coming to
understand the details of the Savitsky agorithm. A model hull was selected and tested which fit within the limitations of the
Savitsky agorithmin the 380 ft tow tank and the datawas used for comparison later in the semester when the hull was modified
and the Savitsky algorithm began to be changed.

After testing the original hull, modificationsto the hull were designed which effectively transformed it fromahard chine,
constant deadrise hull into one with an “inverted W” shape. The modifications essentially amounted to wedges running
longitudinally beneath the chines of the origina hull. Two sets of these wedges were designed but only one was tested this
semester. Oncethewedgeswere built by the M odel Shop, the hull with thewedgeswastested inthe 380 ft tank. At the sametime,
thefirgt iteration of amodified Savitsky algorithm was proposed to predict the resistance and trim of the modified hull.

The semester concluded with the proposal of the second iteration of the modified Savitsky agorithm and the final test
of themodified hull was conducted in the 380 ft tow tank. The predictions made by the modified algorithm agreed favorably with
the results of the last test.

Performance Prediction for Unconventional PlaningHulls
RESEARCHER: Midshipman 1/C Jason R. Morrison, USN
ADVISER: Professor BruceC. Nehrling

This project involved developing a revision to the Savitsky agorithm for predicting the resistance and trim of
unconventional planing hulls. The algorithm was originally developed as a means of predicting the performance of constant
deadrise, hard chine planing hulls. The plan wasto change the algorithm so that it would make accurate predictionsfor inverted-
W hull shapes. The work this semester built upon similar research that was conducted in the first semester.

Constant deadrise, hard chine planing hull, and three systematic modifications of that hull designed to mimic various
inverted-W hull shapes were tested in the 380 foot tow tank. The goals during the tests were to quantitatively and qualitatively
determine how the extent of the inverted-W shape affected the performance of the hull.

During the middle of the semester, the data and observations from the tank tests were utilized in order to develop a
modified Savitsky algorithm. The modified algorithm adjusted the inputs to the original Savitsky agorithm - along with the
associated cd culations- in order to makeimproved drag and trim predictionsfor inverted-W hull shapes. Some of themodifications
were exact where asotherswere empirically-based.

Thesemester was concluded by completing theanal ys sof the dataand finalizing the modified gorithm. Theeffectiveness
of the modified algorithm was then assessed and problem areaswereidentified. Finaly, the work was synthesized into a paper
which explained the reasoning and methods for creating a modified Savitsky algorithm. The final paper was presented to the
Chesapeake Section of the Society of Naval Architectsand Marine Engineerson April 19, 2000.
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Technical Reports

August, R., G. Phillips, M.J. HARPER, Associate Professor, M.E. NEL SON, Professor, S. Gann, Y. McClellan,and L. Fordley,
Installation Restoration Program, Kirtland Air Force Base, Albuquerque, New Mexico, 30 Nov 1999.

This report has been prepared for the United States Air Force by the Radiation Detection Section of the U.S. Naval
Research Laboratory in collaboration with the United States Naval Academy for the purpose of aiding in the
implementation of afinal remedial action plan under the Air Force I nstall ation Restoration Program (IRP). Thereport for
Site OT-10, Defense Nuclear Weapons School Training Sites TS5-TS8 (OT-10), summarizesthefindingsof samplings
conducted at four Defense Nuclear School Sites listed on the IRP. These four sites are currently inactive. The study
investigatesthe presence and extent of radiological and chemical contamination above background levelsat these sites.
Additional measuresto be completed as part of aCorrective Measures Study (CMS) and Design (CMD) areidentified.

HARPER, M.J., Associate Professor, “ Implications of Submarine Manning: Considering | ssues Related to Optimizing Manpower
and Integrating Advanced Technology for Submarinesinthe Year 2090,” prepared for theNava Sea Systems Command, Submarine
Advanced Development Division (SEA 05U), February 2000.

Thisreport chroniclestheefforts of nearly two dozen people, working inthefal of 1999, to address submarine manning
issues. Organized by the Submarine Advanced Development Division of thaNaval Sea Systems Command as part of
their commitment to provideinnovative sol utionsto design challenges, four workshopswere conducted. During these
sessions outside experts presented briefings, current submarine paradigms were discussed, novel submarine manning
schemes were proposed, and general philosophies of ship manning were examined. The principa finding of these
proceedings was that technology capabilities and design philosophy must changeradically in order to provide optimal
manning of submarinesinthefuture. If thereareabout 134 men assigned to U.S. submarinesin the year 2090, then we
have failed in our mandate to provide the best warfighting platforms for the security of our nation.

HARPER, M.J., Associate Professor, “ Reduced Manning in Submarines,” prepared for theNava SurfaceWarfare Center, Carderock
Division, Contract Number N00167-95-D-0128, Delivery Order 0011, June 1999.

The March 1998 Department of Defense Technology Area Review and Assessment (TARA) for DDR& E suggested
therewas alack of focus on submarine affordability, including acquisition and support costs. The TARA specifically
menti oned manning reduction as aprospect for cost reductions. Thisreport examines manning of shipsin general and
submarinesin particular. It chroniclesthehistory of the VIRGINIA Class SSN manpower requirements. Variousmethods
for estimating the costs of manpower are presented, and thetotal savings effected by liminating asubmarinebillet are
computed using VIRGINIA asabenchmark. Thepayoff isvirtualy negligibleand doesnot justify extraordinary efforts
to reduce manning levels on currently built or designed submarines. Reducing the overhead associated with shore
support of the submarine, by improving intermediate level maintenance and by outsourcing indirect support, might
cause significant payoffs. This study concludes that the best time to reduce manning isin the early concept phase of
asubmarine's design process, when the synergistic effects of interactive design can be captured.

