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While the Navy addresses the effects of progressive flooding in its design requirements, its limits for damaged
stability are the results of World War II damage analysis and are evaluated under static conditions, without regard
for shipboard damage control systems.  This thesis develops a program which utilizes the SIMSMART flow analysis
program in tandem with naval architecture analysis in Microsoft Excel, to simulate progressive flooding of a ship
based on the varying specifics of a given scenario.  This program can be used to aid designers in dynamic simulation
of the flooding process not only to determine the adequacy of dewatering equipment, but also to establish a timeline,
including naval architecture parameters, throughout the process.

DoD KEY TECHNOLOGY AREAS: Computing and Software, Surface/Under Surface Vehicles – Ships and
Watercraft, Modeling and Simulation
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Master of Science in Mechanical Engineering-March 1999
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Multivariate statistical analysis methods such as Principal Component Analysis (PCA) are now finding applications
in electron microscopy including the analysis of energy dispersive x-ray spectra (EDS). The aim in this thesis is to
extend EDS beyond its conventional use in the measurement of elemental distributions to allow both the
identification of chemical phases and the mapping of their distribution.

In the present work, PCA was applied to the analysis of modeled spectra representing interfaces where diffusion
and/or an interface reaction had occurred. A search routine was developed to find physically possible interface
phases using the principal components found by PCA. From the modeled data, it was shown that an interface phase
could, in principle, be found using PCA but that it is embedded in a cluster of physically possible spectra. The
technique was then applied to experimental data obtained from an interface between chemically vapor deposited
diamond (CVDD) and Cr2O3. The results followed the same pattern as was seen with the modeled data. Criteria for
experimental EDS spectra other than those used to define a physically meaningful spectrum are discussed. These
should help further limit the cluster of possible answers found allowing a correct determination of the real interface
phase.

DoD KEY TECHNOLOGY AREA: Materials, Processes, and Structures
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The objective of this study was to model and simulate progressive failure initiating from a notch tip in a laminated
fibrous composite subjected to tensile in-plane loading.  The micro/macro-level approach was used for this study.
The micro-level analysis used the 3-D unit cell model while macro-level analysis used the finite element analysis
technique.  A cross-ply laminate with double-edge notches was studied to investigate delamination, fiber splitting,
and transverse matrix cracking in the structure.  Numerical results were compared to previous experimental work.

DoD KEY TECHNOLOGY AREAS: Modeling and Simulation, Materials, Processes, and Structures

KEYWORDS: Finite Element Method, Composite Micromechanics, Delamination
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Natural Frequencies of a system are identified by applying artificial boundary conditions at measurement locations
and obtaining the frequency response function for the unrestrained degrees of freedom.  The frequencies of the
system under a variety of boundary conditions can be found without any physical alterations of the test boundary
conditions.  This approach is applied to model updating and sensitivity-based damage detection.

DoD KEY TECHNOLOGY AREA: Modeling and Simulation
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VALIDATION OF ENHANCED MIXING EDUCTOR DESIGNS
FOR GAS TURBINE EXHAUST SYSTEMS
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The performance of two newly designed, enhanced mixing exhaust gas eductor nozzle patterns was measured and
analyzed.  Both designs use a constant area square mixing tube and 16 high aspect-ratio slot nozzles which promote
rapid mixing, reducing the required mixing tube length.  One design uses arrays of parallel nozzles while the other
uses a radial nozzle arrangement. A one-fifth scale, cold flow air tunnel facility was designed and constructed.  The
secondary-to-primary air entrainment ratios and mixing tube exit velocity profiles are reported for a range of mixing
tube standoff distances.  An analysis of the results is provided along with projections for hot flow performance.

