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Foreword

The relationship between education/training and Information and Communication
Technologies (ICT) is intensifying quickly and appears sometimes in unexpected forms, and
in combination with original ideas, innovative tools, methodologies and synergies.
Accordingly, the primary purpose of the 5" International Conference on Education and
Information Systems, Technologies and Applications: EISTA 2007 has been to bring
researchers and practitioners from both areas together to support the emerging bridge
between education/training and ICT communities.

The 3" International Conference on Social and Organizational Informatics and Cybernetics:
SOIC 2007 and The 5" International Conference on Politics and Information Systems,
Technologies and Applications: PISTA 2007 have been organized and collocated with
EISTA 2007 and the proceedings of the three conferences have been collected in the same
volumes under the general title of Society, Cybernetics and Informatics because significant
relationships were found among the three of them.

In the context of EISTA 2007, practitioners and consultants were invited to present case
studies and innovative solutions. Corporations were invited to present education/training
information systems and software-based solutions. Teachers and professors were invited to
present case studies, specifically developed information systems and innovative ideas and
designs. Educational scientists and technologists were invited to present research or position
papers on the impact and the future possibilities of ICT in educational systems, training
processes and methodologies. Managers of educational organizations and training
consultants were invited to present problems that might be solved by ICT or solutions that
might be improved by different approaches and designs in ICT.

EISTA 2007 provides a forum for the presentation of solutions and problems in the
application of ICT in the fields of education/ training. Authors of the proceeding’s papers
provided varied answers to the following questions:

e  What is the impact of ICT in education and training?

® How are ICTs effecting and improving education and training? What networks and
models are emerging?

e How are universities, schools, corporations and other educational/training
organizations making use of ICT?

e What electronic tools are there to facilitate e-learning, distance education and co-

operative training?

In the context of PISTA 2007 / SOIC 2007, Information and Communication Technologies
(ICT) are transforming our societies and our governments at a remarkable speed.



Government departments are seeing the importance of delivering services electronically.
Political parties have begun using ICT in their processes. Yet despite this increased need, we
find, as John Harvey-Jones calls it, a Dialogue of the Deaf between politicians and the ICT
community. Politicians need to understand the potential role of the Internet in politics and
the ICT community needs a better understanding of politics if this Dialogue of the Deaf is to
be transformed into a mutually comprehensive dialogue and a synergic relationship. The
purpose of The International Conference on Politics and Information systems, Technologies
and Applications: PISTA 2007 is to contribute to this emerging dialogue and aid in bridging
the gap between the two communities.

In order to contribute to the creation of relationships between ICT and Sociopolitical
communities, ICT researchers and professionals were invited to present their experience and
research as it pertains to the application of ICT in politics, governmental action and political
science. Practitioners and consultants were invited to present case studies and innovative
solutions. Corporations were invited to present political information systems and software-
based solutions for political issues. Public servants were invited to present case studies
requiring technology; information systems, innovative ideas and designs that were developed
with political purposes in mind. Political and social scientists were invited to present
research or position papers on the impact and the future possibilities of ICT in social systems
and political processes. Politicians and political consultants were invited to present
problems that might be solved by means of ICT or solutions that might be improved by
different approaches and design in ICT.

The main objective of PISTA 2007 has been to provide a forum for the presentation of both
the solutions and problems of ICT applications in politics and society. The following
questions need answers from a variety of different perspectives:

How do ICTs impact society?

How are ICTs affecting democracy and the potential to make joint and collective decisions
in government?

What networks and models are emerging to provide support for political decision systems?

How are political parties, governments and campaign groups using I'T systems and electronic
communications in particular?

What electronic tools already exist to facilitate democratic discussions and decision-making?
What ethical and legal issues will be a part of the social transformation produced by the

ICTs?

Approximately 233 papers and abstracts were submitted to EISTA 2007. These pre-
conference proceedings include about 120 papers that were accepted for presentation.
Invited sessions organizers accepted about 11 papers from the papers/abstracts submitted



directly to them by the respective authors. We extend our thanks to the invited sessions’
organizers for collecting, reviewing and selecting the papers that will be presented in their
respective sessions.

Approximately 101 papers and extended abstracts were submitted to PISTA 2007 / SOIC
2007 (57 to PISTA and 44 to SOIC). These pre-conference proceedings include about 35
papers that were accepted for presentation. Invited sessions organizers accepted about 15
papers from the papers/abstracts submitted directly to them by the respective authors. We
extend our thanks to the invited sessions’ organizers for collecting, reviewing and selecting
the papers that will be presented in their respective sessions.

A total of approximately 334 submissions were made to 2" International conference of
Society, Cybernetics and Informatics (Which include the three conferences mentioned
above), from about 80 countries. We extend our gratefulness to the authors who submitted
these papers/abstracts for their support.

The submissions were reviewed as carefully as time permitted, but they were not formally
refereed (at the level of a journal reviewing), it is expected that most of them will appear in a
more polished and complete form in scientific journals.

On behalf of the Organizing Committees, we extend our heartfelt thanks to the 143 members
of the Program Committees, from 42 countries; the 249 additional reviewers, from 62
countries, and the 293 scholars and researchers who made the non-blind reviews, from 45
countries, for their reviewing efforts which made possible the quality achieved in EISTA
2007, PISTA 2007 and SOIC 2007.