MAYER, R.H., Associate Professor, WATERS, JK ., Assistant Professor and KRIEBEL, D.L.., Professor, “Design & Maintenance
of Deep-Draft Navigation Channels. An Overview of Current Practice with an Annotated Bibliography,” Institute for Water
Resources, U.S. Army Corpsof Engineers, Alexandria, VA.

Giventheincreasing size and speed of shipsintheworld fleet and related changesin port and channel usage, the Corps
Institute of Water Resources (IWR) hasinitiated astudy entitled “ Impacts of Navigation Trendson Channd Usage and
Design.” Itsprincipd goal istoimprovethedesign and maintenance of navigation channelsin order to sustain effective
channel navigation and port operationswell into thenext century. A critical element of thisstudy will be an assessment
of how Corps’ deep-draft channel design and maintenance guidance compares with other domestic and international
policiesand practices. Thisassessment will servetoidentify areasfor further research and for recommending changes
in Corps policies and procedures.




Naval Architecture, Marine and Ocean Engineering Department 67

Prior toinitiating the assessment, the authorswere asked to review current practicesused domestically and internationally
to design and maintain deep-draft navigation channels. Technical publications and the policy guidance of numerous
government, professional, and other U.S. and international maritime organizations were identified. A bibliography
containing over 200 of the references was gathered and captured in adatabasethat isdiscussed in Part |V of thisreport.
Contents of the bibliography are reproduced in the Appendix.

Whereas this document, with its annotated bibliography, provides an overview of current deep-draft channel design
and mai ntenance policiesworld-wide, afollow-on study isunderway to compare Corps policy and procedura guidance
with the policies and practices of other U.S. and international maritime organizations. A second report that details
results of the assessment will be forthcoming.

Publications

BARTON, O., Associate Professor, M. MACKNEY, Associate Professor, SE. MOURING, Associate Professor, G. N. KARPOUZIAN,
Professor, “The Longitudina and Transverse Properties of Fiber-Steered Composites,” 14" Technical Proceedings of the
American Society of Composites, Fairborn, OH, September 1999, 587-596.

In this paper, results are reported for the mechanical properties of test coupons that have been manufactured using
steered fibers. The motivation of the research isto assess the effect of fiber curvature on mechanical properties. The
properties under investigation include longitudinal tension and compression response, transverse tension and
compression response, and both the longitudinal and transverse compressive strengths.  To accomplish this effort,
twelve composite panel swerefabricated using aproductionsfiber placement machine. Fiber placement isthetechnol ogy
that uses composite materials in the form of tape to be placed in any desired path thus maximizing the utility of the
material. Thetape, called tows, canvary inwidthfrom0.125int00.182in. Each panel isconstructed using an IM7/977-
3compositesystemintheform of 10.7 mil dit tapewhichisstacked either ina4 or 8 ply unidirectional lay-up. For these
tests, thefiber placement occurred along pathswithradii varying from 18into 45in. Thisgenerated test specimenswith
20 in, 30inand 40 in radii. Specimenstested included a set of baseline coupons with straight fibers. To adequately
assess the effect of fiber curvature on the mechanical properties, groups of specimens were tested with each group
consisting of 5 specimens. All tests were conducted according to ASTM standards.

DAWSON, T.H., Professor, “ Group Structure of High Wavesin Heavy Seas,” Proceedings of ASME Offshore Mechanics and
Arctic Engineering Conference, New Orleans, Vol 1, pp 1-6, February 2000.

Group structure of high wavesin heavy seas and its variations with wave height and wave bresking are investigated
using laboratory measurements of severe Jonswap seas. Results for both non-breaking and breaking seas show
appreciable structure for waveswith hei ghts exceeding 60% of the significant wave height, but decreasing structurefor
increasingly higher threshold levels. In addition, no structure is found for a non-breaking sea when threshold levels
exceed 160% of the significant wave height and noneisfound for breaking seaswhen threshold level sexceed 140% of
the significant wave height.

DAWSON, T.H., Professor, “Markov Theory for Runsof HighWaves,” Proceedingsof I nternational Offshoreand Polar Engineering
Conference, Vol 3, pp 20-24, Seattle, May 2000.

The application of Markov theory to runs of high wavesis examined using extensive computer simulations of random
Jonswap 3.3 seas. Results show direct application when account istaken of the variation of the Markov coefficient with
threshold level defining high waves. The variation is shown to be consistent with theoretical resultsfrom Markov and
envel ope descriptions of wave runs.
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Hawley, G.J,, PG. Vining, PF. WIGGINS, Professor, and K.W. LINDLER, Professor, Thermodynamics of Marine Engineering
Systems, 3 Edition, Kendall Hunt Publishing Company, Dubugue, owa, May 2000.

This text provides a fundamental, applied understanding of thermodynamics relating to the design and operation of
marine power systems. The 3" edition hasadded materia intheareasof: centrifugal pumpsand el ectric motor propulsion
systems. Thistext isdesigned for non-engineering majors at the U.S. Naval Academy.

