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Abstract

Rapidly changing technology means that graduates of engineering programs need to acquire important qualities of lifelong learning and self-learning to support a through-life ability to respond to advances in technology. Research has shown that the approach that the students take to learn a particular task is an important factor in determining learning outcomes. A surface approach focuses on discrete pieces of knowledge, without attempt to integrate them, learning just the unrelated facts. In contrast, in a deep approach to learning, the student looks for underlying meaning and structure, taking a holistic view. This paper presents a case study of introducing the fundamentals of energy engineering concepts through an integrated and meaningful engineering context, following the basis of deep approach to learning. Basic energy concepts and magnitudes such as pressure, temperature, heat, energy, power, voltage, current, etc. are well treated in modern engineering textbooks from the point of view of logical and mathematical development of concepts. The role of the teacher in helping the engineering students to construct these concepts for themselves is not to repeat the same scheme of the textbook but in presenting them within the engineering context that many of these concepts are useful now. The paper presents one example of material elaborated on energy concepts that, based in a deep approach to learning, can be used in traditional lectures (posters, documents, …) as well as in Learning Content Management Systems LCMS (multimedia, e-materials, …) for e-learning and b-learning in introductory engineering sciences courses. The material includes historical and modern aspects of the use of the concepts, transversal links with other engineering topics and the utmost importance of engineering evolution in creating new scientific developments. The material has been developed to be used in introductory courses of mechanical and electrical engineering at the University of Burgos, but can be also transferred to any other Faculty of Engineering.

1.
Introduction
Research has shown that the approach that the students take to learn a particular task is an important factor in determining learning outcomes [1]. A surface approach focuses on discrete pieces of knowledge, without attempt to integrate them, learning just the unrelated facts. Students who see learning as increasing knowledge or memorization, that is, who see the process of learning as external to themselves, tend to use surface approaches and their focus is on satisfying assessment requirements. In contrast, in a deep approach to learning, the student looks for underlying meaning and structure, taking a holistic view. Such students see learning as an internal process, one that involves them acting upon the material in order to give it some meaning to themselves, learning the facts in relation to the concepts. That means that learning involves the construction of knowledge and that learners must actively seek to make meaning from their experiences by relating new information to what they already know. An important thing to note here is that the approach to learning is not a fixed characteristic of an individual [2], thus it is incorrect to speak of deep and surface learners. Rather, all learners are capable of using both deep and surface approaches, and it is their perception of the demands of a task that largely determines which approach they actually use. Rapidly changing technology means that graduates of engineering programs need to acquire important qualities of lifelong learning and self-learning to support a through-life ability to respond to advances in technology.
By the way, some studies in the field of engineering education [3, 4] point out that one of the future trends will be the greater utilization of information and communication technologies (ICT) in ways that improve teaching and learning. It is expected that such ICT will increase accessibility of students to engineering programs and allow students greater flexibility in terms of how, when and where they study. These ICT would be used in undergraduate programs as well as in postgraduate programs and engineering lifelong learning, as long as this technology can be used to accomplish pedagogical goals. The only theoretical presumption is that educational outcomes would determine the selection of teaching delivery media.

This paper presents a case study of introducing the fundamentals of energy engineering concepts through an integrated and meaningful engineering context, following the basis of deep approach to learning. Basic energy concepts and magnitudes such as pressure, temperature, heat, energy, power, voltage, current, etc. are well treated in modern engineering textbooks of Thermodynamics, Heat Transfer or Electrical Circuits from the point of view of logical and mathematical development of concepts. The role of the teacher in helping the engineering students to construct these concepts for themselves is not to repeat the same scheme of the textbook but in presenting them within the engineering context that many of these concepts are useful now. 
The paper presents one example of material elaborated on energy concepts that, based in a deep approach to learning, can be used in traditional lectures (posters, documents, …) as well as in Learning Content Management Systems LCMS (multimedia, e-materials, …) for e-learning and b-learning in introductory engineering sciences courses. The material includes historical and modern aspects of the use of the concepts, transversal links with other engineering topics and the utmost importance of engineering evolution in creating new scientific developments. Materials have been developed to be used in introductory courses of mechanical and electrical engineering at the University of Burgos, but can be also transferred to any other Faculty of Engineering.

2.
Units in energy engineering
Figure 1 shows the appearance of the introduction section to SI Units one can find in any engineering textbook of physics, mechanics, electricity, fluid mechanics or thermodynamics. This typical section uses to be placed in the first chapter of any of these textbooks. Presented in this way, Units seem to be created by an international board of experts which lay down rules for the base units, the derived units, the prefixes and other matters. The base units are a choice of a set of well-defined units which by convention are regarded as dimensionally independent. Derived units are those formed by combining base units according to the algebraic relations linking the corresponding quantities. 

