
Journal of Physics:
Conference Series      

PAPER • OPEN ACCESS

Applications of thermodynamics to study the
physical phenomenon of heat conduction
To cite this article: C Nolasco Serna et al 2021 J. Phys.: Conf. Ser. 2073 012010

 

View the article online for updates and enhancements.

You may also like
Applications of the Poisson and diffusion
equations to materials science
C Nolasco, N J Jácome and N A Hurtado-
Lugo

-

Analysis of the biomass produced in the
furniture factories of the municipality of
Ocaña
J Arévalo, E E Espinel and M I Cabellos

-

Mathematical model of the firing process in
Ladrillera Ocaña, Colombia
C Nolasco, G Gurrero Gómez Jácome and
J A Gómez Campero

-

This content was downloaded from IP address 8.243.64.131 on 26/05/2025 at 16:34

https://doi.org/10.1088/1742-6596/2073/1/012010
/article/10.1088/1742-6596/1587/1/012014
/article/10.1088/1742-6596/1587/1/012014
/article/10.1088/1742-6596/1257/1/012004
/article/10.1088/1742-6596/1257/1/012004
/article/10.1088/1742-6596/1257/1/012004
/article/10.1088/1742-6596/1408/1/012017
/article/10.1088/1742-6596/1408/1/012017
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsvXULqIjYdvycLrQjLtPsejMod6DUdGMv1N_q3A63c-aVRrI50IyvKZHBSDFUgaM21OPb-5VI-ykZWSLDuKxXgHgs28mRtSEpA0Ot4xjD-kx-bQXmepwo1zNfn43slOuT4uL1VDwmY0Q6SeTAwrTEEYUe1_sKl9ifMlrFOK4zC7FtrxtIchI4XAnw5VIlsEnolGrYaabtINU69Ty0ByUIgNZjD3IZp_8IgubUVieMBHccbMSGX0Ly-kyciO2IXsZwhNp6uWBFhAQ-Unp9uDtvOjPdm8oZNAOHobKKOTGNeu2zlkH9addlCJ8s3M-N4aV_na4A5YuCMJ0ZQQRKBYBCdfo9hwLkOF_8_gSY4J8oE2dwL0&sig=Cg0ArKJSzDb9WJ9_5f8i&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3DIOP_2025_TIA%26utm_id%3DIOP%2BTIA


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1st STEAM Education Congress (1st STEAMEC)
Journal of Physics: Conference Series 2073 (2021) 012010

IOP Publishing
doi:10.1088/1742-6596/2073/1/012010

1

Applications of thermodynamics to study the physical 
phenomenon of heat conduction 

C Nolasco Serna1, N Afanador García2, and J A Gómez Camperos3 
1 Grupo de Investigación de la Facultad de Educación, Artes y Humanidades, 
Universidad Francisco de Paula Santander, Seccional Ocaña, Colombia 
2 Civil Engineering Research Group, Universidad Francisco de Paula Santander, 
Seccional Ocaña, Colombia 
3 Grupo de Investigación de Tecnología y Desarrollo en Ingeniería, Universidad 
Francisco de Paula Santander, Seccional Ocaña, Colombia 
 
E-mail: cnolascos@ufpso.edu.co 
 
Abstract. Thermodynamics can be understood as the discipline of the physical sciences, that 
studies theoretically and practically the different manifestations of energy. The study of 
thermodynamics is important in relation to the understanding of thermal systems in industry, as 
well as, supporting energetic processes in living organisms. In relation to the study of energy 
processes in the context of heat transfer, concepts from thermodynamics are relevant. In the 
present investigation, the process of heat conduction in a metal bar is analyzed by applying the 
heat equation and the concept of entropy variation. The first part of the research proposes a 
numerical method to solve the heat equation in addition to a set of finite difference equations 
describing the energetic behavior of the system. The numerical solution of the heat equation and 
the thermodynamic behavior of the system are studied by programming to demonstrate the fit of 
the results with the theoretical models. Finally, applications of the achieved results in engineering 
contexts are discussed. 

1. Introduction 
The field of physics responsible for the measurement of energetic processes is thermodynamics. The 
study of thermodynamics is important in relation to the understanding of thermal systems in industry, 
as well as, supporting energetic processes in living organisms [1]. The development of quantitative and 
qualitative qualities of heat conduction from the perspective of thermodynamic properties has been 
widely developed [2]. The analysis of energy effects derived from heat conduction in most applications 
uses mathematical models derived from the classical thermodynamic theory [3,4] by contrast numerical 
techniques for research on energy are important in recent years [5]. 

This research looks into the application of numerical methods to study the phenomenon of heat 
conduction in a metallic bar in a transient state to prove the stability of the system through the use of the 
entropy equations [6]. The benefit of the method proposed in the research will prove to be useful in the 
case of heat conduction in bricks. The research first of all proposes the method of solution of the heat 
equation and the derivation of the energy analysis equations. Secondly, using a computer program, the 
results are analyzed in comparison with the theoretical data to prove the accuracy of the proposed 
approach. 
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2. Mathematical modeling and entropy conservation 
The description of modeling the energetic process in heat conduction is described firstly through the 
approach and solution of the heat equation and finally the application of numerical methods to generate 
the energy conservation equations. 

2.1. Formulation of the mathematical model 
The law of conservation of energy [7] describing the behavior of heat flow in regions of space is 
represented by the Equation (1), where c is specific heat, ρ is density and Ψ is temperature. 
 

!
!"
∫#cρΨdV = −∫#div	ϕdV + ∫#fdV. (1) 

 
Applying Fourier’s law and the principle of continuity [7] to complete Equation (1) produces the 

heat Equation (2). 
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The function Ψ(x, t) represents the temperature in the bar, where x is the position and t the time. The 
constant λ represents the thermal diffusivity of the bar. Taylor’s theorem [8] applied to the temperature 
function guarantees the Equation (3) and Equation (4). 
 