DoD KEY TECHNOLOGY AREAS: Electronic Warfare, Modeling and Simulation, Other (Signatures)
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A method of structural synthesis is presented using a recursive computational process.  A structure can be modeled
entirely linearly, with localized nonlinearities included as synthesized forces.  The method allows retention of only
the degrees of freedom (DOF) of interest, including, at a minimum, the DOF at which nonlinearities are applied.
The method is illustrated using an n- degree of freedom finite element model of a simple structure.  The method is
shown to adjust the response of the system based on addition of a nonlinear base isolator.  Finally, the method is
compared to MATLAB’s ODE45 function as a measure of accuracy and efficiency.  The method is theoretically
exact, and results in order of magnitude decreases in computational time for modification analysis.

DoD KEY TECHNOLOGY AREAS: Modeling and Simulation, Other (Civil Engineering, Nonlinear, Shock
Isolation)
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The feasibility of a new manufacturing process of ceramic materials in which net shaped products are produced via
sintering and simultaneously deforming is studied.  A suitable model system of SiO2-B2O3 is chosen due to its
desirable properties for liquid phase sintering and its ability to be tested under atmospheric conditions.  Samples of
compacted powder are prepared and characterized via x-ray diffraction and scanning electron microscopy.  Tests to
determine the ability of the system to undergo Liquid Phase Sintering are studied.  Deformation of samples in
compression with concomitant Liquid Phase Sintering at nominally constant true strain rates is performed, and the
effects of the amount of liquid phase present are investigated.  Problems associated with the Liquid Phase Sinter
Forming process are identified, and recommendations are suggested for future studies.

DoD KEY TECHNOLOGY AREA: Materials, Processes, and Structures
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The boiling of a highly wetting dielectric fluid, in an oscillating fluid environment, has been investigated.  Because
of low surface tension, these liquids require very high superheat to initiate nucleate boiling.  This high degree of
superheat required can be reduced by oscillation of the fluid.  This oscillation removes the bubbles, which are
forming in the nucleation sites on the wire, which allows new bubbles to form.  The amplitude and frequency of the
oscillation has been varied in an attempt to find the optimum values.
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All attempted oscillation amplitudes and frequencies reduced the required superheat necessary to initiate
nucleate boiling.  Some oscillation amplitudes and frequencies were more effective than others.  No global optimum
amplitude or frequency was specifically located.  Several local optimum values were found.  One oscillation
amplitude was found to produce equal required superheat values at various frequencies, thus appearing to be
independent of frequency.

DoD KEY TECHNOLOGY AREAS: Electronics, Other (Cooling Systems)
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This is an experimental investigation of the ligament and drop formation at the free surface of wall jets, flowing over
sand-roughened plates, and on unbounded two-dimensional jets, discharging into atmosphere. Experiments were
conducted with both fresh and simulated sea water.  Measurements were made with several high-speed imagers and
a pulsating laser system and analyzed through the use of appropriate software.  The wall-jet Reynolds number
ranged from 3.5x103.5x104 to 8.5x104, the Froude number from 15 to 30, and the Weber number from 3,000 to
7,500.  The positions of the transition and primary breakup as well as the characteristics of the ligament forest and
droplets were determined from the digitized images and interpreted in terms of the characteristics of the turbulent
boundary layer and a phenomenological model based on the observations and measurements.  The emphasis has
been on the physics of the phenomenon rather than on the development of empirical relationships.

DoD KEY TECHNOLOGY AREA: Surface/Under Surface Vehicles - Ships and Watercraft
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One of the greatest challenges concerning submerged Autonomous Underwater Vehicle (AUV) operations involves
developing an accurate and reliable navigation control system. Although several established solutions exist, the
equipment is cost prohibitive. By utilizing the advances realized by industry in compass technology, a low-cost and
reliable compass module can be incorporated into the AUV navigation system.  This “commercial-off-the-shelf”
(COTS) equipment has inherent errors associated with interaction with the host vehicle, but data analysis of compass
output and numerical corrections to the control system can improve the accuracy of heading references needed by
the AUV navigation control in very shallow water. This thesis examines the feasibility of using a TCM2 electronic
compass with error correction in the Naval Postgraduate School’s Phoenix AUV.

DoD KEY TECHNOLOGY AREA: Surface/Under Surface Vehicles-Ships and Watercraft
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