Hofman, G.J., Peterson, R.J., Gelderloos, C.J., Rigtinen, R. A., NELSON, M. E., Professor, Thompson, A., Ziegler, J. ., and Muhlfeld,
H., “Light-Induced Scaling Relationshipsfor 16 Mband 64 Mb DRAMS,” | EEE Transactionson Nuclear Science, Vol 7, no. 2, pp.
403-407, Apr 2000.

This paper reportson soft error rates (SER) of 16 and 64 Mb dynamic memory chipsinduced by threetypesof e ementary
particles, neutrons, protons, and pions, with emphasison results obtained with pion beams. Significant SER differences,
up to afactor 1000, are seen between various manufacturersand cell technologies. Reaction mechanismsare discussed
and by comparing SER ratesto nuclear reaction cross sections guidelines are presented for predicting failure rates.

Knafelc, M.E.,andNUCKOLS, M.L., Professor, “ Eva uation of aPhase Change Materia (PCM) Liner For TheNon-Return Vave

(NRV) Hot Water Suit,” Proceedings of the 1999 Underseaand Hyperbaric Medical Society Annual Scientific Meeting, Boston,
MA, Vol 26 (1999 Supplement), p. 64, 26-30 June 1999.

Saturation diving operationsrequire the use of hot water suitsfor diver thermal protection. Intheevent of losing the hot
water supply, thediver can rapidly chill and become hypothermic. Thethermal stressiscompounded whenthediveris
inacurrent sincethethermd barrier of the quiescent water immediately surrounding thediver isremoved. Thisproof of
concept study was designed to determine if incorporating bulk PCM into the hot water suit=s liner blunts the thermal
stress. The study was conducted during a saturation dive, Deep Dive 98. The mean skin temperature val ue was based
on regional weighting according to the percentage of body surfacearea. Theformulafor mean skintemperatureis: T,
= 0.3 (chest + upper arm temperatures) + 0.2 (thigh + calf temperatures). Eight maleU.S. Navy Saturation diverswere
used assubjects. Four diversworethe PCM (Octadecane 83) liner; four diversworethestandard (lycralffleece) liner. The
water temperaturewas 1.1t0 2.2 °C at adepth of 850 fsw (26.7 ata). Thediver positioned himself inthe current stream
created by the discharge side of the water circulation pump. Temperatures were recorded every 15 seconds and the
mean skin temperature was cal culated using the above formula.

When maintaining the hot water flow to the diver, the PCM-liner maintained the diver’s T, , which decreased with the
standard liner. After securing the hot water, the divers wearing the standard liner experienced arapid drop in their T, .
The average duration of the exposure was 6.6 minutes before the diver terminated the exposure. In contrast, thedivers
wearing the PCM-liner experienced al essdramati ¢ decreasein skintemperature and were able to compl etethe 20-minute
exposure.

Thispilot study suggeststhat the bulk PCM-liner under aNRV hot water suit issuperior to the standard liner in blunting
the thermal heat losswhen thereisaloss of hot water.

KRIEBEL, D.L., Professor, and WALLENDOREF, L., “Physicd Modd TestsonaGenericMOB Module,” Prof. Conf. On Very Large
Floating Structures, Honolulu, HI, Sept. 1999, pp. 511-520.

Physica modd testswere conducted at the United StatesNaval Academy on alarge semi-submersiblemode!, representing
al-to-70 scalemode of asinglemoduleof theMobile Offshore Base. Thefull-scae MOB modulewasover 900 feet long
so that the model was very large and more than 12 feet in length. Tests were conducted for transit conditions, with the
model floating on its pontoons, with redlistic forward speeds, and with a wide range of sea states, in both head and
following seas. This paper discusses the design and construction of the model, the experimental setup and test
conditions, and the resulting measurements of the heave and pitch motions.
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KRIEBEL, D.L., Professor, “Performance of Vertical Wave Barriersin Random Seas,” Proceedings of Coastal Structures ‘99
Conference, Santander Spain, June 1999, pp. 525—-532.

This paper evaluates the performance of vertical wave barriersin random waves, based on a comparison of measured
and predicted wave transmission, wavereflection, and waveforceson thewall. M easured wave loads are obtained from
alarge-scalelaboratory experiment conducted in thelargewaveflumeat the Oregon State University. Theoretical wave
loads are computed using eigenfunction expansion theory, modified to account for frictional losses at the base of the
wall, and applied on afrequency-by-frequency basisto the incident wave spectrum. Results of this study suggest that
theeigenfunction theory can predict random wave transmission, reflection, and wave |l oadsto within about 10%to 20%
accuracy for awide range of wave conditions, water depths, and wave barrier drafts.

KRIEBEL,D.L ., Professor and ALSINA, M., “ Simulation of ExtremeWavesin aBackground Random Sea,” Proc. of Intl. Conf. On
Offshoreand Polar Engineering, Sesattle, WA, June 2000, pp. 31—-37.

L aboratory experimentswere conducted to embed alargetransient wavewithin arandom seaasameansof smulating
rogue or freek wave events in a wave tank. The total wave energy spectrum was split into two parts: one for the
background random sea and the other for the transient or freak wave. It is shown that afreak wave, having a height of
more than twice the significant wave height can be generated using just 15% to 20% of the total wave energy in the
trang ent wave and 80% to 85% of theenergy intherandom sea. Thisimpliesthat afresk wave may occur relatively easily
dueto the focusing of only asmall part of the overall wave energy.

MAYER, R.H., Associate Professor, “ An Integrated A pproach to Teaching Engineering Design and Design Decision-making,”
Proceedingsof the 1999 ASEE Annua Conference, Charlotte, N.C., June 1999. Availableon CD-ROM.