Therefore, engineering students usually think that the SI system and the decimal metric system have only to do with the fundamentals of physics, weakly linked in their memories with two platinum standards representing the metre and the kilogram, which can be seen in Paris. Many often, Unit analysis is only used to evaluate equations to determine whether they are physically sensible, having the same units for each term.
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Figure 1. Traditional SI Units introduction section

In early stage energy engineering and related courses (Thermodynamics, Heat Transfer, Electricity, …) derived magnitudes such as pressure, temperature, heat, energy, power, voltage, current, etc. are also introduced following this scientific criteria, even in advanced lessons on the corresponding topic. Very rarely, there is a footnote to introduce some historical aspect of the unit, as for example the reference of the scientist in which honour the unit was named. This method has nothing to do directly with engineering concepts and developments, or with professional tasks that deal with measurement techniques. 

For example, think about the power SI unit, the watt. At least some students will recognise that the name of the unit corresponds with the name of James Watt. Was really James Watt the scientist who defined the unit? Where was he from? If you ask your students how old is the definition of the unit, the most you could get as response is the age of the Industrial Revolution. Another hidden question for the student is the reason why there are so many unit options for the same magnitude, and the difficulty he founds to perform unit conversion (kcal/h, hp, etc.). Finally, from time to time, the teacher states that the SI unit is not used very often at industry, because its size does not fit very well real size of power devices…

In fact, we are losing the opportunity to introduce relevant engineering concepts and practices when teaching units only from this point of view. The systems of measurement that were born close to experience were deeply significant, because by means of the measure they established a dialogue between the man and the nature. The significance of the traditional measures, that constitutes one of his more outstanding virtues, was also the reason for the metric chaos, since the significance means comports the multiplicity of units. The pattern of measurement can be established into two forms. One, from the man or the human activity, which gives origin to the functional units (example: foot). Another option is by means of abstraction, designing the unit by the community agreement. In this case, we are in front of a conventional unit (example: metre). With the aid of the ICT and the Internet, and following with the example of the power unit, we propose to introduce first the definition of horsepower as significant unit with the aid of an interactive multimedia tutorial. After, the link with the SI power unit, the watt, will be established following the historical sequence:

1. J. Watt defined in 1809 the horsepower unit with commercial purposes.

2. C. W. Siemens defined in 1882 the watt as the electrical measure of power (1 watt = 1 ampere x 1 volt)

3. Only from 1948, the definition of the watt as SI unit was adopted by the Bureau International des Poids et Mesures ( 1 watt = 1 joule/second)

This integrated approach has some early advantages for engineering students:

a) It integrates from the beginning the teaching of scientific topics with engineering development of science.

b) It allows the teacher to teach the scientific topic more closely to reality of engineering context.

c) The ICT and the Internet allows the teacher to link easily the specific topic with other related topics of engineering curricula. 

The integrated approach described in the previous paragraphs has been taken to develop some multimedia tutorials in the field of energy engineering. The initially selected magnitudes have been: pressure, temperature, heat, energy, power, voltage and current. All of them have some common features:

· Their origin is related directly to energy concepts (science)

· Their origin is directly linked with energy devices and engines, engineers and scientist.

· Historical aspects of its development are nowadays very well founded and easy to access through the Internet

· Energy consumption (heat, electricity) is a critical factor for industry development and sustainability

· Its measure (uncertainty) is very often related to industrial quality control and management systems.
3.
The integrated multimedia tutorial on power units
In this section we present as example the multimedia tutorial on the power unit, the horsepower. The multimedia tutorial on power units was conceived as a helping learning task. The editor of this tutorial (exe.exe, eLearning XHTML editor) is a desktop authoring environment to assist teachers and academics in the creation of web content. The editor includes a range of pedagogical forms, e.g. objectives, advance organizers, and learning activities (text, videos, questionnaires, wikis, etc.), which constitute the equivalent of the 'teacher talk' in content resources designed for online learning. 

As any other multimedia, it can be used for e-learning and b-learning through any Learning Content Management System that provides a framework for learning and teaching. The previous experience of the authors in international e-learning training actions [5] has been very profitable for this new project. Figures 2 and 3 present some screens of the multimedia tutorial.
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JAMES WATT (1736-1819) improved the steam engine and defined his qualities in a commercial and clever
form. Since the steam engine had to compete, at that time, with the horse like source of energy, he decided to
use the horse as unit of measure. Was there a better form to present the steam engine qualities that indicating
the number of horses that it could substitute?
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The idea not only was brilliant but the resultant unit, the "horsepower”, was deeply significant for his
fellow citizens. The only question missing was to find the numerical equivalence to achieve it.

Watt supposed that a standard ‘horse’ could pull 180 pounds and determined that a horse could turn a mill
‘wheel 144 times in an hour (or 2.4 times a minute). The wheel was 12 feet in radius; therefore, the horse
travelled 2.4 x 217 x 12 feet in one minute.