We also would like to thank Professor Freddy Malpica for distinguishing this conference by
accepting the position of EISTA 2007’s General Chair and for accepting the position of
Honorary President of PISTA 2007, to Professor Friedrich Welsch for serving as its Program
Chair. We also extend our gratitude to Professor Belkis Sanchez, for her relentless support of
the organizing process and to Maria Sanchez for her hard work in creating the hard copy
version of the proceedings. We extend our thanks to Juan Manuel Pineda, Sheyla Lecue,
Juan Pinto, Michel Naranjo, Miguel Bustamante, Danny Da Silva, and Heriberto Diaz for the
support they provided for the conference Web site and for developing the CD containing the
conference proceedings. We would also like to thank the support staff and the secretariat that
helped in the troubleshooting activities.

Professor Andrés Tremante
EISTA 2007 Organizing committee Chair

Professor José Vicente Carrasquero
PISTA 2007 General Chair

Professor Angel Oropeza
SOIC 2007 General Chair
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Abstract:

Nanotechnology stems from the fundamental principles, on the molecular level, of
biology, chemistry and physics; the fundamental sciences taught to high school students across
the nation. Through the use of differentiated and cooperative learning across cyberspace,
it is the goal to develop an online high school course focused on teaching the fundamental
principles of nanotechnology to future scientists, engineers and entrepreneurs. As the educators
involved are from many disciplines of science, this program emphasizes utilizing their expertise
and experience with regard to specific subject matters. This course aims to create and promote
investigative learning across cyberspace, while developing new partnerships amongst schools
both local and distant. Utilizing current educational technology, both hardware and software,
allows for easy implementation along with rapid initiation and growth. Examples of technology
include Smart Boards® and webcams for video conferencing. Demonstrations and interactive
materials currently available online from as the University of Wisconsin’s Interdisciplinary
Education Group, for example, provide the backbone for online facilitated learning. As designed
for high school students with strong understanding of fundamentals in chemistry, biology, and
physics, this course aims primarily at juniors and seniors. Students will focus not only on
understanding the concepts and relationships, but move towards application and product design
whereby principles of nanotechnology are implemented, thus preparing for future scientific and
engineering endeavors. Furthermore, educators from both neighboring and distant schools will
collaborate and focus their expertise and experiences, so as to increase the effectiveness of
teaching the students. Student directed learning will also be promoted through the afore
mentioned application and design portion of the class. Since most of the tools and resources are
based online, costs of implementing this program are minimal. As is in the case of Florida
Atlantic University’s success of their Explore Nanotechnology course, which is designed for
high school students, this program seeks to expand upon this example and deliver similar success
on a larger scale.



Introduction:

It has been almost half a century since Dr. Richard Feynman ignited the scientific
community in his historic lecture “There’s Plenty of Room at the Bottom.” This revolutionary
vision was so large that it was almost impossibly too big to imagine a world on a scale smaller
than the head of a pin. Today, Dr. Feynman’s legacy of nanotechnology represents a critical
paradigm shift such that many, not only those in the scientific community, but those outside it,
refer to nanotechnology as the Second Industrial Revolution. As was the case of the Industrial
Revolution in the eighteenth and nineteenth centuries, nanotechnology today is uniting the
scientific community in a noncompetitive manner. Contrary to a Darwinian model for scientific
advancement, members of the scientific community are creating a mutually symbiotic
relationship with members of the global community. As researchers, investors, and politicians
collaborate across the globe with an open-door policy; advancements in fields of medicine,
computers, botany, and structural engineering to name a few; no longer will they require
immense time prior to application and implementation. As this paradigm shift continues,
knowledge, experience, and development will continue to grow exponentially. Consequently,
our students today find themselves in a unique and dynamic environment. Therefore, it is our
duty as educators to prepare and provide students with the fundamental knowledge and tools at
the core of nanotechnology.

Course Development:

Today the world is at one’s fingertips. In order to ensure the success in developing this
course, it is essential to utilize the most current resource materials. With new developments
occurring rapidly, the Internet replaces the tradition of textbook learning. Although many texts
are available, the dynamic nature of nanotechnology demands alternative resources. Several
high schools across the country aware of the need to educate students in nanotechnology began
teaching their own constructed courses.

Unlike traditional subject matters such as mathematics, history, and literature, these
subjects have seen less change compared to nanotechnology. The consistency of such classes
aids those teachers in obtaining high levels of respective mastery. Unfortunately, the exponential
growth in nanotechnology challenges not only the students, but teachers alike to remain informed
on current developments. As new discoveries and laws of the nanoworld are tested and
observed, exceptions to macroworld laws arise, creating an interesting paradox.

In order to resolve such a paradox it is essential to provide the necessary tools through
collaboration on a macroscale, thus ensuring success in educating students in the nanoscale. As
part of the development of this course, an online resource website will be provide educators a
blog forum to collaborate and discuss developing material. Furthermore, such a site allows for
easy access to literature, laboratory materials, activities, collegiate courses, and virtual media that
are fundamental to the success of this course in the twenty-first century classroom experience.

The following are several key online resources to be incorporated in this course’s
development, all of which contain links to further online resources.

Web Address Material and Significance

http://mrsec.wisc.edu/Edetc/IPSE/educators/ Professional development, communication,
lesson plans




http://www.thenanotechnologygroup.org/index. | Global educational resource for students and

cfm?content=75&Menu=27 educators, including literature, products, and
events
http://www.mrsec.wisc.edu/Edetc/index.html Multimedia resources and virtual labs

http://www.nanoscience.com/education/index.ht | Nanoscience education
ml

http://thenanotechnologygroup.org/docs/Teachi | Example high school curriculum
ng%?20Nanotechnology%?20in%20the%20High
%20School%20Curriculum.pdf

http://www.mrsec.wisc.edu/Edetc/LEGO/PDFfi | LEGO® resources for hands on instruction
les/nanobook.PDF

http://www.nano.gov/html/edu/home_edu.html | National Nanotechnology Initiative; material
for educators, researchers, and news events

The above resources represent a miniscule fraction of resource material available. The
directory of resources will include but is not limited to current research developments,
fundamental principles, virtual labs to demonstrate said principles, educational instructional
materials, current high school courses, and links to government and private corporations. Again,
collaboration amongst educators will continually enhance, refine, and provide new resource
material in the development of this course.