Anextensve case study tofacilitatedesigninstruction at the U.S. Naval Academy isdescribed. “ Restoration of aCoral
Reef” is a semester-long engineering design experience involving five related exercises. These exercises provide a
useful context in which to discuss and apply various design tools and methods used in different phases of the
engineering design process — from problem assessment through project planning and construction cost estimating.
Students al so havethe opportunity to experience design-team interactions and devel op communi cation skillsassociated
with the design report.

Mead, P, Moore, D., Natishan, M., Schmidt, L., Brown, S,, Lathan, C., Goswami, |., and MOURING, SE., Associate Professor, “The
ESTEAM Program’sPhasel Results: Faculty Viewson Engineering Student Team Effectiveness,” Journa of Women and Minorities
in Scienceand Engineering, 5(1999), 351-363.

Recent emphasison the use of teamsin the engineering curriculum hasincreased interaction and collaborative aspects
of the learning process for engineering students and faculty. However, a corresponding emphasis on preparation for
studentsand faculty hasnot occurred . Thetrandation fromindividua learning in acustomized environment tolearning
in a group environment can be challenging, even in a homogeneous team atmosphere. This process is even more
complex against a backdrop of diversity, including communication style and learning style differences. Thisarticle
presents results from a series of interviews and focus groups of engineering faculty and students regarding the use of
teamsin their courses and the benefitsand challengesthey believe are adirect outcome of team-oriented approachesin
engineering. The results reved training deficiencies in effective practices for team-oriented activities, and large
inconsistencies in the experiences of students across disciplines.

Miller, M., Nadeau J., and WHITE, G.J., Professor, “Longitudinally Stiffened PanelsB A Comparative Anaysisof the Compressive
Strength of Three Common Construction Methods,” Transactions of the Society of Naval Architects and Marine Engineers,
Volume 107, 1999, pp. 291 —308.

Duetothereductioninlabor, materia, and weight, intermittent weldingisoften used inlieu of continuousweldingtojoin
longitudina stiffenersto hull plating. Traditionaly, useof this cost reduction technique, commonin both ship and barge
construction, hasnot been considered significantly detrimental to the overall strength. Similarly, in barge construction,
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serrated gtiffeners are considered an acceptable aternative to continuously welded stiffeners. After the catastrophic
failure of the deck plating of two inland tank barges constructed using intermittently welded serrated stiffeners, the
Coast Guard conducted testing on stiffened panels at the U.S. Nava Academy. The ultimate strength of panels
constructed using continuoudy welded gtiffeners, intermittently welded stiffeners, and intermittently welded serrated
stiffeners was determined and compared. Testing results and analysis of the failures showed that the use of serrated
stiffenersintroduces adifferent failure mechanism which can lead to significantly earlier failure.

MILLER, PH., Assistant Professor, “ Durability of Marine Composites,” adissertationfiledin partia satisfaction for the Doctor of
Engineering Degree, University of Cdifornia, Berkeley, April 2000.

The growing use of marine composite materials has led to many technical challenges. One challenge is predicting
lifetime durability. This project systematically extended and further developed the isotropic material method to the
application of fiberglass vessals in the marine environment. The research compared two identical composite vessels
having significantly different fatigue historieswith baseline, undamaged laminatesrepresenting anew vessal. Anaytical
models based on classical lamination theory, finite element analysis, ship motions, probability analysis and wind and
wave mechanicswere used to predict strainsgenerated by the vessel swhile underway. Material propertiesbased on wet
and dry conditions were determined and compared through coupon and panel tests. Fatigue endurance limits were
found to be near 25% of static |oad, indicating afatigue design factor of 4 isrequired for these materials. Thisishigher
than specified in ABS and US Navy design guides.

MOURING, SE., Associate Professor, “ An Innovative Method for Joining Composites,” 8" International Conferenceon Marine
Applicationsof Composite Materia s 2000 Proceedings, Me bourne, FL, (March 2000), H1-11.

Aninnovative method for joining composite structural elements has been devel oped asan dternativeto current joining
methods. This method uses a combination of liquid adhesive and adhesive tape to fabricate joints. The adhesive tape
is used to temporarily “tack” structural elements together and to form a channel between the structural elementsin
which liquid adhesive can be injected at a later time. The resulting bond lines are more consistent than bond lines
constructed using current bonding methods. Tape thickness determinesthe bond line thickness whil e spacing between
tape strips determinesthe bond linewidth. Oneadvantage of thistechniqueisthat it can beused for variety of structural
configurations. Furthermore, quality control ispossible not only before the application of liquid adhesive but also after
the application of liquid adhesive. This joining method shows great promise to be a more cost-effective, less labor-
intensive technique without reduction in the structural performance. This paper discusses the ongoing development
and evaluation of thisnovel joining method. Both experimenta and analytical results of the research are presented.

NUCKOLS, M.L., Professor, Clarke, JR., and MARR, W.J,, CDR, USN, “Assessment of Oxygen Levelsin Alternative Designs of
Semi-Closad Underwater Bregething Apparatus,” Internationa Journd of Life Support and Biosphere Science, Vol 6 (1999), pp. 239-249.

