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1. INTRODUCTION: 
 Conduction is one of the three main ways that heat energy is moves from one place to another. Conduction is 

the process by which heat energy is transmitted through collisions between neighboring atoms or molecules. Metals, for 

example copper, platinum, gold, etc. are usually good conductor of thermal energy. This is due to the way that metals 

bond chemically: metallic bonds have plenty of free electrons that transfer thermal energy across the boundary of the 

metals. So heating conduction is the flow of energy from a place of higher temperature to a place of lower temperature 

by the interaction of the adjacent particles (atoms, molecules, ions, electrons, etc.). The process of conduction in metals 

is important for engineers and scientist.  In this paper, theory of conduction heat transfer, basic equation of conduction, 

numerical analysis of one dimensional conduction heat transfer are studied. 

2. THEORY OF CONDUCTION HEAT TRANSFER: 

 There are three types of heat transfer. They are (i) heat conduction in solid, (ii) heat convection of fluid and (iii) 

heat radiation through anything that will allow radiation to pass. The method used to transfer heat is usually the one that 

is the most efficient. Conduction is the most significant means of heat transfer within a solid or between solid objects in 

thermal contact. One mechanism for conduction occurs when the atoms or molecules in a hotter part of the material 

vibrate or move with greater energy than those in a cooler part. By means of collisions, the more energetic molecules 

pass on some of their energy to their less energetic neighbours. Conduction is greater in solids because the network of 

relatively close fixed spatial relationships between atoms helps to transfer energy between them by vibration. Here are 

some examples of the process of heat conduction. If you leave the end of a metal poker in a fire for enough time, its 

handle will get hot. Energy is transferred from the fire to the handle by (thermal) conduction along the length of the 

poker. The vibration amplitudes of the atoms and electrons of the metal at the fire end of the poker become relatively 

large because of the high temperature of their environment. These increased vibration amplitudes and thus the associated 

energy, are passed along the poker, from atom to atom, during collisions between adjacent atoms. In this way, a region 

of rising temperature extends itself along the poker to the handle. Next example, copper is a good conductor of heat. 

This means that if you heat one end of a piece of copper, the other end will quickly reach the same temperature. Most 

of the metal, copper is the best. 

3. BASIC EQUATION OF CONDUCTION HEAT TRANSFER: 

 The heat conduction equation is a partial differential equation that describes the distribution of heat (or the 

temperature field) in a given body over time. This temperature distribution is known as the conduction heat flux at any 

point in the material or on its surface may be computed from Fourier’s law. Fourier’s law states that the time rate of 

heat transfer through the material is proportional to the negative gradient in the temperature and to the area. 

In symbol, 

 Q= -kA 
𝑇2−𝑇1

𝐿 
(1) 

q "= -k  
𝑇2−𝑇1

𝐿 
(2) 

 

Abstract: This study refers to the steady state in which a single temperature can be used to describe a copper 

material because its thermal conductivity is quite high. When this condition occurs, a one equation model can be 

used and the analysis of the COMSOL Multi physics heat transfer conduction process is greatly simplified. The 

copper block parameters are the length is 0.08m, the high is 0.16m and the thickness is 0.03m. From this work, 

useful information is to provide the practical of conduction heat transfer. 
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Where, Q = the heat flux through plane (W) 

           
" -2q  = heat flux of conduction (Wm )  

k = the material’s conductivity (Wm-1 K-1) 

L = the plane thickness (m) 

A = the plane area (m2) 

 T2−T1

L 
 = temperature gradient (Km-1) 

4. NUMERICAL ANALYSIS OF ONE DIMENSIONAL CONDUCTION HEAT TRANSFER: 

 The heat transfer module is an optional package that extends the COMSOL Multiphysics modeling environment 

with customized user interfaces and functionally optimized for the analysis of heat transfer. Heat transfer is involved in 

almost every kind of physical process and it can be the limiting factor for many processes. The modeling of heat transfer 

effects has become ever more important in the design of products in many areas including the electronics, automotive, 

and medical industries. Heat transfer is defined as the movement of energy due to a difference in temperature. Heat 

conduction takes place through different mechanisms in different media. In this simulation can be divided into six steps 

for conduction heat transfer by steady state condition. These steps are as follow: 

(1) Define the module. 

(2) Define the geometry. 

(3) Define the subdomain. 

(4) Define the boundary setting. 

(5) Define the mesh sizes. 

(6) Simulate the result. 

4.1. Module 

 It must be define the module in the model navigator to simulate the steady state conduction heat transfer. In 

this simulate, was defined the two dimensional steady state conduction. 

4.2. Geometry 

The material of copper length was 0.08 m and the wide was 0.16m was drawn. 

It is shows in figure 1. 

                                

                                                             Fig1. Geometry of copper  

4.3. Subdomain 

 In subdomain setting is defined the properties of material for this study. This simulation defined the thermal 

conductivity of copper is 305 W/mK in isotropic condition. It means that the properties of a material are the same in all 

directions. 



INTERNATIONAL JOURNAL FOR INNOVATIVE RESEARCH IN MULTIDISCIPLINARY FIELD        ISSN:  2455-0620    Volume - 5, Issue - 8, Aug – 2019 

Monthly, Peer-Reviewed, Refereed, Indexed Journal with IC Value: 86.87                                                                             Impact Factor: 6.497 
Received Date: 20/08/2019                                                    Acceptance Date: 30/08/2019                                        Publication Date: 31/08/2019 

 

Available online on – WWW.IJIRMF.COM Page 299 

4.4 Boundary setting 

This section is defined the boundary condition for the conduction heat transfer analysis. It is shown in figure 2.                                                                              

                                                                                           

1

3

2

4

  

Fig2. Boundary conditions of copper 

 Boundary no. 1 is defined the initial temperature is 400 K and the no. 2 and 3 is defined the thermal insulation. 

Finally, the boundary no. 4 is defined the final temperature is 0 K. The detailed boundary equations are described the 

table 1. 

Table1. Boundary Setting 

Boundary Condition Governing equation 

1,4 Temperature T=T0 

2,3  Thermal insulation  

 
4.5. Mesh size 

It must be define the mesh grid sizes. Mesh consists of 494 elements of trigular shape. It is shows in figure 3. 

 

Fig3. Mesh properties 

4.6 Simulate the result 

 This step is the output result of the conduction heat transfer. Figure 4 shows the result of heat conduction. The 

heat conduction result is 1.525 x 106 W/m2.  

                                   

Fig 4. Heat Conduction of the copper  

n(-k T)=0
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5. RESULTS AND DISCUSSION: 

 The theoretical can be calculated using the equation 2. In this equation, can be substituted the value of thermal 

conductivity is 305 W/mK, the initial temperature is 400K, the final temperature is 0K and the length is 0.08m. The 

theoretical result of the heat conduction is 1.525 x 106 W/m2. In figure 4 showed the simulation is 1.525 x 106 W/m2. 

Therefore, the theoretical and simulation result is identically. In conduction heat transfer analysis has some assumption. 

They are steady state condition, constant properties, one dimensional heat transfer analysis and the heat losses is neglect.   

6. CONCLUSION: 

 Copper material is 0.08 x 0.16 m. Finite element model which can be used for solving conduction heat 
transfer analysis has been successfully built with COMSOL and confirmed with theoretical results. The value of 
the conduction heat flux is 1.525 x 106 W/m2. 
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