
International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-11, Nov.-2018, http://iraj.in 

Finding Innovative Thermal Materials: an Application Experience for Engineering Training 
 

43 

FINDING INNOVATIVE THERMAL MATERIALS: AN APPLICATION 
EXPERIENCE FOR ENGINEERING TRAINING 

 
1PAOLA UTRERAS, 2YAZMINA OLMOS  

 
Univsidad Austral de Chile 

E-mail: 1paola.utreras@uach.cl, 2yazmina.olmos@uach.cl 
 

 
Abstract - Cover the needs of today's society without compromising the resources of the future is the challenge posed by 
engineering schools to their students, in this work we expose a training experience, by which theoretical concepts of physics 
are developed, such as heat transfer and balance using as a means of learning the development of an engineering project with 
social and environmental awareness. This type of learning achieves very good results in  understanding of abstract concepts 
since it manages to build them from action, not discourse, in addition to providing future engineers with the competencies 
required for innovation and entrepreneurship. 
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I. INTRODUCTION 
 
Generation of resources and implementation of 
models to arouse changes and improvements in the 
development of humanity has historically been the 
role of Engineering in our society. Currently, it is 
imperative that this development is achieved through 
an environmental awareness, allowing the needs of 
contemporary society to be met without 
compromising the resources of the future. 
How to incorporate these concepts in the training of 
engineers from basic science courses is the challenge 
we face, since the way we educate is crucial to create 
successful communities. 
In this article we propose a learning activity for 
Chilean engineering students of the second year 
physics course: Fluid mechanics and 
thermodynamics, in this activity concepts of heat 
transfer are built through the search and testing of 
various innovative materials with the intention to use 
them in the construction of thermally efficient homes, 
useful in areas of Chilean Patagonia. 
 
II. PROBLEM BASED LEARNING APPROACH 
FOR CHANGING MISCONCEPTIONS 
BETWEEN HEAT AND TEMPERATURE 
 
Historically the concepts of energy, heat, temperature 
and thermal equilibrium were taught through a 
traditional class [1], [2], in which the teacher simply 
described these concepts, without giving the 
possibility to the students to construct their own 
definitions by means of applied scientific experience. 
Different studies [3], [5], [8]  have indicated diverse 
ideas that university students have regarding the 
concepts of heat and temperature, the main errors are: 
 
1. Constant heat means no heat exchange possible  
2. Heat is a ‘state quantity’, something in a body  
3. Metals attract, hold, or absorb cold  
4. Conductors conduct heat more slowly than   

insulators  

5. Insulators conduct heat fast and heat leaves so 
insulators don’t feel hot  

6. Insulators absorb/trap heat  
 
1.- Constant heat means no heat exchange possible:  
Engineering students commonly confuse the concepts 
of `constant variable` with `variable=0` 
 
2.- Heat is a ‘state quantity’, something in a body:  
This point is the most controversial because it is here 
where we have to fight against the concepts of 
everyday life, since definitions of heat and 
temperature are very often confused. In everyday life 
both concepts are used as synonyms and it is a 
challenge to change the definitions they acquired 
even as children. 
 
3.- Metals attract, hold, or absorb cold:  
Our proposal is based on challenging students to 
solve a realistic problem in which they must 
reformulate their definitions of heat and temperature 
while exploiting their creative and group work skills. 
 
 The problem 
The problem is presented to a students working  
group of 6 members, they have to evaluate insulation 
characteristics of different innovative materials, 
reused or not industrialized, for construction of a 
basic house, and help a family of limited resources. 
 
 ''You and other Engineers colleagues, make up an 
NGO (Non-Governmental Organization) that helps in 
the production of low-cost housing for low-income 
families. The housing ministry is asking your NGO to 
build a 50m2 house at the lowest possible cost, also 
telling you that the houses would be installed in 
Neltume, a mountain area of the region of Los Rios, 
Chile, where temperatures are very low in winter, and 
request houses to be as isolated as possible, to 
maintain a comfortable temperature without spending 
large sums of money on fuel (firewood). 
To achieve this goal, the NGO formed by a team of 
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research engineers, decide to test the thermal 
characteristics of several innovative materials. 
To test new materials, the team's director decides to 
make a cube of edge 50cm, in which each face is 
made of a different material, in that way it could be 
tested the thermal characteristics of the new 
materials, using a UV camera to evaluate thermic 
characteristic of the different materials. 
Once the new materials have been tested, the heat 
loss for each of the materials will be calculated and 
the most suitable material for the construction of the 
dwelling will be decided.'' 
 
 Class work 
During the first two classes, the working groups 
conduct an investigation to decide, based on physical 
considerations, materials they would use. 
During next 6 classes, the teams will test their 
materials, for this they will construct a cube of 50 cm 
of edge, and that each one of the 6 faces of the cube 
be made of  different materials (fig 1). 
In a subsequent session, when the cubes are finished, 
a source of heat is introduced inside, which is usually 
a bottle with hot water. With this heat source, the 
cubes are photographed thermally, using an infrared 
camera, in the images it is possible to compare 
different materials and their response to heat transfer, 
each face transfers the heat in different ways, 
although the temperatures at which different materials 
(internal and external temperature of the cube) are 
exposed. 
During last 3 sessions teams calculates the heat flow 
through each material, in addition to the costs 
associated with the construction of the home using 
each  material. 

 
Fig1: Thermal cube, H1,H2, H3 y H4 represents heat flux 

through 4 different materials, S represents heat source. 
 