In addition to the resource material online, students and educators today can collaborate
beyond the classroom through the use of video chat conferencing and podcasts. These tools
allow teachers and school the ability of utilizing faculty from multiple disciplines so as to
increase the effective instruction for students. With the diversity of nanotechnology spanning
across many disciplines, the design of the course is topic based. Unlike classes such as
mathematics where there is a consistent building upon previous material, this course will focus
on several small units independent of each other, while connected by the theme of
nanotechnology. Examples of some units are light emitting diodes (LED), smart materials
including shape memory alloys, carbon nanotubes, and microfluidics.

The diversity of faculty participants brings a dynamic element to students not seen
before, thus allowing students to expand their educational growth and experience. Similar to
guest speakers, Exploring the Nanoworld provides the communication database for educators to
seek out colleagues experienced in specific subject matters and bring their expertise into the
classroom. In universities across the globe, each professor has a level of expertise, which lends
to specific research and in-depth course offerings. Today with the technology, we can now bring
this level of organization to the high school level. Educational institutions mostly on the
collegiate level and some on the high school level readily make available recorded class sessions
and live courses to allow for easy access to essential materials. Examples of this can be seen
with the recently created iTunes U from Apple Inc. Interaction is essential to promoting active
learning. Smart Board®, which many schools are familiar using, allow for greater interaction
between students and faculty. Although not essential to the program, schools and teachers
familiar with this resource already see the benefits of this technology.

Collectively utilizing the technology and resources at hand, not only are students actively
participating in a dynamic science environment; they are additionally gaining critical skills for
future endeavors. Independent of career choice, teamwork is a staple of occupational
responsibility. Albeit a lawyer, engineer or teacher later in life, students must continually refine




their teamwork skills to ensure desired outcomes. As such, pulling together the tools of the
program, not only will active learning and research be for educators, but also students will focus
on active and cooperative investigative learning. Nanotechnology does require previous
scientific understanding and as such this course aims at juniors and seniors who have completed
high school chemistry and biology. Participating students will now draw upon their previous
knowledge to focus their class participation and investigation on moving from concept to
application of nanotechnology principles discussed in each previously noted small unit.

As cost is an ever-increasing concern amongst schools, the benefit of this program is in
its design and implementation exists in cyberspace. Because the tools are currently available,
there is a minimal cost to implement this course, while subsequently providing an effective ease
of implementation.

Previous Work:

In the fall of 2003, Dr. Tsung-chow (Joe) Su, a professor of mechanical engineering at
Florida Atlantic University, offered the first nanotechnology elective aimed to introduce
engineering students to Dr. Feynman ‘s “World at the Bottom.” The elective provided the
foundation for future coursework development. Subsequently in a proposal to the National
Science Foundation, Dr. Su sought to expand upon the success of this course so as to offer
further nanotechnology education at the graduate and undergraduate levels.

Following the success of this course, Dr. Su has offered a course entitled Discoveries in
Engineering to high school students in the local community in Boca Raton, Florida.
Incorporating the online materials previously mentioned, Dr. Su emphasizes teamwork through
student directed investigative learning, where students learn to move from concept of principles
to applications in industries such as medicine, automotive, robotics, and electronics. The ease of
implementation and success of this course lend support towards the development of exploring
the Nanoworld cyber course discussed above.

Stemming from current developments in the global scientific community, it is
evident from the dynamic environment caused by nanotechnology that students are in need of
education to effectively prepare them for their nano-future. By creating a collaborative virtual
course, greater numbers of students can be involved while actively participating in this second
Industrial Revolution. Drawing on expertise of faculty around the country and the world,
schools can develop partnerships, promoting teamwork and communication that are essential
skills for high school graduates. Additionally, by initiating programs such as this now during the
early stages of the nanotechnology evolution, the benefits of educating students today will ensure
the continual progression and beneficial development already seen today.
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ABSTRACT

Finding a boat in wind and current is an age old
problem that puzzled many people throughout history.
It is only until recently a simple theory is developed to
allow efficient and accurate prediction of the boat’s
drift trajectory. Such theory could be developed using
simple physics and algebra. In this paper, we will
describe the derivation of the theory that would give
the boat’s trajectory in terms of different types of boat
condition under given wind field and current field.
We will show that the relationship is versatile, and
could be used for practical application. We will
further implement the results in computer animation
setting so that the results can be obtained easily for a
given application. The paper demonstrates the power
of mathematics and technology to solve problem of
boat drift of search and rescue.

Keywords: Boat Drift, Daft Drift, Vessel Searching,
Modeling, and Computer Simulation.

1. BOAT DRIFT AND VESSEL SEARCHING

Search and rescue of persons and vessels in distress on
the high seas requires the capability to accurately
predict the position of the survivors. The vital
importance of search and rescue calls for continuing
effort to improve this capability to the extent
developing technologies will support. The current
approaches on drift prediction are based on an
empirical correlation between wind speed and life raft
motion from limited field data. These results are not
sufficient for accurate prediction, and thus have
limited applications.

