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ABSTRACT

Laboratory experiments are a vital part of engineering education, which
historically were considered impractical for distance learning. In view of
this, the proposed book presents a guide for the practical employment of
a heat transfer virtual lab for students and engineers. The main objective
of our virtual lab is to design and implement a real-time, robust, and scal-
able software system that provides easy access to lab equipment anytime
and anywhere over the Internet. We have combined Internet capabilities
with traditional laboratory exercises to create an efficient environment to
carry out interactive, online lab experiments. Thus, the virtual lab can be
used from a remote location as a part of a distance learning strategy. Our
system is based on client-server architecture. The client is a general pur-
pose java-enabled web-browser (e.g. Internet Explorer, Firefox, Chrome,
Opera, etc.) which communicates with the server and the experimental
setup. The client can communicate with the server and the experimental
setup in two ways: either by means of a web browser, which runs a dedi-
cated CGI (Common Gateway Interface) script in the server, or using the
LabVIEW Player, which can be downloaded and installed for free. In both
cases, the client will be capable of executing VIs (Virtual Instruments)
specifically developed for the experiment in question, providing the user
with great ability to control the remote instrument and to receive and pres-
ent the desired experimental data. Examples of this system for several
particular experiments are described in detail in the book.
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transfer, heat transfer laboratory experiments, HT-30xc CGI (Common
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CHAPTER 1

INTRODUCTION

The objective of this project is to design a user-friendly and efficient
system for interactive, online operation of remote education laboratory
equipment and experiments utilizing the Internet. This chapter intro-
duces the concept and short history of Virtual Laboratory and discusses
its needs and advantages. As a part of the requirements analysis for the
Virtual Lab project, we touch upon topics such as the overall system
architecture and model hierarchy, role design, and web user interface
design. This chapter lays the foundation for the rest of the book.

1.1 HISTORY OF DISTANCE LEARNING AND
CONCEPT OF VIRTUAL LAB

During the last decade, we have witnessed rapid developments of com-
puter networks and Internet technologies along with dramatic improve-
ments in the processing power of personal computers. These developments
make interactive distance education a reality. By designing and deploying
distributed and collaborative applications running on computers dissem-
inated over the Internet, distance educators can reach remote learners,
overcoming the time and distance constraints.

Besides the necessary theoretical base provided by lectures and writ-
ten materials, hands-on experience provided by physical laboratories is a
vital part of engineering education. It helps engineering students become
effective professionals. It not only provides students the knowledge of the
physical equipment but also adds the important dimension of group work
and collaboration. However, laboratories are expensive to setup, to main-
tain, and to provide long hours of daily staffing. Due to budget limitations,
many universities and colleges can provide only limited access to such
physical equipment. Therefore, it is imperative to enable remote access to a
physical laboratory, as part of either an onsite or distance-learning course.
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Students like it better it given a chance to collaborate in small learning
groups. They are more motivated if they are in frequent contact with the
instructor. Therefore, the incorporation and reinforcement of collaboration
and interaction to support real-time video and audio communication are
becoming important features of remote laboratories. The objective of this
project is to design a user-friendly and efficient system for the interactive,
online operation of remote education laboratory equipment and experi-
ments, utilizing the Internet. Our goal is to introduce a remote lab design
that is simple, scalable, and flexible enough to allow users, who may not
be computer experts, to use the system to conduct virtual experiments.
The particular focus of this work is the design of a real-time, robust, and
scalable software system for use in thermodynamics courses 1o provide
students with hands-on experience with a heat transfer experiment for
them to compare measured characteristics with theoretical predictions and
reflect on discrepancies, limitations, and design constraints. The system
must run 24 x 7 to allow students to access it round the clock.

The heat exchanger unit used was a general-purpose service unit,
designed by Armfield Ltd, which supplied facilities and infrastructure
and was used in conjunction with a range of small-scale accessory equip-
ment for carrying out specific experiments involving heat exchangers.
The service units are operated and controlled via LabVIEW software on
a computer that, in turn, functions as a server with LabVIEW software
and that enables monitoring and control of the experiment on the Internet.
For remote operation of the experiment, it requires a browser and plug-in
that supports the Java 2 Runtime Environment (or the preceding) and the
LabVIEW 7.0 (or the preceding) Runtime Environment.