III. ENGINEERING STUDENT LEARNING 
 
Incorporation of  PBL methodology not only aims to 
develop meaningful learning but also to the 
development of soft skills [6], [7], which are as or 
more relevant in the teaching-learning process for 
engineering student, who should not only handle 
scientific concepts, but must also be able to 
understand the problems of society, in order to give 
integral solutions adapting and reinventing the way of 
understanding development. 

The observed learning are: 
 Group work:  
All the work done to solve the problem is done in 
classes, this forces the students to work and solve 
their problems within the group and in the presence 
of the teacher. 
 
 Importance of building homes with thermal 
insulation: 
 Through the use of mathematical models of heat 
transfer, students are able to determine the effect of 
thermal insulation on the household economy of 
families. 
 
 Thermal equilibrium:  
Thanks to the heat source, an internal temperature is 
reached in the cube, which is greater than the external 
temperature. When the heat source is turned off, the 
temperature inside the cube begins to decrease, the 
students relate this phenomenon to thermal 
equilibrium, they realize that there is a transfer of 
energy, ie heat from inside of the cube, where the 
temperature is higher to outward, where the 
temperature is lower. This transfer exists only until 
both systems have the same temperature, when that 
moment arrives, the heat associated to the systems 
will be zero, although the temperature is not zero. 
 
 Heat Transfer:  
Through this problem 3 mechanisms of heat transfer 
are studied.  
i) Convection: the heat source inside the cube 
transfers heat through the convection of the air into 
the cube,  this energy is able to generate an increase 
in temperature of the internal surface of the cubes 
walls. 
ii) Radiation: Our eyes are not able to see the 
energy that escapes from each side of the cube, 
however with help of an infrared camera it is possible 
to see the radiation generated by the cube faces, by 
the interpretation of this radiation, we can determine 
which material has transferred more heat than 
another.  
iii) Conduction: because the temperature  inside of 
the cube is higher than the outside, there will be a 
heat flow from  inside of the cube to  outside, this 
flow through the walls is done by conduction and 
varies depending of the material.  
For walls made by one material, students compute 
heat flux using the equation 
H = kAΔ T /x , 

where  k represents heat transfer coefficient, 
A represents area of the wall, Δ T represents 

difference between inner cube temperature and 
outside cube temperature and finally x represents 
wall thickness. 
In case of two materials wall, heat flux is computed 
by using serie conection: 
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H = ΔT
x1/ k1 A+ x2 /k2 A ,  

where subindex 1 and 2 represent two materials in 
use. 
 
 Thermal Image interpretation: 
After make the cube and compute heat flux for each 
face (wall), students compare the heat losses of each 
wall using a thermal UV camera, which shows by a 
color scale radiation from the face surface, this 
radiation is due to the energy transfered throught the 
wall, and can be used as an indicator of heat transfer. 
This tool is very useful because engineering students 
can 'see' the energy coming from the inside of the 
cube. 
 
 Difference between the terms heat and 
temperature:  
The great challenge of this unit is the students 
redefine the concepts of heat and temperature, which 
unfortunately daily life, often confuses. As discussed 
in the previous point, students study heat transfer 
through the cube faces, obtaining different results and 
depending on the materials used for the construction 
of the faces, although the temperature to which they 
are subjected are exactly the same. Emphasis is 
placed on the correct use of units of measure and the 
interpretation of these, as well as of the realization of 
graphs and adjustment of curves. 
 
 Reuse of materials:  
The proposed problem is based on the help that this 
group of students must give to a family of limited 
resources that lives in a mountain town of Chile. This 
forces the students to consider non-industrialized 
materials, generating debate and creativity within the 
teams. 
The materials used by the different groups were: 
 
 Cork 
 Paperboard 
 Second hands clothes 
 Egg cartons 
 Tetra pack 
 Clay 
 Straw 
 Plastic bags 
 
IV. EVALUATION 
 
We have considered different forms of evaluation for 
this work, in order to consider the different expected 
learning, these evaluations are the following: 
Pre-report (15% of final mark) Baseline of the 
problem and choice of materials 
Work in classes (30% of the final grade) average of 
work done in classes 
Final report (25% of final grade) In-depth description 

of the solution to the problem indicating calculations, 
results and conclusions 
Presentation (30% of final grade) Oral presentation of 
the most relevant milestones indicated in the report. 
 
CONCLUSIONS 
 
To include methodologies based on active learning is 
not only useful but necessary to generate changes in 
deeply rooted misconceptions, such as those from 
everyday life. In order to generate meaningful 
changes it is necessary for students to confront 
contradictions that their preconceptions generate, 
creating in them the need to construct new 
definitions. 
In this work, we have succeeded in generating such a 
contradiction, particularly when it becomes clear that 
if we compare two materials subjected to the same 
temperatures, they do not transfer the same heat, 
therefore the concepts of heat and temperature 
necessarily show different phenomena. On the other 
hand the students manage to realize that once the 
thermal equilibrium is established, i.e. when the 
inside and outside of the cube achieve the same 
temperature, there is no heat transfer, Q = 0, however 
the temperature is very different from zero  
To quantify our results we applied a test at the 
beginning of the unit, which contained questions 
about real life situations and involving concepts of 
heat and temperature to a total of 193 students, in that 
test 90% of the students showed conceptual 
deficiencies, at the end of the unit, only 23% of the 
students showed this deficiency. These same 
evaluations had previously been applied to students 
with traditional methodology showing only a 
decrease of 30 percentage points. 
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