A method for predicting the circuit oxygen levelsin semi-closed underwater breathing apparatus (UBAS) is presented.
Oxygen levels are assessed for traditional circuit designs using sonic metering valvesto inject aconstant massflow of
fresh make-up gas, as well as two aternative respiration-rate-coupled gas dosage designs using demand injection
valves. The impact of variations in diver depth, activity level, gas injection rate, circuit volume and make-up gas
composition on these circuit oxygen levelsis demonstrated. Respiration-coupled, demand gas delivery systems are
shown to have significantly reduced circuit oxygen variationsover awiderange of diver activity levelswhen compared
to congtant mass flow injection systems. Additiondly, the respiration-coupled designs are shown to have potential
reduced gas usage at low diver activity levels, resulting in longer mission duration capability, when compared to
constant mass injection systems.

NUCKOLS, M.L., Professor, “ Test and Evaluation of A Carbon Dioxide Absorption System Using Seawater For Underwater Life
Support,” Proceedings of the 15" Meeting of the US/Japan Cooperative Program in Natural Resources, 1-6 Dec 1999, Tokyo,

Japan, pp. 179-196.

During FY 1999 the National Undersea Research Program (NURP) Office of the Nationa Oceanographic and Atmospheric
Administration (NOAA) invited ocean engineering studentsat theU.S. Nava Academy to participatein ajoint partnership
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project in underwater technology development. The NURP operates the most advanced underwater observation
platform in the world to study the coral reef system off the Florida Keys. This underwater platform, the Aquarius
underwater habitat, supports up to six scientists/researchers during 10-day missions without surfacing. Support
systemswithin the underwater habitat maintain thelife-sustaining atmosphere throughout these missionsto provideair
conditioning, oxygen supply and carbon dioxide removal for these scientist/aquanauts. The U.S. Naval Academy
designed a new method of carbon dioxide removal using seawater absorption instead of the conventional chemical
remova methods presently used on Aquarius. This carbon dioxide absorption system can potentially provide a safe
andinexpensivedternative of removing metabolically-produced carbon dioxidefrom cabin gasesin underwater habitats,
submarines, or awide range of diving applications. This method involves the direct absorption of carbon dioxide in
small concentrations in diffused air by a seawater tower, either pressurized or unpressurized. The design can be
externaly or internally mounted on an underwater habitat, submarine or diving life support systemwithout any chemical
replenishment or disposal requirements. Resultsfrom testing an unpressurized seawater tower inside NOAA'sAquarius
underwater habitat during May 1999 verified the feasibility of this carbon dioxide absorption technique.

NUCKOLS, M.L., Professor, VanZandt, K., Alderson, R., “Design and Evaluation of a Hydrogen Catalytic Breath Heater For
Diving Applications,” Proceedingsof Underwater Intervention 2000, 23-26 Jan 2000, Houston, TX, CD-ROM, paper B.2.3.

During July 1999 a hydrogen catalytic breath heater concept was tested in the Hydrospace L aboratory at the Coastal
Systems Station in Panama City, FL. The objective of this test series was to determine the potential breath heating
performance of ahydrogen catalytic heater incorporated into an off-the-shelf, open circuit SCUBA regulator and in the
current UBA Ex14/1 semi-closed circuit backpack at smulated depthsup to 850 FSW. Inall tests, hydrogenlevelsinthe
circuit and test chamber were maintained bel ow itsflammablelimitsof 4.0%. Specific variablesinvestigatedincluded (1)
the percentage of hydrogen (between 0.25% and 1.0%) required to be mixed in the breathing circuit gas to achieve
heating goals, (2) the quantity of the catalyst necessary to maximize heat production efficiency, and (3) the effect of the
catalyst bed starting temperature on hydrogen reaction efficiency and heat production. Additionally, testing was
conducted to determineif pre-conditioning of the catalyst bed to remove surface oxides prior to testing would improve
thecatalyst efficiency. Testswererepeated to determinewhat, if any, degradationin the catalyst performancewould be
seen following catalyst pre-conditioning.

Major findingsin thistest seriesincluded the following:

a) Lessthan0.25% hydrogen by volumewasfound adeguate to heat the breathing gasinthe EX14/1 helmet to 89-90°F
a 850 FSW in 35°F water temperatures.

b) Hydrogen percentage content in the breathing mixture was seen to have a direct correlation with gas heating
temperaturesintheopen circuit SCUBA testing at surface conditions. Gastemperatureincreasesof approximately 45°F
and 90°F were measured in the open circuit mode during surface testing when using 0.5% and 1% hydrogen in the
breathing mix, respectively.

¢) Incontrast, hydrogen percentage contents above 0.25% in the semi-closed circuit testing at 850 FSW were seento
have minimal additional heating benefit. While higher hydrogen contents were observed to give an initia surgein
heating levels for the first 2-3 minutes of use, stabilized gas temperature increases of approximately 40° - 50°F were
observed in the semi-closed mode, independent of hydrogen content.

d) Startup and operation of the catalyst bed does not appear to be affected by cold temperatures. Similar gas heating
was observed when the catalyst bed was submerged in bath temperatures between 32°F and 83°F.

€) Catalyst pre-conditioning was found to have no noticeable impact on the hydrogen reaction efficiency. Repeated
testing with catalyst beds having no pre-conditioning showed similar heating capability as compared to pre-conditioned
catalyst beds.

f) No degradation in catalyst performance was observed during successive testing with the same catalyst bed.
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NUCKOLS, M.L., Professor, VanZandt, K., FINLAY SON, W.S,, LT, USN, and Price, K., “ Invention Disclosure For aHot Water
Diver Heater Using Hydrogen Catalytic Reactions,” Navy Patent Disclosure, 25 Mar 2000.

