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Abstract : This article presents the development of a theoretical-practical guide with purpose 

of improve the process of learning radial heat conduction in steady-state condition for 

undergraduate engineering students. With the construction of the radial heat conduction 
module, the procedure described in the guide was performed in such way that it was possible 

to verify that the proposed objectives were feasible; a comparison of these results were made 

with SolidWorks software, which gave a positive feedback. For that reason, is possible to 
affirm that the experience is a great educational tool, due to it facilitatesin the process of 

consolidation of the concepts in heat transfer, self-learning and improvement in critical 

thinking. 
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Introduction 

Conventional laboratories has been traditionally the only place to develop practices and 

experimentations [1]because the practical training is relevant for the performance of the profession as for the 

personal and academic development [2], however, the Center of Laboratories and Workshops of Engineering 
(CELTI, acronym in Spanish) located at the Universidad del Atlántico (Barranquilla, Colombia) does not have 

the optimal conditions to provide a learning environments to engineering’s students. 

According to a study carried out with students of Engineering of the National Faculty of La Plata 
showed that 45% of them have an inclination toward kinesthetic, an expected result, since the engineering 

programs are geared towards making, to work and the experimentation [3], for this reason is confirmed that 

praxis is transcendental for the consolidation of theoretical knowledge. Likewise, people have been carried out 
works based in the design of competency learning methodologies in areas of thermal sciences, where students 

become familiar with the fundamental concepts of heat transfer, general theory of open and closed 

thermodynamic systems and the application of mass and energy balances [4]; it also focuses on self-learning 
processes through the development of finite element methods applied to the problem of heat transfer with the 

use of commercial programs [5]. 

The phenomenon of radial heat conduction has been extensively studied at theoretical level, in which 
stand out works that propose mathematical solutions to differential equations with different boundary 

conditions, such as the investigation of thermal stress theory based on the conduction equation of heat with the 

derivative of time-fractional of Caputo [6]; another publication refers to a model supported with a solution of 
the Fourier series for the heat conduction in spheres with a concentric spherical nucleus [7]some authors present 

the results of the modeling and mathematical simulation studies of a regenerator filled with spherical form of 

alumina with different diameters considering two mathematical models: convection and radial conduction [8]. 

At numerical level, modeling and simulations have been developed with the help of Computational Fluid 
Dynamics (CFD) programs for the determination of heat transfer over a canned food product [9]; in addition, 
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efficient numerical methods are presented with high precision to solve multidimensional heat conduction 
problems [10]. 

In order to provide the learning of radial heat conduction in steady state condition, some manufacturers 
have developed certain devices to give rise to this study. Ediboncompany [11] has built a radial heat conduction 

module which is a desktop equipment for the study of the principles of radial heat conduction and to allow the 

measurement of conductivity in a solid brass disc; it has temperature sensors, flow control valves, heating 

resistance, PID controller, among other devices. GUNT corporation[12] offers to his users a radial and linear 
heat conduction unit which has a linear and a radial experimental assembly, each fitted with a heating and 

cooling element. The test equipment is supplied with indicating and adjustment tools, a set of measuring 

objects, a set of hoses and a CD with GUNT software + USB cable. On the other hand, Armfield [13] presents 
the computer controlled heat conduction device HT12C; this accessory includes a solid disc of material that is 

heated in the center and cooled in the peripheral part, creating a radial thermal jump with its corresponding 

radial heat flow. It has six thermocouples type K located in different radios of the heated disc, fast couplings for 

a more agile connection of the cooling cylinder to the cold-water supply, a regulator to minimize the effect of 
the pressure fluctuations in the network supply. 