The sea surface is a complex and dynamic
environment. Many factors affect the drift of life rafts
and disabled boats so that successful search-and-
rescue missions depend on human intelligence, on the
intuition and insight gained from many years at sea,
and on the engineering tools developed for that task.
With the interest in providing better data for the
computation of drift in search planning, numerous
efforts have been made to determine the effects of the
surface current on a drifting object P11 and the
effect of the wind on a drifting object™'"!, Leeway is
defined as the movement of an object through the

water caused by wind acting on the object. Previous
studies on leeway prediction were reviewed in the
reports by Hufford and Broda® and Nash and
Willcox!!,

While extensive field tests were conducted over
decades to obtain these empirical relationships
between leeway and wind speed, these relationships
were found to be of limited validity and applications.
Several questions still remain. As was pointed out by
Osmer, Edwards and Breitler[m], these problems
associated with leeway prediction are:

l.each type of craft displays different leeway
characteristics;

2.a complex relationship exists between leeway
motion and wind speed for wind speeds less than 5
knots;

3. the adequacy of the present leeway factors of 0.03
to 0.07 remains unknown; and

4. the leeway angle is difficult to predict.

The vital importance of search and rescue calls for
continuing efforts to improve these tools to the extent
developing technologies will support. With recent
progress in  oceanography, meteorology and
environmental monitoring, as well as computers
simulation and animation we will be able to integrate
those technologies to provide a real time system to
forecast the position of an object drifting at sea.

In this paper we present a mathematical model which
models small boat/raft drift for a given environmental
condition. The essential effects of environmental
forces, vehicle characteristics, and load conditions
were properly accounted for through analysis rather
than through correlation. The study is intended to
provide a theoretical framework and Dbetter
understanding of the dynamics of drift and will thus
lead to a reliable model of drift prediction and
improved efficiency in search and rescue missions.

2. PRELIMINARY ANALYSIS
Simplified Formulation
A preliminary analysis was presented which
confirmed the validity of linear leeway formula in

high wind applications, while pointing out the constant
term in the leeway formula was dependent on the



current speed. This explained the limited applicability
of the leeway formula in its present form. For the
general wind speed case, a suitable formula was
derived. Wave effect was examined and found to be of
significance in some cases. We present a model of
steady drift with boats drifting in a linear translation
mode in this paper. A model for general drift problem
will be discussed in following up papers.

Elementary Leeway Formulas

There is nothing more practical than a simple theory.
The intention here is to derive one as such. Forces
exerted on a solid body when fluid flows by it or when
it moves through a fluid are termed the drag and the
lift, depending on whether the force is parallel to the
motion or at right angles to it. The general expression
of the drag force D is

D= %CpAVZ M
in which C is the shape dependent drag coefficient
P is the density of fluid (air or water), A is a frontal

area and V is the velocity of fluid over the object. The
boat is subjected to both wind and current action. The
two actions balance out, and the net force on the boat
is zero: the boat is drifting at a constant velocity, V.
We shall use the subscript “1” for the quantity above
the waterline and ‘“2” for the quantity beneath the
waterline. The wind velocity is V; , the current

velocity is V; , the air density O, , water density 0, ,

etc. The equation of motion is:

1 1
5C1P1A1 (Vl _Vb)2 :;CzpzAz (Vb —Vz)z

@)
Let
(CoA) (Cpohy) = 2
Then,
RWV-v,) =(V,-v,) ©)
Take the square root on both sides, we obtain
AV, Vi) =V, Vs @
We could then obtain
1 A 3)
Vv, = Vv, +—=V,
PTea? " 1+

Therefore, given the wind speed V; and the constant

A (which involves air-water density ratio and ship
geometry), the velocity of the boat can be obtained.

Using additional physics, namely Bernoulli’s
Principle, one could show that the boat will turn its
broadside into the wind; therefore the velocities cited
here are vector quantities.

_ 1 -
V,=——V, +——V,
AT RE Ty

The leeway is defined as the movement of an object
through the water caused by wind acting on the object.

The leeway speed V, can be obtained by subtracting
current speed from the drift velocity, i.e.

2

v, 2

- (%le - (%sz = (%)(Vl -V,)
(6)

=

3. SOLUTION SIGNIFICANCE
We note the following:

1. The expression is in agreement with the
important finding of Chapline™ that the
leeway speed of the small craft without a
drogue is directly proportional to the wind
velocity (at least for moderate to fresh
winds). For a boat of 8 ft. or larger, with a
wind speed of 5 knots (8.44 ft/s) or higher,
the standard atmosphere air kinematical
viscosity of 1.57x10™ ft”/s leads to the
Reynolds  No.  Nz>4.3x10°.  The
corresponding Ny, is expected to remain of
the same order of magnitude. This is
because while current speed is typically one
order of magnitude smaller than the wind
speed, the water’s kinematical viscosity is
also one order of magnitude smaller than
that of air. Thus the applicability of equation
(6) for small craft drift for wind speed of 5
knots or above is justified.

2. The leeway factor “a;”, in the typical leeway
form@dd  of V,=a,+aV, can be

understood as

a = A with A= Cp A
1+4 C,p,A,

In which C,=C, 8 N, =N,, and the
dependence of C to Ny is weak. Therefore:

_ . P4 \/71 )
] p2A2 ? AZ

This may account for the variation of the
present leeway factor from 0.03 to 0.07 for
various types of search targets.

3. Furthermore, in light of this simple
derivation, the constant term “a,” in the
typical field data fitted leeway formula, is
related to the current speed as



A
ay = _mvz =-aV,

From the leeway formula in SAR manual, a
reasonable V, value ranging from -0.3 to 2.4
knots can be inferred. It is obvious that these
field data fitted formula will be of limited
applicability as they will be suitable only to
those areas where the current field is the
same as the site of field test through which
the leeway formula was derived in the first
place. Nash and Willcox!"®! suggested that
the apparent wind (V;-V,) be used in the
leeway formula. This is in consistence with
the above observation.