1.2 WHAT IS VIRTUAL LAB?

The main objective of a Virtual Lab is to design and implement a real-
time, robust, and scalable software system around laboratory equipment
that provides a “learner™ an easy access to the lab equipment anytime and
anywhere over the Internet.

The Internet offers interesting possibilities for disseminating educa-
tional material to students, both locally and as part of remote education.
Laboratory experiments are a vital part of engineering education, which
have so far been considered impractical for distance learning. However,
recent advances in Internet technologies and computer-controlled instru-
mentation presently permit Internet-based techniques to be utilized for
setting up remote laboratory access. Also, the use of Internet and studio
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classrooms is an emerging trend for promoting “individual discovery™ as
a strategy for enhancing engineering education.

Here, we describe how these techniques can be combined with tradi-
tional laboratory exercises to create an efficient environment for interac-
tive online operation of lab experiments over the Internet, to be used either
in a studio setting or from a remote location as part of a distance-learning
strategy. Our system is based on client-server architecture. The client
is a general purpose java-enabled web browser, for example, Internet
Explorer, Firefox, Chrome, Opera, and so forth. Web browsers commu-
nicate with the server and the experimental setup. In some cases custom
desktop software can be used as a client.

Previous versions of remote lab were based on a transmission con-
trol protocol/Internet protocol (TCP/IP) solution, which used Java applet
technology on the client (i.e., student) side. This was achieved by virtue
of a Java virtual machine (JVM) in the web browser that could download
and execute Java applet code. The client would see a pop-up window that
provided interaction and communication directly with the server. How-
ever, unsigned applets make it tough for the client to store and present
the measurement data, and to transfer them to other applications (except
by “cut-and-paste™) because of Java's security structure. An intermittent
problem with Java applet is that the functionality of an applet may vary
between different browsers.

The LabVIEW software from National Instruments ofters an inter-
esting solution for measurement and control system. It also provides the
desired Internet access to the lab, out of the box. It has the following inter-
esting features:

I. Graphical programming

2. Simplicity in design

3. Acquire and save the measurements and readings for further analy-
sis in various file formats including xls, csv, txt, and so forth

4. Stand-alone instrument control through vendor-specific or generic
plugins

S. Automated tests and validation system

In this solution, the lab-side server runs a “full version™ of LabVIEW,
which incorporates Internet communication capabilities and functional-
ities 1o access/control instruments and to acquire/output data. The client
can communicate with the server and the experimental setup in two ways:
either by means of a web browser, which runs a dedicated Common Gate-
way Interface script in the server, or by using the LabVIEW Player, which



4 o HEAT TRANSFER VIRTUAL LAB

can be downloaded and installed for free. In both cases, the client will be
capable of executing virtual instruments (VIs) specifically developed for
the experiment in question, providing the client with great ability to con-
trol the remote instrument and to receive and present the desired experi-
mental data. The other solution seeks to exploit the additional functionally
of the recent browsers, enabling the server system to respond in many
different formats, such as JavaScript, HTML, or eXtensible Markup Lan-
guage (XML), which gives the client great flexibility in storing, process-
ing, and presenting the data received. This is achieved by creating web
solutions based on either the information server application information
interface (ISAPI) server extensions, or on a component object model with
extensions (COM+) solution at the lab side.

1.3 ANALYSIS OF PROJECT REQUIREMENTS

The project intends to increase its student base through online education
aimed at fulfilling the needs of remote students. Remote students need
time flexibility, instant guidance, and feedback. This project intends to
design a system around virtual labs to achieve exactly that in a perfect
pedagogical approach. The project places great emphasis on laborato-
ries that account for approximately 40 percent of program content. The
distance-learning program must continue to offer the same quality of
interaction with the faculty and the laboratory that it now offers its onsite
students. Remote laboratories have been successfully used in electrical
engineering education to interact with spectroscopy, measurements, and
control systems laboratories. The same is to be achieved for mechanical
engineering students.

This book describes the pilot version of a remote interactive lab-
oratory that is used for thermodynamics laboratories by students from
remote sites. In a remote delivery scenario, it is important that the deliv-
ery mechanism, laboratory course content, and instructional design be
tailored to

1. Model an active remote-learning environment that engages the stu-
dent in achieving learning outcomes

Model a collaborative environment for group interactions

Design appropriate roles for supporting the collaborative environment
Provide unambiguous feedback and instant guidance to the students
Match the characteristics of the media (delivery medium) to spe-
cific learning outcomes and processes
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