Undoubtedly, the equipment produced by the companies mentioned make a significant contribution in 
the teaching-learning processes of students in theheat transfer subject, however, most of the elements that make 

up such devices present high costs in the market and mostly, they represent a difficult purchase for entities that 

does not have the capacity to make large investments. On the other hand, each manufacturer offers software for 
data collection in the equipment, which, in most cases, has a license that must be renewed from time to time, 

translating into a greater expense for the institution. They also need to provide training for people whose aim is 

to manipulate the units, due to the tools are different and require a specific operation for each one. These 

trainings, just like the licenses, must be canceled to the distributor, increasing the cost of equipment acquisition. 

The main contribution of this work is to develop a theoretical-practical guide for the study of the radial 

heat conduction in steady state for the engineering student, based on the construction of the radial heat 
conduction unit manufactured by students of Mechanical Engineering from Universidad del Atlántico. The 

purpose of this guide is to test the phenomenon of heat transfer by radial conduction, to verify the concept of 

the thermal conductivity that is linked to this mechanism of heat transfer and to analyze its effect on the 
temperature’sdistribution, successively, to carry out the preparation of temperature profiles in different types of 

materials. In a similar form as the way how companies present it, it will be possible to realize the data collection 

by means of an Arduino MEGA whose will be connected to a computer; this implies a great saving of money, 

since it does not need the software license for its application.  

Development of the theoretical-practical guide 

The theoretical-practical guide was elaborated by the authors to facilitate the execution of the laboratory 

experience where the radial heat conduction phenomenon is evidenced, in order to favor the learning for 

undergraduate students of Mechanical Engineering in a significant way. In the first part, the basic concepts are 
presented to interpret the heat transfer mechanism, then the guidelines for the realization of the experience are 

shown and, finally, is provided the necessary elements for the data registration, which should be analyzed to 

establish relevant conclusions. 

The development of the theoretical-practical guide was based on the discovery method 'active-

productive', which enhances productive thinking, helps students to know and practice research techniques and, 

encourages greater possibility of transfer the knowledge learned to some different situations, etc. [14-15].  

In this sense, authors have developed guides for the simulation of thermodynamic processes, with 

which they verified the positive effect of the use of computational tools on student learning in air conditioning 
processes [16]. Were made some guides' descriptions to explain the cognitive progression of students through 

activities that promote their independent work [17].It is composed by the introduction, fundamental equations, 

objectives, equipment description and the methodology. Figure 1 shows the theoretical part. 
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Figure 1.Introduction and fundamental equations in the learning guide. 
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The guide is focused on using the student's previous knowledge to initiate the relationship with radial 
heat conduction and discover its applicability in current industries, where students can consolidate what they 

have learned in classes and thus acquire the necessary experience for their professional life. In addition to that, 

they will be able to understand, relate, and verify, like it is expressed in the objectives described in Figure 2. 

 

Figure 2.Main objectives for the development of the experience 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.Equipment description in the guide. 
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The description of the equipment used to carry out the practice (Figure 3) and the procedure to be 
followed for its correct functioning are presented (Figure 4). There is also a space for collecting the data and the 

analysis made during the experience. 

 

Figure 4.Experimental procedure in the laboratory. 



Valencia Ochoa, G. et al /International Journal of ChemTech Research, 2017,10(12): 27-35. 32 

 
 

It is expected that students understand the parameters involved in the radial heat conduction process, 
their correlation with concepts such as thermal conductivity and the way how they interact. 

Results and discussion 

To verify the contribution of the radial heat conduction module over the consolidation of theoretical and 

practical knowledge in heat transfer, the work team effectuate the laboratory experience. 

In the first instance, the carbon steel metal disc was chosen, subjected to heating at a certain 

temperature and has been waited a time to achieve the steady state condition; the selected temperature ranges 

from 55°C to 75°C and for each of them different data were taken from the thermocouples. Having done this for 
the aluminum disc, it was proceeded to register data into the Microsoft Office spreadsheet tool (Excel) and was 

simulated it in the Solid Works CAD software; Likewise, the results obtained were compared with the 

theoretical concepts shown in the literature. 