There are circumstances where Ng; and/or
Ng, are not large enough to justify full
turbulence behavior of constants C; and C,.
This may happen if the wind is of 5 knots or
less. For a more general treatment, the
following functional dependence may be
assumed

-n

C = C;‘Vl -V,

with a similar expression for C,. For full
turbulent conditions , =¢, for the case of

laminar boundary layer flow, n, =1/2 and
as N, <<lLn —1 51 Consider again the

steady drift with co-flowing wind and
current. The force balance leads to

1 " —n, 1 3 —n,
Eﬂ'lz(vl_vb)2 IZEZ'ZZ(VZ_Vb)Z :

or
AV, =V, " =V, -V, ®)
In which

112 :plAlcl‘ and 222 =p2A2Cv2'
While

2
z’=(2jznz and ' =27 ()

Following the usual definition of leeway,
letting V,=V,+V,. equation (8) can then

be written as

V, = AV, = (V, +V)I™" (10)

AS the wind s pd is typically much larger
than the ship drift (V,+V;) the following
expansion is valid

L+n'
Lo +
-1
V

1

= ZVI‘*"{I - (1+n’)V2;VL}

1

Therefore

VL — , ﬂ’ , : Vllﬂf _

1+ A(1+n )V

A+ )WV
— "
1+ A(1+n)V"
an

Aside from the transition range, Ng; and Nk,
are generally of the same order, n; = n,.

Therefore n'=0. Hence, e(@?tion (11) can be
reduced to

A A
Vi=|l—= Vi=| —= WV,
t [1+ZJ] [1+/1J :
A
= —F |V, -V,
(2w
with /l is defined according to (9). For
complekqoyurbulent flow or high Reynolds

Number flow as typically occur in moderate to
fresh wind, n,=0 and as discussed before

172 172
A =["’1A1] z3.5x10‘2[A‘] (13)
pZAZ A2

For laminar flow with moderate Ng, n,=1/2
and

‘: pliAl 2/3z s i 2/3 (14)
k) e

For very low Reynolds Number flow, n,=1
and

ps =["’1A] ]z1.2x10'3[A‘J (15
pZAZ A2

12)



We note that the basic solution (6) can be
generalized to deal with low wind speed case,
provided that the leeway factor A is used
instead of 4.

Wave Effect

Hufford and Broida'® reported that small craft leeway
appears to increase up to about 15% with increasing
sea state. However, the relationship has not been
quantitatively established. Included in this section is a
simple derivation to account for the wave effect on
drift and to assess its significance.

The wave drift force can be expressed by

" w

with g representing acceleration due to gravity, a, the
wave amplitude (which is one-half of the wave height)
and C,, denoting the wave drift coefficient in a
regular wave which is a function of the frequency of
the incoming waves and may reach a value of order of
one in some cases. Including the wave drift force in
the force balance equation (2), and assuming the wave,
wind and current are along the same direction, we
obtained

1 2 1 2 1
EclplAl(Vl -V = EczpzAz(Vb -V,) +5P2gLC2waz =0

16)
This equation can be solved to yield
2
vey YoV (V.=V} @ (17)
C1-2 1-4 -2

Where V, is the solution of equation (16) when a=0,
thus

yl 1
V=" V+—1V. (18)
C1+4 N 1447
and
o= 8LC.a (19)

AG,

For large & , wave effect is considerable as indicated
in equation (17). While for small ¢
assuming g <« v, -V, equation (17) can be reduced to

yield

1 a
V+————
21+ DV, -V)

So that

p) 1« (20)
V, =LV, =V
= 2)+2/1(x4—v2)

For zero a equation (20) reduces to equation (6), as
expected. From (20) it is obvious that the wave effect
on leeway is negligible if

A vyl @D
1+ﬂ« 22(V1_V2)
ie.

2
l(1+/?.j( 1 gLC, a <l

2\ 2 )(v,-v,)} AC,

Since A<<1, V;>>V, and A,~L?, for wave drift to be
neglected

a__(2¢)"Vi-v) 22)
L G, ) s

This condition may not generally be satisfied. It is
therefore concluded that wave drift needs to be
included in the drift prediction model.

4. IMPLEMENTATION

In general, the boat will turn its broadside into the
wind. The fluid dynamics explanation is as follows.
As shown in Figure 1(a), a boat is exposed to wind
with its broadside turned to the wind, relative current
drag counteracts and an equilibrium condition results.
The “S” in the figure denotes the stagnation point at
which point velocity is zero and the maximum
pressure occurs. The Figure 1(b) shows a small
perturbation of the previous condition. The stream
pattern was altered and the location of maximum
pressure shifted, which tends to bring the boat back
with its broadside turned into the wind again.

Figure 1 Flow Pattern and Fluid Forcing

Figure 2(a) shows a condition of ship with its bow
facing the wind. Figure 2(b) shows that a small
perturbation will have a destabilizing effect which will
turn the ship further away from its original
undisturbed position. Thus the boat will turn its
broadside into the wind provided a steady wind
prevails.
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Figure 2 Flow Pattern and Fluid Forcing

With the above elucidation, the sail area A;, and the
keel plane area A, can be defined. With equations (12)
to (15) leeway speed can be expressed in terms of
wind speed and current speed.