Ψ(x + h) = Ψ(x) + hΨ((x) + )
&
h&Ψ(((x) + ⋯, (3) 

 
Ψ(x − h) = Ψ(x) − hΨ((x) + )

&
h&Ψ(((x) + ⋯. (4) 

 
Addition of complete Equation (3) and Equation (4) gives the Equation (5). 

 
Ψ(x + h) + Ψ(x − h) = 2Ψ(x) + h&Ψ(((x). (5) 

 
From Equation (5), the representation of Ψ((	is defined in the Equation (6). 

 
Ψ((	(x) = 1/h&		[Ψ(x + h) − 2Ψ(x) + Ψ(x − h)]. (6) 

 
Subtraction of complete Equation (4) from complete Equation (3) gives Equation (7). 

 
Ψ( = )

&*
[Ψ(x + h) − Ψ(x − h)]. (7) 

 
Suppose that the metal bar of length L is divided into N equal parts of size ∆x = +

,
, substituting the 

complete Equation (6) and Equation (7) into the complete Equation (2) generates the discrete version of 
the heat equation formulated in Equation (8). 
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It is possible to prove that the solution of the heat Equation (8) is equivalent to solve a system of 

equations of N equations with N unknowns [9]. The system is represented by the Equation (9). 
 

Ψ34/) = rΨ3-)4 + (1 − 2r)Ψ34 + rΨ3/)4 . (9) 
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2.2. Entropy conservation 
Equation (2) is not invariant for the substitution on time t	and it describes an irreversible process. The 
main characteristic of irreversible processes is the approach to a steady state when the time is too long 
[6]. In the case of the physical phenomenon of heat transfer in a metal bar, physical experience shows 
that the transient state converges to the steady state [10]. Using the hypothesis that the bar can be divided 
into N − 1 parts then the entropy production for each part i	is defined by the Equation (10). 
 

dE3 =
!5"
%"
	(i = 1,2, … , N − 1), (10) 

 
where E and S are the entropy and energy of each part. 

The entropy variation !6
!"
	is the sum of two parts, the internal entropy variation and the external entropy 

variation, the Equation (11) summarizes this behavior (6). 
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. (11) 

 
In order to define a mathematical expression to calculate the amount of entropy in each region, it is 

necessary to calculate a mathematical expression involving the complete Equation (11) together with 
the temperature function Ψ. For this reason, the Equation (12) and Equation (13) allows to represent the 
variation of entropy inside and outside in terms of the temperature Ψ function and the rate of change 	78

∆'
 

of heat flow in each of its parts [11]. 
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Relating the heat flow and Fourier's law leads to the continuity Equation (14) in each part of the 

metal bar. 
 

!5"
!"
= −k∇Ψ34. (14) 

 
Comparing the complete Equation (2) and Equation (14) generates the Equation (15) relating entropy 

to temperature function [11]. 
 

!%"
#

!"
= ;

(.')!
[(Ψ3/)4 −Ψ34) − (Ψ34 −Ψ3-)4 )]. (15) 

3. Results and discussion 
Suppose a 10	cm metal bar is placed in a heat source where the temperature at the ends is 320	K and 
200	K respectively. The initial temperature inside is 200	K, A = 1.1	cm&, specific heat k = 1.1	cal,   
ρ = 10.8 <

=>*, and c = 0.03 =?@
<∗B
. By designing a computer program to solve the system of Equation (9), 

it is possible to calculate the temperature of the bar by simultaneously varying positions and time. 
Figure 1 shows the behavior of the temperature profile; from the behavior of Figure 1 it is possible 

to conclude that the bar temperature tends to stabilize around a linear function. Experimental data in 
combination with theoretical heat transfer models [12] show that in steady state, heat conduction is a 
linear function. Therefore, the results generated in Figure 1 are as one would expect. Figure 1 aims to 
establish that heat conduction energy change in the metal bar tends to stabilize. 
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Likewise, by complementing the computer program, that generated Figure 1, with the Equation (12), 
Equation (13), and Equation (15), it is possible to establish the energetic behavior of the physical 
phenomenon of heat conduction in the metal bar. Figure 2 shows the entropy balance (yellow curve) 
generated under the equation by adding the internal entropy variation (blue curve) in addition to the 
external entropy variation (red curve). 

From the observation of the entropy balance function (yellow curve) it is possible to observe that the 
function tends to zero, which guarantees that the system tends to a stable state. In addition, from the 
external and internal entropy functions represented in Figure 2, by the red and blue curves, it is possible 
to conclude that the equality !"6

!"
= − !'6

!"
 is true. Therefore, by applying the theorem of minimum 

entropy production [11] the system tends to the steady state. 
The analysis of the experimental data taken at the Ladrillera Ocaña, Colombia, [13] allowed to 

demonstrate by mathematical arguments the behavior of the calculated temperature in the bricks is 
shown in Figure 1. Therefore, the thermodynamic analysis of the research can be extrapolated to the 
case of heat transfer at the Ladrillera Ocaña, Colombia. 
 

  
Figure 1. Contour of temperature with the 
numerical method. 

Figure 2. Entropy balance with the numerical 
method. 

4. Conclusion 
The energetic behavior of the heat conduction phenomenon in a metal bar was studied in two stages. In 
the first one, by means of a numerical method that calculated the temperature of the metal bar varying 
position and time. The numerical results showed that as time increases the temperature tends to a linear 
function in harmony with experimental and theoretical results. In the second part through the study of 
the energy balance equation, by means of numerical methods, it was concluded that the system tends to 
a steady state by using the theorem of minimum entropy production. 
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