A hydrogen catalytic combustion water heater is disclosed which provides a safe, reliable source of warm water for
activethermal protection of divers over awide range of diving applications. Thewater heater can be used in an open,
closed or semi-closed configuration to support surface tethered diving applications or autonomous, self-contained
missionswith free-swimming diversor withinwet or dry underwater vehicles. Water temperatures can beeasily adjusted
when using thisheater by regulating the percentage of hydrogeninjected into the catalyst bed. The catalytic heater can
be used either as the primary active heating source or as a backup heating system in the event failure occurs to the
primary heat source.

NUCKOLS, M.L., Professor, VanZandt, K., and Alderson, R., “ Method and System For Heating and Humidifying A Breathable
Gas,” Navy Patent Disclosure, Navy CaseNo. 79,938, Sept 1999.

The invention relates generally to the heating of a gas, and more particularly to a method and system for heating and
humidifying abreathable gas supplied to an underwater diver’s breathing mask, helmet or mouthbit.

NUCKOLS, M.L., Professor, Pelstring, J., and Stinespring, B., “A Method For Supplying Breathable Gas For an Underwater
Habitat,” Navy Patent Disclosure, Navy Case No. 79,937, Sept 1999.

Theinventionrelatesgenerdly tolife support for underwater habitable environments (habitats, submersibles, submarines,
etc), and more particularly to amethod and system for supplying breathable gas for an underwater environment using
the surrounding water environment to remove carbon dioxide from respired gases withing the underwater habitat.

NUCKOLS, M.L., Professor, and Henkener, J., “ Record and Disclosureof Invention: Liquid Insulationfor Underweter Applications,”
Navy Patent Disclosure, Jan 2000.

An inert, pourable liquid insulating medium is described which provides superior thermal protection for divers or
underwater cabins(chambers, submersiblehulls, waterproof housings, etc). Thisinsulating mediumisneutrally buoyant
inwater (specific gravity of 1.0), eliminating the necessity for balasting and, unlike conventional closed-cell foam or
fibrous batt insulations, is not thermally degraded by compression in elevated hydrostatic pressures.

NUCKOLS, M.L., Professor, and FINLAY SON, W.S,, LT, USN, “Record and Disclosure of Invention: Respiratory-Coupled, Mass
I njection Semi-Closed Circuit Underwater Breathing Apparatus,” 23 March 2000.

A new semi-closed circuit breathing apparatus design is disclosed which injects fresh makeup gas by mechanically
coupling theinjection rate of thismakeup gaswith adiver’srespiratory minutevolume (RMV). Theinvention maintains
aconstant oxygen fraction in the breathing circuit, smilar to an open circuit SCUBA, while decreasing the gas supply
requirements by up to 80% of that used in open circuit SCUBA.

PIPER, G., Associate Professor, WATERS, JK ., Assistant Professor, T. DWAN, Professor and K. KIRIAKIDIS, Assistant Professor,
“Teaching Multidisciplinary Engineering Principles Through Environmenta Topics,” Journal of Engineering Education, Accepted.

Environmental topicssuch as pollution prevention, pollution remediation, natural resource utilization, aswell asglobal
andlocal weather studies provideexcellent catal yststo teach awide breadth of engineering principles. Sinceenvironmenta
issues are real and tangible to most students, engineering applications involving the environment tend to capture the
students' interest. Environmentd topicsalso provideagreat opportunity for discovery, learning, and meaning application
of learned mathematic, scientific and engineering and principles. For instance, having students explorewaysto extract
energy from natural resources exposes them to avariety of topics such as thermodynamics, power generation, energy
transmission and storage. Through such topics asthermal pollution and weather monitoring, students are exposed to
heat transfer, partial differential equations, sensor design and signal processing. Invirtually al environmental topics,
students can experience the synthesis of concepts and methods of many different disciplines, whichistruly the essence
and purpose of engineering.
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For the past three years, the Systems Engineering and the Ocean Engineering Departments at the U.S. Naval Academy
have collaborated to offer an innovative course sequencein environmental engineering. Inthiscourse sequence, ahost
of engineering principles are explored under the umbrella of environmental topicsfor non-environmental engineering
students. This paper presents the techniques used in this course sequence in which engineering principles are either
taught or reinforced, and then applied to areal system or problem through environmental topics.

Schmidt, L., P Mead, M. Natishan, C. Lathan, S. Brown, |. Goswami, and S.E. MOURING, Associate Professor, “BESTEAMS:
Building Engineering Student Team Effectiveness and Management Systems,” Section 3325 of the Proceedings: 1999 ASEE
Annual Conference& Expostion, Charlotte, NC (June 1999).

The current paper introduces the BESTEAMS Project. BESTEAMS seeksto transform the professional engineering
environment into one comfortable for al by training engineering students to recognize and accept diverse learning,
communication, and behavior styles in their colleagues. Here we report the findings of our student focus group
sessions on type and amount of team training students get before working in a project and their perceptions of
differencesinteam member behavior that fall along gender, ethnic, or learning styleslines. Wealso present thefirst data
from two student focus groups conducted after the BESTEAMSS pilot team training was done in the course.

TUTTLE,K.L., Associate Professor, “Impact onNO, Emissonsfrom Fixed NitrogenintheFuel,” Proceedings, Maine Environmenta
Stewardshipfor the21% Century, ASNE & SNAME, 1999, Arlington, pp. 87—93, October 21, 1999.