However, in practical situations, winds and currents
are neither steady, nor collinear. Current drag contains
several components, such as drags from drogue,
propellers, etc. Waves are irregular. These
complications and other effects need to be accounted
for to achieve a workable model.

A more theoretical framework of the drift prediction
model will be discussed in our forthcoming paper.

A computer simulation model for this mathematical
model was developed with a Java Applet. It is used to

demonstrate the different variables of constant A
(which mainly reflects the ship geometry) on the drift
direction.

5. SUMMARY

A simplified leeway formula was obtained which
offers insight and understanding into the correct
interpretation of empirical correlation formulas
currently available in the National Search and Rescue
Manual. A computer simulation model was developed
to demonstrate this model.
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Abstract—Anyone who has ever purchased frozen meat
with the intent to keep it frozen and eventually thaw it
for future use understands the time that goes into thawing
the meat naturally.

In this paper, a novel product, DefrEase, is proposed.
DefrEase is a defrosting plate with a unique design that
can be used to greatly decrease the amount of time it
will take to defrost a flat, frozen food item, such as a
steak. DefrEase is compared to similar products that are
currently available for common household use.

Such factors as durability, maintainability, ease of clean-
ing, affordability, and manufacturability will be examined.
Analyses are conducted to determine the effectiveness of
the proprosed product.

Index Terms—Defrosting, cookware, DefrEase, heat
transfer, finite deference, food safety.

I. INTRODUCTION

This paper is based on a design problem assigned
in an undergraduate heat transfer course. The prob-
lem involves the design of a defrosting plate that
will be used to speed up the defrosting time of flat
food items such as frozen steaks.

The performance of the design will be evaluated
using the numerical technique called the finite defer-
ence method. Laws of heat conduction, convection
and radiation are used, and are incorporated into
the overall equation for energy conservation. From
there, the design is compared to defrosting plates
that are currently available on the market.

The product must theoretically perform up to
high standards of common-household-use suitabil-
ity. These factors include durability, cleanability,
manufacturability, safety, and affordability.

The remainder of this paper is organized as
follows. In Section II, a formal definition of the
problem is discussed, along with the assumptions
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made when addressing the problem. In Section III,
material analyses and product competitors are out-
lined and defined. Section IV outlines the solutions
for the problem. In Section V, an analysis of the
solution is presented, along with the results of the
analysis. This paper is concluded in Section VI, with
directions for future work.

II. FORMAL PROBLEM DEFINITION

The basic background theory of this problem
deals with the concept that the process of defrosting
flat, frozen food items can be sped up considerably
for items such as steaks by placing them on a large
piece of a highly conductive material known as a
defrosting plate.

The increased surface area for the process that is
granted by the plate enhances heat transfer, thereby
reducing the overall defrosting time.

In this paper, DefrEase - an efficient device
for in-home defrosting - is proposed. DefrEase is
composed of copper with a stainless steel lining for
the perfect combination of high thermal diffusivity
and low reactivity by combining the non-reactive
properties of stainless steel with the exceptional
thermal properties of copper.

The parameters for this assignment are as follows:

1) The plate must perform well, it must be

suitable for purchase and use as a household
utensil, and it must be durable, safe to use,
easy to clean, easy to manufacture, and af-
fordable.
The frozen food is assumed to be at an
initial temperature of -18 degrees Celsius at
the beginning of the thawing process and 0
degrees Celsius at the end, with all of the ice
melted.

2)
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Fig. 1. Problem definition image. This is a graphical representation
of the problem addressed in this paper. The dots with the numbers
represent the various nodes at which measurements will be made
regarding heat transfer.

3) The materials, shape, size, and thickness of
the proposed plate must be specified and
justified via calculations.

The ambient and surrounding surface temper-
ature is set to 20 degrees Celsius, and the
convection heat transfer coefficient is set to
15W/m? % C' in the analysis.

For a typical case, the defrosting time with
and without the plate are determined.

4)

5)

III. PRODUCT ANALYSES
A. Material Selection

Choosing materials was one of the more time-
consuming and educational aspects of this design
project. Not only did a lot of time go into learning
a great deal about specific materials, such as copper,
silver, aluminum, stainless steel and iron; much in
the way of determining which materials were specif-
ically capable of being used for food preparation
was also involved.

There are many factors that go into the selection
of a material when said material will be used in food
preparation due to the issue of reactivity - where a
food will take on the characteristics of the material
used, which can result in altered flavor, or more
seriously, health issues including liver failure and
kidney problems.

12

The most effective materials as far as heat transfer
properties were concerned wound up being the most
reactive, so not did this project involve determining
which materials would be the most effective; it
also involved using a safe material. For DefrEase,
a combination that incorporated the best aspects of
both was designed.

Thusly, this project enables students to delve into
deeper matters of engineering ethics, where our
number one duty as engineers is to “hold paramount
the safety, health, and welfare of the public” [7].

Now, I will include my findings as far as materials
are concerned. The information listed in the follow-
ing items was obtained from the following sources:
(31, [4], [5], [6].

o SILVER
Although silver has the best heat conduction of
any cookware material out there (thermal con-
ductivity is 7 percent better than copper and 82
percent better than aluminum), its exceedingly
high cost makes it impossible to incorporate
into the average family’s cookware collection.
Since cost is a major factor in deciding the
material to use for this project, silver will not
be considered.

COPPER

Copper is a soft (scratches easily) but durable
(will last a lifetime) material that has great
thermal properties. The material is prone to
oxidation but with proper care, it will retain
its beauty indefinitely. Pros of coppper include:
1) High thermal diffusivity, 2) with decent
thickness, pans heat extremely evenly, and 3)
extremely responsive. Cons of copper include:
1) Heavy, 2) can be expensive, 3) can tarnish or
scratch, and 4) cooking directly on copper may
result in undesirable levels of copper intake.

