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Abstract 
The adaptation of the engineering degrees to the European Higher Education Area (EHEA) motivated 
strong changes in the teaching process in order to enhance the experimental learning. On the other 
hand, the widespread availability of laptops, cellphones and internet for students, which are nowadays 
used in their daily work to perform calculations of certain level and communicate, have made of these 
devices their main tools for the solution of problems and the exchange of information. Most of the 
Chemical Engineering laboratory courses are necessarily face-to-face due to their experimental 
nature. Until now, the students received some notes that they had to study before carrying out the 
experiments. Although they were useful, the system could be improved to enhance the learning level 
of the students in these experimental lessons. This contribution summarizes the adaptation and 
updating process of the Heat Transfer course currently taught on the 2nd year of BsC Chemical 
Engineering, University of Malaga, what has been performed by including the use of new Information 
and Communication Technologies (ICT) through different computer tools (Excel spreadsheets, Matlab 
routines) and the inclusion of images and animations. 
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1 INTRODUCTION 
The widespread availability of mobile electronic devices and the growing demand of technology skills 
on the labor market have motivated the implementation of Information & Communication Technologies 
(ICT) in Education during the last decade. Nowadays, people use several devices daily, and it is quite 
common to switch between them while working, what points out that chosen device depends on the 
location. Extensive research performed in OECD (Organization for Economic and Co-operation 
Development) countries revealed that, even though the introduction of technology alone is not enough 
for changing the teaching and learning process, the use of ICTs enables teachers to transform their 
pedagogical practices, so that the focus of the learning process is shifted from the teacher to the 
learner, what has a positive impact on the student achievement. The implementation of ICTs can 
range from minor enhancements of pedagogical practices (traditional methods are replicated in 
electronic devices) to huge fundamental changes (new pedagogical methods are included in the 
curricula) [1]. Lots of researches about the use of ICT for learning reports that, when ITC and effective 
teachers are combined, they have a strong impact in education on i) what is learned, ii) how it is 
learned, iii) when and where learning takes place, iv) who is learning and who is teaching [2]. 

Moreover, mobile technologies can expand and ease educational opportunity windows for learners 
with quite diverse circumstances. UNESCO defined mobile learning as “the use of mobile technology, 
either alone or in combination with other ICT (Information and Communication Technology), to enable 
learning anytime and anywhere“, whereas mobile technology is said to be “digital, easily portable, 
usually owned and controlled by an individual, rather than an institution, can access the internet, have 
multimedia capabilities, and can facilitate a large number of tasks, particularly those related to 
communication” [3]. ICT along with mobile technology allow that the learning process takes part in 
different places. Thus, wider time windows are opened for the learning process, the relevance of self-
motivation increases, and the capacity to take decisions with autonomy is enhanced. The latest 
generations of university students require that new teaching approaches are adapted to be matched 
with their vehicular tools, meaning that laptops, tablets, smartphones and other electronic devices 
should be regarded as tools that enable the learning process everywhere, while allowing the pace of 
the learning process to be adapted by each specific subject. 

In virtual labs, students are encouraged to develop the skills taught in the course by practicing them in 
a challenging scenario. This is usually achieved by preparing graphical user interfaces (GUI) where 
computer programs offer a virtualized version of a laboratory setup, where students can observe how 
their choices about the experimental conditions can modify the outcome of the practice. Simulation of 
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processes, development of prototypes, video games and other approaches can be taken for achieving 
this goal. The virtual experiment eases the learning process by allowing countless repetitions of the 
practices. It also allows the student to propose extreme experiences without taking any risk and at 
reduced cost, helping them to understand the physical restrictions of the laboratory. In specific 
scenarios, the virtual laboratory can be opened to the student in order to allow them to modify the 
setups, encouraging their creativity by the elaboration of new practices [4]. 

In addition to this, there is a growing demand for increasing the share of technology skills in Chemical 
engineering degree. MATLAB is probably the most utilized software platform owing to the combination 
of both specialized tool packages for a wide range of engineering applications and a smooth learning 
curve, which allows beginners to interact with the software through a graphical interface, while 
experienced users can deepen in their subjects by using the dedicated high-level programming 
language. MATLAB is highly recommended for dealing with simulation, modelling, optimization, control 
and process design problems, so that is especially well suited for the deployment of virtual 
laboratories. Learning MATLAB implies the development of programming skills, and this outcome is 
highly valued in both the academic and industry fields. These features help to understand the 
considerable attention paid to increasing the share of MATLAB use in chemical engineering degrees 
[5]. However, the Degree of Chemical Engineering as taught in most of the high education centers in 
Spain circumscribes the MATLAB teaching to courses devoted to control design, where the Simulink 
package is regarded as the vehicular tool. MATLAB can be also found as a complementary tool in the 
first-year course about ICT use and also in the numerical methods for mathematical modelling in 
chemical engineering second- and third-year courses. As can be seen, virtualization of laboratories 
through the development of MATLAB apps and graphical interfaces is a pending subject on this 
degree. 