Oneof the most interesting emissionsfrom marine power plantsisnitric oxide. Oxidesof nitrogen, grouped asNO, , are
produced from the nitric oxide generated during the combustion processin enginesand boilers. Theproduction of nitric
oxide depends on the combustion temperature. Hence, NO, isafunction of engine loading in most engines. Organic
nitrogen, such asin protein, increases the production of nitric oxide during combustion. Although many fuels burned
by marine engines and boilers are not expected to be high in nitrogen, thereis ill concern that fuel-borne nitrogen is
making asubstantial contribution to pollution from ships. This paper examines stack emissionsand fuel datatakenfrom
alarge number of shipsoperating at steady-state. Sincethe stack emissionsdatainclude nitric oxide emissionsand the
fuel analysesincludefixed nitrogenin thefuel, these data can be used to determine whether the effect of nitrogeninthe
fuel has a significant impact on oxides of nitrogen in the exhaust emissions.

The theory has been accepted since at least the 1960’s that nitrogen bound to the organic fuel molecules would be
converted to nitric oxide, NO, in any combustion process (Perkins, 1974). Thenitrogeninthefuel, often called organic
nitrogen, is part of an organic molecule such as a protein molecule. As the protein molecule decomposes during the
process of combustion, it ispossiblethe nitrogen atomwill react with an oxygen molecule producing anitric oxide, NO,
molecule and an oxygen atom. If this reaction occurs, the level of nitric oxide produced by that combustion process
would beincreased at |east by the NO contributed by the organic nitrogen in thefuel. However, if thisreaction occurs,
thereis also an oxygen atom produced that may react with a nitrogen molecule to form another molecule of NO and
another nitrogen atom. This scenario is disturbing as a single atom of organic nitrogen has reacted to produce two
molecules of NO plusanew atom of nitrogen. Presumably, the cycle could repeat indefinitely and fuel nitrogen could
produce a substantial increasein the levels of NO measured in the exhaust gases of any engine or power plant burning
fuel having any organic nitrogen.

WATERS, JK., Assistant Professor, D.L. KRIEBEL , Professor and R. H. MAY ER, Associate Professor “ Analysisof U.S. Coast
Guard Accident Data,” Marine Technology, Accepted.

U.S. Coast Guard accident data files were obtained and analyzed in order to assist in the safety performance review
portion of afunded research study on navigation channel design. The research study was specifically interested in
identifying those ports whose incidents may be associated with the design and/or maintenance of their navigation
channels. The accident data statistics were therefore interpreted and analyzed with this emphasisin mind.

Datafrom all domestic portsfrom 1992-1998 areincluded intheanalysis. Discussionsof incident types, vessd typesand
causal factors are included. The incident types of particular interest to this study include allisions, collisions and
groundings. Theportsareranked asto the number of theseincidents experienced over two different timeperiods. It was
found that thetop five portsin both caseswere New Orleans, Paducah, M organ City, M obileand Galveston. Resultsof
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thisandysis aso indicate someinteresting additional statistics. More than 90% of al vessdsinvolved inincidents were
U.S--flag vessd's, and morethan two-thirds (2/3) of therelevant incidentsindicated “ human factors’ asthe primary causal
factor. Thevessd typemost ofteninvolved inthere evant incidentswerebarges (34%), with shipsinvolvedin only 12-24%
of theseincidents. Of the grounding incidents, nearly one-third (1/3) were reported as occurring within achannel.

An additional, limited, but similar analysisincluding only tank ship and freight ship vessel types was also conducted.
Thesevesselswere selected for aseparate analysisin order to gain abetter measure of statisticsfor deeper draft vessals.
Asexpected, theresultsfromthisanalysisdiffered significantly from thoseincluding all total vessdl types, but still point
to New Orleans as the port with the most accidents.

WHITFORD, D.J, Captain, USN, M. E. VIEIRA, Associate Professor, and J.K. WATERS, Assistant Professor, “ Teaching Ocean
WaveAnalysis: Part 1, Using Finite Fourier Analysis,” American Journa of Physics, Vol 69 (4), pp. 490 - 496.

Analysis of progressive, wind-generated surface gravity waves is a fundamental learning objective for students
majoring in ocean engineering and physical oceanography. Students usually find the transition from understanding
monochromatic (i.e. singlefrequency) wavesto understanding amore realistic random seato be difficult. A two-part
laboratory exercise is described which addresses this problem. The first exercise introduces the manual arithmetic
steps of afinite Fourier analysis of awave record, devel ops awave energy spectrum, and compares these resultsto
theresultsobtained using aFast Fourier Transform (FFT). The second part of the exercise, described in the subsequent
article, takes a longer wave record, and addresses the theoretical and observed wave probability distributions of
wave heights and sea surface elevations. These results are then compared to an FFT, thuslinking the two laboratory
exercise partsfor amore complete understanding. The exercise' sbenefitsare cross-disciplinary in nature and can be
used in any fields that deal with signal analysis.

WHITFORD, D.J, Captain, USN, JK. WATERS, Assistant Professor and M.E. VIEIRA, Associate Professor, “ Teaching Ocean
WaveAnalysis: Part 2, Using Wave Height and Water Surface Elevation Probability Distributions,” American Journal of Physics,
Vol 69(4), pp. 497 - 504.