« ALUMINUM

Aluminum is low-cost, light-weight, and ther-

mally responsive but reactive. Teflon-coated

aluminum is low-cost and both non-stick and
non-reactive. Anodized aluminum has been
treated to develop an aluminum oxide (ex-
tremely hard and non-reactive) coating. Pros
of aluminum include: 1) Extremely low cost if
plain or Teflon-lined; moderately-priced when
anodized and 2) great thermal properties. Cons
of aluminum include: 1) Highly reactive to
acid ingredients, 2) lower density may require
thicker construction to increase heat capacity,
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Fig. 2. A comparison of the thermal properties of the materials.

Thermal conductivity is the intensive property of a material that
indicates its ability to conduct heat. Thermal diffusivity is the ratio
of thermal conductivity to volumetric heat capacity. Substances with
high thermal diffusivity rapidly adjust their temperature to that of
their surroundings, because they conduct heat quickly in comparison
to their thermal *bulk’.

3) unless anodized (or lined/clad) may warp

under high heat and scratch, and 4) very ex-

pensive if stainless steel lined or clad.
o STAINLESS STEEL
Mixing steel with chromium and nickel pro-
duces a corrosion-resistant steel called stainless
steel (S.S.)that is both hard and shiny. Disks
of copper or aluminum can be fused to the
stainless steel cookware to enhance its thermal
properties. Stainless steel can also be used
to line or clad copper or aluminum utensils.
Pros of S.S. include: 1) Tends to be relatively
inexpensive, 2)corrosion resistant and easy to
clean, and 3) when fused with thick aluminum
or copper, stainless steel becomes one of the
best materials to cook in (insofar as thermal
properties, durability, ease of care, and visual
control of cooking). Cons of S.S. include: 1)
Plain stainless steel makes for a terrible cook-
ing utensil (in terms of thermal properties).
CAST IRON
Cast iron is composed of iron, carbon, and
trace elements found in common clays. The
iron is melted down and poured into a sand
or clay mold to form the utensil. Pros of cast
iron include: 1) Plain cast iron is low cost and
2) manufacturing process results in thick and
dense cookware for great heat capacity and
very even heating. Cons of cast iron include: 1)
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Fig. 3. A comparison of the durability levels of the materials
discussed. It is clear that stainless steel is the most durable and copper
is the least.

Enameled cast iron can be expensive, 2) high
heat capacity means the utensil takes longer to
heat up, and 3) can crack or fracture if dropped
or thermally shocked (highly-heated material
being placed in an ice bath, for instance).
CARBON STEEL

Carbon steel contains less carbon than cast
iron and is formed and pressed from sheets
instead of being casted. It can be annealed
(heating the metal until its molecular structure
realigns to alleviate internal stresses and then
specially cooled to preserve the new structure)
to form blue/black steel; a harder and less
reactive material. Carbon steel can also be
enamel coated. Pros of carbon steel include: 1)
All variations are usually low cost and 2) fast
seasoning process for carbon steel; enameled
carbon steel and blue or black steel does not
need seasoning. Cons of carbon steel include:
1) Poor thermal properties; slow heat up and
uneven temperature and 2) thin and light, which
results in very little heat capacity.

Based on these findings, it is clear that copper
fully clad by stainless steel is an optimal choice
for the material selection for DefrEase. The copper
layer will be quite thin, lowering the cost, and
the exterior and interior will be durable and easy
to maintain. Additionally, the item will have the
capacity to be moderately-priced, thereby allowing



Fig. 4. Bella Copper’s copper plate.

it to become a common household product.

B. Product Comparison

The main competitor for DefrEase is a prod-
uct designed by a company called BellaCopper[2].
BellaCopper makes high-quality silver and copper
defrosting plates. Since their silver defrosting plates
are extremely high-priced, they are not eligible
for comparison to DefrEase. They do not comply
with the design parameter that the product must be
inexpensive and available for common household
use.

That being the case, it is more suitable to look
at BellaCopper’s copper defrosting plates. Their
copper plates are extremely effective in terms of
efficient defrosting and ease-of-use. They are also
moderately-priced. However, the product in this
comparison is composed of pure copper. This means
there is the issue of high reactivity.

Since safety and health-risks must be taken into
consideration, BellaCopper’s lack of a non-reactive
material to encase the copper implies that their prod-
uct does not meet all of the necessary specifications
for this design problem.

There is another aspect of BellaCopper’s design
that conflicts with the design parameter. Pure copper
tends to scratch easily and requires a good deal of
care. This violates the terms that the product must
be durable and easy to maintain.

Since BellaCopper’s copper defrosting plates fail
to comply with the design parameters, DefrEase
is the superior product. That being so, DefrEase
will not be further compared to BellaCopper, and
the calculations in section IVB will determine how
effective DefrEase is compared to normal, unaided
thawing at room temperature.
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IV. PROBLEM SOLUTION
A. Problem Statement and Assumptions

We begin to solve this problem with a clearer
statement of the problem, its assumptions, and its
variable definitions. Extending upon the problem
statements listed in Sections 1 and 2, the following
information is detailed:

The ambient and surrounding surface tempera-
tures are set to 20 degrees C, and the convection
heat transfer coefficient is set to 15W/m? % C' in
this analysis.

We make the following assumptions:

1) Heat transfer in the steaks and the defrosting
plate is one-dimensional since heat transfer
from lateral surfaces is negligible.