2 METHODOLOGY 
Heat Transfer is a 2nd year course from the Chemical Engineering degree that is currently taught at the 
University of Malaga. It is a first semester, compulsory course involving 6 credits, meaning that 
students receive 60 contact hours with the teacher and are expected to work and study independently 
in this subject for 150 hours. Teaching methods includes lecture, problem solving and self-reliant study 
activities. The content of the course involves learning about the principles of heat transfer. Steady and 
transient heat conduction, radiative heat transfer, convective transport of heat in laminar and turbulent 
flows, between other concepts, are introduced in order to enable the analysis and design of 
thermochemical units involving heat and energy transfer processes. Special emphasis on the 
development of the ability to solve industrial oriented heat transfer problems of engineering 
significance is given. 

Even though one third of the teaching hours are regarded as practice, the course has not included 
laboratory practices in the last years due to time limitations. The teaching staff of the course is 
currently introducing new methodology in order to warrant a higher success in the learning process of 
the students. Thus, spreadsheet files and chemical engineering dedicated software packages 
(ASPEN, UNISYM) are utilized during problem solving sessions. Given the high satisfaction of the 
students with these sessions, the teachers have been moved to introduce more ICTs in the classroom. 

The proposed methodology is based on the progressive insertion of MATLAB graphical user interfaces 
on practical sessions. Students work in these GUIs during two lessons, and at the end of the lesson 
the teacher challenges the students to gain points in an achievement mechanism by completing tasks. 
APPs are currently being developed by the authors to make them fully compatible with MATLAB 
Online, enabling that those students that cannot currently work at home because of the lack of a 
laptop with enough hard drive memory and CPU/RAM capacity. This feature allows the students to 
access MATLAB from any standard web browser, no matter the electronic device. It enables 
document sharing and collaborative development just using the student license. MATLAB Online 
through APP design allows to increase consistency, since the App is robustly replicated across any 
device types in terms of App’s core features and content. Moreover, it would allow a continuous 
learning, since the student can shift between devices smoothly. 

The interactive simulations (currently as GUIDEs, and soon as Apps) will be available through the 
virtual campus prior to the start of the dedicated lessons. So that, the student before starting the 
session will have knowledge about the system, its mechanism and the theoretical fundament. Thus, 
the old printed notes are replaced or complemented by an interactive guide. The interactive 
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simulations constructed on these sessions are in fact a migration of the old hand-on laboratory 
practices. The following experimental systems were simulated: 

- Tube bundle heat exchangers 
- Heat transfer by unidirectional conduction in solids 
- Concentric tube exchangers associated in series 
- Numerical and analogic resolution of the heat conduction equation 

The simulations allow the modification of parameters of the tests, such as conductivity, diameter, flow 
or initial temperatures, showing thermal profiles according to the equipment geometry and the time 
evolution. These simulations create scenarios that allow the teacher to challenge the students to 
elaborate specific outcomes, what can trigger the meaning production. Thus, the teacher can develop 
an award system in which students obtain points for completing several tasks. Some of them can be 
implemented also by controlling the time. In this sense, student-response apps as Kahoot! can be 
employed as a complementary tool in order to track automatically the award system. As an example, 
students can be asked to achieve a specific temperature in the outlet of a heat exchanger system by 
changing the fluid, the flow rates, the size and even the materials. For advanced courses, where 
MATLAB have been regularly utilized during the degree, they can be challenged for changing the code 
in order to deploy parallel tubes or even to introduce optimization routines for the estimation of the 
heat exchanger parameters. 

The simulations have been therefore designed to be used at three levels in an increasing degree of 
complexity.  

1st  level: it is an interactive practice guide.  

2nd  level: it is a tool for solving exercises, since the students learn to modify the parameters that 
control the behaviour of the system to figure out simple optimization problems.  

3rd  level: it allows the acquisition of skills in the field of programming, since they can modify the 
routines, implement new ones and even migrate them to the different software used during the 
course. 

3 RESULTS 

3.1 Preliminaries 
Even though 2nd year students have been formally introduced to Matlab in the ICTs for engineering 
first-year course, it is recommended to refresh the students with the basics of Matlab programming in 
order to enhance the success of this proposal. Lots of Matlab guides for beginners are available 
online, and the teacher can link them for the students. In addition, it is highly recommended to prepare 
a basic program with examples of the code that students could be later find in class. It is mandatory to 
refer the students to the Help tool so they will gain self-confidence when working independently. The 
recommended content that should be covered in the refresh and update session is i) Definition of 
variables and workspaces ii) Basic operations with matrices and vectors, iii) Definition of functions, iv) 
Data handling, v) Data plotting vi) Ordinary Differential Equation solvers, vii) GUI and App Designer, 
emphasizing the callback functions, handles, extracting data from tables and setting properties of 
objects. It is quite common that students are familiarized with points 1 to 5, so the teacher should put 
more emphasis in the remaining items. As for textbooks, it is suggested to follow Beers’ textbook, 
Numerical Methods for chemical Engineering, Applications in Matlab [6] as a supplementary material 
for the students. Some important issues about proper code programming that are largely missing for 
other textbooks and guides, such as the importance of sorting of the elements on algebraic matrices 
for the improvement of memory allocation, are clearly presented on it. 