Analysisof water surface wavesisafundamental |earning objective for undergraduate and graduate students majoring
in ocean engineering and physical oceanography. Students usualy find the transition from studying monochromatic
waves, i.e. singlefrequency waves, to studying amorerealistic complex and random seaof many different frequencies
tobedifficult. Two computer laboratory exercisesare presented which enable studentsto makethistransition with less
difficulty and moreunderstanding. Thefirst exercise, described inthe previousarticle, utilized spreadsheet softwareon
which the students execute the manual arithmetic operationsof afinite Fourier analysison acomplex waverecord. The
results were then compared to those obtained by a Fast Fourier Transform. This article, the second of this two-part
series, addresses analysis of a complex sea using observed and theoretical wave height and water surface elevation
probability distributions and wave spectra. These results are compared to a Fast Fourier Transform analysis, thus
providing alink back tothefirst exercise.

Presentations

BARTON, O., Associate Professor, M. MACKNEY, Associate Professor, SE. MOURING, Associate Professor, and G. N.
KARPOUZIAN, Professor, “The Longitudinal and Transverse Properties of Fiber-Steered Composites,” American Society of
Composites 14" Technica Conference, Fairborn, OH, 28 September 1999.

BOUGHEY, B., Endgn, USN, M.R. CERZA, Asociate Professor, and K.W. LINDL ER, Professor, “ Flat Heet Fipe Design, Congtruction
and Analysis,” Presented at the 34th Intersociety Energy Conversion Engineering Conference, Vancouver, British Columbia,
Canada, August 2-5, 1999.

CERZA, M.R., Asociate Professor, B. BOUGHEY, Ensign, USN, and K.W. LINDLER, Professor, “ Infrared Videography of aGas
Loaded Hesat Pipeat VariousAnglesof Inclination,” Nationa Heat Transfer Conference, Albuquerque, NM, August 15-17, 1999.
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CERZA, M.R., Associate Professor, “ Infrared Photographs of aGas L oaded Heat Pipe,” at thelnternational Mechanical Engineering
Conference and Exposition, Nashville, TN, November 14-19, 1999.

CERZA, M.R., Associate Professor, BOUGHEY, B., Ensign, USN, and K.W. LINDLER, Professor, “ Infrared Videography of aGas
Loaded Heat Pipe at Various Angles of Inclination,” Presented at the National Heat Transfer Conference, Albuquerque, NM,
August 15-17, 1999.

HARPER, M.J., Associate Professor, “ Reduced Manning in Submarines,” presented to Naval Sea Systems Command, Advanced
Submarine Devel opment Division (SEA 05U), Arlington, VA, September 1999.

Kling, A.R., M.E. NEL SON, Professor, Cassata, JR., LT, USN, and G.K. Riel, “ Eval uation of the Neutron Response of the Copper-
Doped (LiF) TLD,” Hedth Physics Society Annual Meeting, Philadel phia, Pennsylvania, June, 1999.

KRIEBEL, D.L., Professor, “Performance of Vertica Wave Barrier in Random Waves,” Coastal Structures 1999 Conference,
Santander, Spain, June 17, 1999.

KRIEBEL, D.L ., Professor, “Physical Model Testson aGeneric MOB Module,” Conferenceon Very Large Floating Structures,
Honolulu, HI, 22 Sept 1999.

KRIEBEL, D.L., Professor, “Design of Verticd WaveBarriers,” Navy Civil Engineer Corps, Ocean FacilitiesConference, Annagpalis,
MD, 11 April 2000.

KRIEBEL, D.L., Professor, “ Simulation of Extreme Wavesin a Background Random Seg,” Intl. Conf. On Offshore and Polar
Engineering, Seattle, WA,29 May 2000.

MAY ER, R.H., Associate Professor, “ An I ntegrated A pproach to Teaching Engineering Design and Design Decision-making,” at
the 1999 ASEE Annua Conference, Charlotte, N.C., Jun 1999.

MAY ER, R.H., Associate Professor, “ Environmental Engineering Opportunitiesin Ocean Engineering Education,” at the 1999
ASEE Annual Conference, Charlotte, N.C., Jun 1999.

MAY ER, R.H., Associate Professor, “ Ocean Facilities Program - The Early Years,” a the NAVFAC Ocean Facilities Program
Conference, USNA, Annapolis, MD, Apr 2000.

Mead, PF.,, M.E. Natishan, L. Schmidt, S. Brown, C. Lathan, . Goswami, and S.E. MOURING, Associate Professor, “ Engineering
Project Team Training for Students Workshop: BESTEAMSS - Building Engineering Student Team Effectivenessand Management
Systems,” 4™ Annua LILLY Teaching Conference on College and University Teaching - Atlantic, Towson University, Towson,
MD, 7 April 2000.

MILLER, PH., Assistant Professor, “ LifdinesResearch at theU.S. Naval Academy and Fundamenta sof Lifeline System Design,”
Int’'| Boatbuilders Conference, Ft. Lauderdale, Florida, 9-11 February 2000.

MILLER, PH., Assistant Professor, “ Seaworthinessand Safety,” Safety-at-SeaSeminar, U.S. Naval Academy, 25-26 March, 2000.
Miller, M., J. Nadeau, and G.J. WHITE, Professor, “ Longitudinally Stiffened PanelsB A Comparative Analysisof the Compressive
Strength of Three Common Construction Methods,” Annual Meeting of the Society of Nava Architects and Marine Engineers,
Bdtimore, Maryland, October 13-15, 1999.

Moore, J.S.,and M.E. NEL SON, Professor, “ S& P 500 Volatility Forecastswith Neurd Networks,” 19" International Symposium
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