Thermal properties, heat transfer coefficients,
and the surrounding air and surface temper-
atures remain constant during the defrosting
process.

Heat transfer through the bottom surface of
the plate is to be neglected.

The thermal contact resistance between the
steaks and the plate is to be neglected.
Evaporation from the steaks and thus evapo-
rative cooling are to be neglected.

The heat storage capacity of the plate is small
relative to the total heat transferred to the
steaks, and thus the heat transferred to the
plate can be assumed to be transferred to the
steaks.

2)

3)
4)
5)

6)

We may now continue on to the calculations,
wherein DefrEase’s superiority over standard, un-
aided thawing at room temperature is determined.

B. Calculations

We will begin with calculations involving each
independent part of the problem: the steaks, the
plate, and the general calculations.

o General Equations

At = 5s

Tambient = T = 20 degrees C
0=0.01 m

4 = 0.075 m

5=0.1125 m

6 = 0.15 m

r45 = (0.075+0.1125)/2 m = 0.09375 m
r56 = (0.1125+0.15)/2 m = 0.13125 m
« Steak Equations



Definition of Variables

Nt = time step N = number of time steps

Tambient = amhient ternp. C, = heat capacity
T, = finalternp, o = thermal diffusivity
I =radius h = convection heat transfer coefficient
p = density Q = heat transfer
k = thermal conductivity g = emmishvity

tx & Ar= MNodal Spacing

M ae= PV = Thetetal amourt of heat transfer neaded to defrost the steaks
p G = volumetric specific heat

T = E_ Fourier Number

Fig. 5. A table of variable definitions.

p = 970 kg/m3

Cp = 1.55 kJ/kg.*C

k = 1.40 W/m.*C

a=0.93 x 10-6 m?/s = 0.95
hif = 187 kl/kg

e =095
pCp = 1505.38 kW /m3* C
Ax = 0.005 m

Tsteak = 0.186

msteak = 0.257 kg

Qtotal = Qsensible + Qlatent = 55.2 kJ
Plate Equations

k = 362.5 W/m*C

a = 87.39 x 10-6 m?/s = 0.58

pCp = 4148.07 kW/m3* C

Ar = 0.0375 m

Now that basic equations necessary to solve this
problem have been detailed, we will proceed to the
remainder of the solution. This problem involves 6
unknown nodal temperatures, and thus we need to
have 6 equations. Nodes 2 and 3 are interior nodes
in a plain wall. For them we can use the general
explicit finite deference relation, which is detailed
in Fig. 6.

The finite deference equations for the other nodes
are obtained from an energy balance by taking the
direction of all heat transfers to be towards the node
under consideration. These equations may be found
in Fig. 6.

The heat transfer to the steak during a time step
i is the sum of the heat transferred to the steak
directly from its top surface, and indirectly through
the plate. This process is detailed in the equations
found in Fig. 6.
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The general finite deference relation used for nodes 2 and 3.

Gt _TH-T,
k E

el = It = (T + T ) - (- 2007,

The finite difference equations for other nodes are obtained from an energy balance by
taking the direction of all heat transfers to be towards the node under consideration

Node 1: R(T~T V ojunel(T + 278)° ~ (@ 4270 Ty T =y S
- & it 2 M
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K (25 8) 6AF L= (g (7 B)] e :

Node 6: 27 (rsg + 1) /2JAr I 2M(T, - T)) + £, 01(T, + 273) = (I} + 273)* ]} +

non
&

1H 1
Tﬁ 77’6

Fopun (277355

= (P [27 (5 +75)/ 2] (Ar  2)6

The heat transfer to the steak during atime step/is the sum of the hest transferred to the

steak directly from its top surface, andindirectly through the plate, and can be expressed as:

Ol = 205 AT, = T+ o 0T, +273)1 = (T 4279 %1}
+ 20 (g + o) 21CA DT, — T+ 8, 01T + 27307 = (7] +273)°])
(s = r MAT, ~Tih+ 0, 01T, +273)° = (T + 273
AT = T 0 S 01 (T + 2730 = (7L + 27313

Fig. 6. Finite Deference Method Equations.

To determine the defrosting time, we must find
the amount of heat transfer during each time step,
and add them up until we obtain 55.2 kJ (a figure
obtained from the earlier equation where the Qtotal
for the steaks was determined). Multiplying the
number of time steps N by the time step At =
5s will yield the defrosting time. In this case it is
determined to be 245 s. This means that the total
defrosting time, using the DefrEase plate, is 245
seconds, or just over 4 minutes.

V. ANALYSIS AND RESULTS

Based on the results obtained via solving this
problem using the finite deference method, it can
be seen that DefrEase takes just over 4 minutes to
completely thaw the frozen steaks.

Comparing this result to the time it takes to thaw
frozen steaks to room temperature if the steaks
are merely placed on a countertop (no thermally-
reactive properties), we can determine just how
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Fig. 7. A visual comparison of the defrosting times for DefrEase

vs. un-aided thawing.

effective DefrEase is.

Based on a series of independent studies con-
ducted at home, the average defrosting time for the
same size steaks at room temperature was just under
80 minutes. That is 20 times as long as it takes
DefrEase to defrost the steaks.

Moreover, going back to engineering ethics, leav-
ing meat out to defrost at room temperature for an
extended period of time allows for the rapid growth
of harmful bacteria. Although 80 minutes is not
scientifically a long enough time to allow for a full-
blown bacterial infestation, thawing meat at room
temperature still opposes food safety guidelines and
health regulations. Standard food safety regulations
state that you should thaw meats only in the refrig-
erator, microwave, or under cool, running water[8].
Thu