1 HP (Watt) = work/time = force x distance/time =
(180 Ibf) x (2.4 x 2p x12 ) / 1 min = 32,5672 ft Ibfimin

The result was rounded to 33.000 ft-Ibffmin or 550 ft-Ibfisec. The formal definition of the horsepower was
published in 1809.
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Figure 2. Multimedia tutorial on power units (I). (a) Watt’s definition of horsepower unit with historical pictures. (b) link to YouTube screaming video of James Watt. 
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In the right figure, detail of the steam engine of Watt, with separate condenser. Around the cylinder
(a) there was a cover (b} in which the steam entered by the hole (c). From there, the steam passed
to the cylinder through a tap. The air expelled from (a) passed from the condenser (e) through the
valve (d). When the cylinder was entirely fill of steam, the tap was closed and the stroke of the bomb
(f) was raised up manually. The steam that entered the condenser (e) condensed immediately since
50 much (e) as (f) were immersed into cold water. When creating vacuum, the stroke (g) raised up

Down, in big, the called Watt machine of Cormwall, with separate condenser. (a) is the boiler tube.

The steam condenser of James
Watt
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Watt defined the horsepower but no the unit of power of the International System, the watt (W).

During the 19th century the use of dynamos to generate electricity and those of electrical engines to transform the
electrical power in mechanics became generalized. The need of a unit of power related with the electrical
magnitudes (volt, ampere, ohm) was increasing along the years. In 1882, the German electrical engineer Carl
Wilhelm Siemens (1823-1883), president of the British Association, proposed the adoption of the watt unit:

1 watt = 1 ampere? x 1 ohm = 1 amnere x 1 voit

The international recognition of this unit was attained before finalising the 19th century. Simultaneously, the British
Association had proposed the joule (J) as unit of the energy and the work in 1888.

From 1908 until 1948, the definition of watt was still related to the electrical units. From 1948, the definition of watt is
based in the joule of energy:

1 watt = 1 joule/second
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If in the early years of the automobile it was easy to identify the HP with a real horse, and we can imagine us to these
animals throwing of the steam automobile of Richard Trevithick in 1801, that hardly could go up a slope, or of the gas-
engine car patented by Karl Benz in 1886 of 0,75 HP, we hardly imagine 1001 horses throwing of the Bugatti Veyron in
2010. The first motor vehicles kept the structure of horse carriages in which the horse was substituted by an engine. The
horse was a suitable unit, significant. Nowadays, the HP has lost any relation with the real horse and is pure convention.

i Karl Benz gas engine

Karl Benz patent,
1886

Karl Benz

From Wikipedia, the free encyclopedia
Jump to: navigation, search
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Horsepower

From Wikipedia, the free encyclopedia
Jump to: navigation, search
“hp" redirects here. For other uses, see HP (disambiguation).

Horsepower (HP) is the name of several units of measurement of power. The most common definitions equal between 735.5 and
750 watts !l Horsepower was originally defined to compare the output of steam engines with the power of draft horses. The unitwas
widely adopted to measure the output of piston engines, trbines, electric motors, and other machinery. The definition of the unit varied
between geographical regions. Most countries now use the Sl unit watt for measurement of power. With the implementation of the EU
Directive 80/181/EEC on January 1, 2010, the use of horsepower in the EU is only permitted as supplementary unit.

“The defintion of the horsepower also has varied between different applications

The mechanical horsepower, also known as imperial horsepower, of exactly 550 foot-pounds per second is approximately equivalent
10745.7 watts.

The meftric horsepower of 75 kaf-m per second is approximatsly equivalent to 735 499 wats.

The boiler horsepower s used for rating steam boilers and is equivalertto 34.5 pounds of water evaporated per hour at 212 degrees
Fahrenheit, or 9,809.5 wats.

One horsepower for rating electric motors is equal to 746 wats.

Continental European electric motors used to have dual ratings, using conversion rate 0.735 KW for 1 HP.

The Plerdestarke PS (German translation of horsepower) is a name for a group of similar power measurements used in Germany
around the end of the 19th century, all of about one metric horsepower in size 213

« The Royal Automobile Club (RAC) horsepower or British tax horsepower is an estimate based on several engine dimensions.
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Figure 3. Multimedia tutorial on power units (II). (a) link to YouTube screaming video of Watt’s steam engine and interactive picture of the condenser (b) definition of watt unit by C. W. Siemens and link to the Bureau International of Poids et Measures website (c) comparison of the unit significance with respect Karl Benz patent (1886) and Bugatti Veyron (2010), including wiki of K. Benz (d) wiki of the horsepower unit with related links and literature references.
The learning objective of this multimedia tutorial was to broad the scope of energy and power topics content and to present the information in an attractive and interactive way, in order to engage the student with the topics. Though the relevant engineering content of the course will be included within the corresponding text of reference, the multimedia tutorial is intended to allow students to go more deeply into the specific topic and to integrate scientific concepts with engineering practice. Links to very well known free Wikipedia articles on power units provided suitable further reading on the topic, the use of them depending on the previous background of the student. Available technical or scientific video on steam and internal combustion engines were included to foster the interest of students in energy systems. Tests and quizzes were intended to promote self assessment.
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