Figure 5 shows the results of the simulations performed with Solid Works, a very useful software that 

allows the development of heat transfer studies. The initial conditions established to reproduce the simulation 

were the heat power (electric energy of the heater), the temperatures in the disc core and its periphery. When 
the graphics were plotted together with the results findings made experimentally it was found the differences 

between them are minimal, so it is affirmed that the module of radial heat conduction is advantageous for the 

analysis of conduction phenomenon. 

 

Figure 5. Simulation results for one of the discs.  

 The temperature profiles versus the position of the stainless-steel disc were plotted (Figure 6) and 

compared with those cast by the simulation. As can be seen in the figures, the temperature profiles have some 

variation, being 12% the biggest error found. 
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Figure 6.Results of temperatures vs position for stainless steel. 

In the case of aluminum, experimental and simulated results were also plotted (Figure 7). For this 
material, the same tendency of the stainless steel was exhibited with respect to the values of the temperatures, 

since they have certain dispersions, being the highest error of 13%; that error comprise the difference between 

the experimentally temperatures found and the simulation. 

 

Figure 7.Results of temperatures vs position for aluminum. 

As the graphs show, students will be able to analyze the behavior of the radial heat conduction 
phenomenon for different materials, where the conduct of the temperature with respect to the position can be 

perceived. From these results, they will have the possibility to examine the influence that the thermal 

conductivity has on the phenomenon and the variation of the heat according to the temperature that is initially 
selected. 
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Although there are some differences in the reading of temperatures experimentally and those obtained 
by the simulation, the laboratory keeps the main object of study: Look for the student to confirm that the 

conduction of heat occurs as it is presented in the literature, allowing them to acquire a meaningful learning 

about the topic and improve their critical thinking. On the other hand, the learner may achieve the ability to 

distinguish the error in the measurements due to the false contact between the thermocouples and the disc or 
another reason. 

Despite the positive results obtained in the development of the theoretical-practical guide, due to the 
low errors presented, certain limitations were found because the team does not possess an instrument that 

facilitates the measurement of the electric power consumed by the heater in order to satisfy the temperature 

established trough of the PID controller; therefore, made difficult the experimental determination of the thermal 
conductivity for the materials since, it was counted on a single equation where the values of the thermal 

conductivity and the heat transferred were unknown. 

Conclusion 

A radial heat conduction module was implemented for the study of the conduction heat transfer 

mechanism, which seeks to visualize the main concepts associated with it, where the student can experimentally 
prove the phenomenon of heat transfer by radial conduction, verify the thermal conductivity and elaborate 

temperature’s profiles for different types of materials. 

Additionally, the theoretical-practical guide was developed to allow the student to be contextualized 

with the knowledge and guidelines necessary to carry out the experience. It presents the theoretical part with the 

fundamental equations that model the phenomenon, as well as the objectives to be achieved; also, a brief 

description of the equipment components and the methodology to be followed together with the respective 
tables, graphs and conclusions to make the laboratory more didactic. 

Performance tests were applied on the equipment where the experience was executed and it was 
corroborated the data obtained with the theoretical concepts and simulations to calculate the errors. From these 

results, it is evident that the implementation of experimental laboratory tests that allow the contemplation of 

heat transfer phenomena can ensure that the students achieve a meaningful learning, taking as its main axis the 
teaching of an adequate theoretical base, whose consequences will be students better prepared to face 

challenges in the industry, the proper use of the different tools with which they will have daily contact and trust 

in terms of decision making. 

References 

1. E. Lorandi Medina, Alberto Pedro; Hermida Saba, Guillermo; Hernández Silva José; Ladrón de 
Guevara Durán, “Los Laboratorios Virtuales y Laboratorios Remotos en la Enseñanza de la Ingeniería,” 

Rev. Int. Educ. en Ing., pp. 24–31. 