3.2 First session 
In this session, two Matlab GUIs are provided to the students to illustrate heat transfer concepts 
derived from the heat mass balance. These GUIs were motivated from two old laboratory practices 
that took long times to acquire meaning and reproducible data, what forced their removal from the 
hands-on laboratories. Figure 1 and Figure 2 present the corresponding model practices and confront 
them with the current Matlab GUI, for what a screen capture is provided. 
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Figure 1. Heat transfer by unidirectional conduction in solids hands-on laboratory practice  

vs virtual laboratory version. 

In order to describe how the session takes place, students working with the GUI shown in Figure 1 can 
estimate heat flow rate through different solids. The GUI can solve the temperature profile along a 
cylinder both in transient and steady state conditions. By selecting the thermocouple position, the 
student can registrate the temperature profile vs time at different points. Up to three solids made with 
different materials can be combined by any order in the cylinder. The virtual laboratory allows to store 
data in Excel. Students will be encouraged to generate spreadsheet files and share the data to other 
students, who must discover the composition of the cylinder who generate that data. Since they have 
been already introduced with heat mass balance, they can estimate the heat conductivity of different 
materials. The teacher can finish the session introducing the optimization tool from Matlab, so that 
advanced students can try to use it for the estimation of the heat conductivity parameter of a cylinder 
from a temperature profile.  
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Figure 2. Numerical and analogic resolution of the heat conduction equation hands-on  

laboratory practice vs virtual laboratory version 

In the case of the virtual laboratory about numerical and analogic resolution of the heat conduction 
equation, the students can configure a wall section of a chimney. Size and materials can be changed. 
The number of nodes and temperature of the internal and external section are also selected. The 
temperature profile in the wall is then solved in accordance to the configuration chosen by the student. 
Data regarding the heat flow on the surface of the wall is also provided. The virtual lab allows to check 
how the accuracy of the profile is affected by the number of nodes. The teacher can ask the advanced 
students to develop a Matlab m-file based in the finite-difference method that solves the temperature 
profile along the height of the chimney. 
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Figure 3. Concentric tube exchangers associated in series hands-on laboratory practice  

vs virtual laboratory version. 

3.3 Second session 
In this session, students work with two Matlab GUIs designed to serve as a virtual laboratory for heat 
exchangers. This session is scheduled later so that the teacher has already finished a problem-solving 
lesson about the topic. That way, the session can be profited for checking the solutions the students 
have brought from home. Figure 3 and Figure 4 present the laboratory setups that serve as model for 
the Matlab GUI, along with a screen capture of the corresponding virtual laboratory practice. As an 
example about how it works, the first GUI, Figure 3, allows to select the tube dimensions, number of 
tubes material and flow rates of the tube bundle heat exchanger. Parallel and countercurrent flows can 
be also chosen. The GUI can be also used to retrieve the heat value, to include heat transfer to the 
ambient or for estimation of the overall heat transfer constant. A table is used for fast management of 
the most relevant parameters. As a result, the student can measure the temperatures at the outlet 
ports of the heat exchanger.  
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Figure 4. Tube bundle heat exchangers hands-on laboratory practice vs virtual laboratory version 

implemented in a MATLAB GUI. 

In first instance, the teacher requests the students to use the virtual lab so that they collect outlet 
temperatures at different flow rates and using different materials and sizes. The tests should be 
selected so that examples of the effect of relevant parameters on the performance of the heat 
exchanger, which has been treated in the classroom before, are now seen in practice.  

The user can use this virtual lab tool to check the solutions obtained for the previous problem-solving 
session. It is also possible to work the non-adiabatic behaviour, which was not so easily spotted in the 
lab. The teacher can provide the code and ask for the implementation of an optimization routine that 
converts the virtual lab tool in a basic heat exchanger designer. 

4 CONCLUSIONS 
This work has detailed the use of MATLAB for the deployment of a virtual laboratory as a learning tool 
for encouraging the students of Heat Transfer, a second-year course of the Chemical Engineering 
Degree. Virtual laboratories have been programmed and provided to the students so that the use of 
the resulting interactive MATLAB GUIs allow to save time that was devoted to old laboratory practices 
where the students mostly collected data from the experimental setups. The MATLAB code is 
provided to the interested student so that they can learn about how such tools are developed. 
MATLAB ONLINE is also introduced to the students, allowing them to play with the MATLAB GUIs in 
mobile devices owing to the use of the novel App Designer option. An achievement mechanism is 
included during the course in order to highlight what are the most important concepts that students 
should take home after completing the course. 
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