2. M. Á. Raposo Rivas, Manuela; Zabalza Beraza, “La formación práctica de estudiantes universitarios: 

repensando el Practicum,” Rev. Educ., pp. 1–847, 2011. 
3. A. M. Tocci, “Estilos de aprendizaje de los alumnos de ingeniería según la programacion neuro 

lingüística,” Rev. Estilos Aprendiz., vol. 11, 2013. 

4. J. Regalado Méndez, A., Peralta Reyes, E., & Báez González, “Aprendizaje basado en competencias 
aplicado a una asignatura de transferencia de calor,” Form. Univ., vol. 4, pp. 13–18, 2011. 

5. A. S. Farias and Gonzalo, “Resultados de la aplicación de la metodología de autoaprendizaje del 

método de los elementos finitos a casos de transferencia de calor,” Rev. Fac. Ing., vol. 14, pp. 26–35, 
2006. 

6. Y. Z. Povstenko, “Fractional radial heat conduction in an infinite medium with a cylindrical cavity and 

associated thermal stresses,” Mech. Res. Commun., vol. 37, no. 4, pp. 436–440, 2010. 

7. F. J. Cuesta and M. D. Alvarez, “Mathematical modeling for heat conduction in stone fruits,” Int. J. 
Refrig., vol. 80, pp. 120–129, 2017. 

8. S. M. Sadrameli and H. R. B. Ajdari, “Mathematical modelling and simulation of thermal regenerators 

including solid radial conduction effects,” Appl. Therm. Eng., vol. 76, pp. 441–448, 2015. 
9. F. A. López-Mata and J. J. V.-L. L. Medina-Torres, “Modelado de la Transferencia de Calor en el 



Valencia Ochoa, G. et al /International Journal of ChemTech Research, 2017,10(12): 27-35. 35 

 
 

Tratamiento Térmico de Productos Enlatados,” vol. 27, pp. 85–95, 2016. 
10. M. Xu, “A novel numerical method for solving heat conduction problems,” Int. J. Heat Mass Transf., 

vol. 103, pp. 285–290, 2016. 

11. Edibon, “Engineering and Technical Teaching Equipment,” 2016. [Online]. Available: 

http://www.edibon.com/es/equipment/radial-heat-conduction-module-1. 
12. GUNT Hamburg, “Equipos para la educación en Ingeniería,” 2017. [Online]. Available: 

http://www.gunt.de/es/productos/fundamentos-termodinamica/conduccion-de-calor-radial-ylineal / 

060.37200 /wl372/glct-1:pa-150:ca-186:pr-1507?googleTranslate=1. 
13. Armfield, “Vanguardistas en equipos para la enseñanza de la ingeniería y equipos de I+D industrial,” 

2017. [Online]. Available: http://armfieldonline.com/es/products/view/ht12/radial-heat-conduction. 

14. C. Hernández Jorge, “Metodologías de enseñanza y aprendizaje en altas capacidades,” p. 20. 
15. M. Florez, J., Caballero Sahelices, M., & Moreira, “El laboratorio en la enseñanza de las ciencias: Una 

visión integral en este complejo ambiente de aprendizaje,” Rev. Invest. (Guadalajara)., 2009. 

16. L. Valencia, Guillermo; Escorcia, Andrés; Obregón, “Software Educativo y Guía Teórico-Práctica 

como Estrategia Pedagógica para promover el aprendizaje significativo de los Procesos de 
Acondicionamiento de Aire en Ingeniería,” Rev. Espac., vol. 38, p. 15, 2017. 

17. S. Ospino, Adalberto; Silva, Jorge; Muñoz, Yecid; Candelo, John; Mejía, Mario; Valencia, Guillermo; 

Umaña, “Innovation Strategies to Develop Specific Professional Skills on Photovoltaic Systems using 
Laboratory experience guides: Technologies and Sustainability Education,” Rev. Espac., vol. 37, p. 10, 

2016. 

 

***** 
 

 

 

 


