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Abstract—An energy transfers across a system boundary due to a tempera-

ture difference by the mechanism of inter-molecular interactions called conduc-

tion heat transfer. In the present work, a mathematical model and a simulation 

based on Energy 2D V 3.0.1 simulator are presented to study the effect of the 

conduction parameters: thermal conductivity, surface contact area, temperature 

difference and conduction distance on the heat transferred by the conduction 

mode. 
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1 Introduction 

Conductive heat transfer is widely used in several electronic equipment. The de-

sign of conductive systems has been approached by various methods, in which the 

optimization of heat transfer parameters is of particularly interest [1-8]. However, the 

interaction between the heat conduction mode parameters is becoming a challenging 

problem for designers.  

Determining the effective thermal conductivity and total diffusivity of saturated 

and unsaturated porous media are the focus to goodly number of studies, which un-

derlies the centrality of the property in both theoretical work and interpretation of 

experimental data. Temperature distributions in heated packed beds of spheres are 

used with solution of the inverse problem for transient heat transfer, and with a step 

change in the boundary heat flux, the effective conductivity may reach a value several 

times higher than at steady state [9]. 

Experimental investigations include the thermal conductivity of Kapton HN sheets 

at super fluid helium temperatures, the use of a novel cylindrical hot wire probe to 

determine the conductivity of biological tissue, and the determination of the role of 

moisture in the insulation effectiveness of certain insulations and building materials 

[10-12]. The effects of the temperature difference of the conduction is analyzed and 

presented. Experimental results are presented for boiling off silicon chips with micro-

pin-fins [13]. The rate of heat flow between two objects is proportional to their differ-

ence in temperature. 
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Laplace transforms are used to calculate transient heat flow through multilayer 

spherical structures [14]. Parallel computations are performed for lower and upper 

bounds of temperature in a conjugate heat transfer problem [15]. A domain decompo-

sition method is described for three-dimensional boundary-element models in heat 

conduction [16]. The simulation of heat transfers and related processes is achieved by 

numerical solution of the governing partial differential equations. 

In this research study, the temperature dependency of PV panel output performance 

was investigated in Amman-Jordan using Energy 3D V8.2.5 simulator.  

2 Conduction Heat Transfer 

Conduction is an energy transfer across a system boundary due to a temperature 

difference by the mechanism of inter-molecular interactions. Conduction needs matter 

and does not require any bulk motion of matter. The physical mechanism of conduc-

tion is most easily explained by considering a gas and using ideas familiar from the 

thermodynamics background. Considering a gas in which a temperature gradient 

exists, and assuming that there is no bulk, or macroscopic, motion. The gas may oc-

cupy the space between two surfaces that are maintained at different temperatures. It 

is associated the temperature at any point with the energy of gas molecules in proxim-

ity to the point. This energy is related to the random translational motion, as well as to 

the internal rotational and vibrational motions, of the molecules [17]. 

Fourier’s law developed from observed phenomena rather than being derived from 

basic principles. Hence, we view the rate equation as a generalization based on much 

experimental evidence. For example, consider the steady-state conduction experiment 

of a cylindrical rod of known material is insulated on its lateral surface, while its end 

faces are maintained at different temperatures, with T1 > T2. The temperature differ-

ence causes conduction heat transfer. We are able to measure the heat transfer rate q 

(W), and we seek to determine how q depends on the following variables: !T (˚C), 
the temperature difference; !x (m), the length; and A (m2), the cross-sectional area. 

We might imagine first holding !T and !x constant and varying A. If we do so, we 

find that q is directly proportional to A. Similarly, holding !T and A constant, we 

observe that q varies inversely with !x. Finally, holding A and !x constant, we find 

that q is directly proportional to !T. The collective effect is then !!!!!!!!!!!! 
In changing the material (e.g., from a metal to a wood), we would find that this 

proportionality remains valid. However, we would also find that, for equal values of 

A, !x, and !T, the value of q would be smaller for the plastic than for the metal. This 

suggests that the proportionality may be converted to an equality by introducing a 

coefficient that is a measure of the material behavior. Hence, we write: ! ! !!!!!!!!!! 
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where k, the thermal conductivity (W/m.K) is an important property of the materi-

al. Evaluating 

this expression in the limit as !x approach to zero, we obtain for the heat rate ! ! !!!!!!!!!!! 
3 Energy 3D simulation 

Based on computational physics research, Energy2D is an interactive, visual Mu 

tiphysics simulation program that models all three modes of heat transfer—

conduction, convection, and radiation, and their coupling with particle dynamics. 

Energy2D runs very quickly on most computers and eliminates the switches among 

preprocessors, solvers, and postprocessors typically needed to perform computational 

fluid dynamics simulations. It allows you to design "computational experiments" to 

test a scientific hypothesis or solve an engineering problem without resorting to com-

plex mathematics. 

4 Simulation results and discussion 

Thermal conductivity K is the property of a material to conduct heat. Figure. 1 

shows Energy 2D simulation result of the uses of different material: wood and metal 

with a heat source at 50 ˚C. It is noted that the heat transfer through the metal can 

reach the steady state before the wood. The temperature in the vessel after the wood 

was 24.1 ˚C while it was 50 ˚C (Steady state) in the vessel after the metal.  
The simulation shows that the temperature depends on the dimension. It is found 

that the temperature distribution can achieve the steady state situation in the large area 

faster than in the small area see figure. 2. The temperature using A.1 is 47.9 at the 

second vessel and 50 (steady state) using A.2. Overall, the amount of heat conduct-

ed, Q, is proportional to the cross-sectional area, A 

The rate of heat flow between two objects is proportional to their difference in 

temperature. Based on the figure. 3 it is noted that the time required to achieve the 

steady state situation is same for two different temperature differences 100 and 50 ˚C. 
Overall, the greater the difference in temperature between the two ends of the bar, the 

greater the rate of thermal energy transfer, so more heat is transferred. The heat, Q, is 

proportional to the difference in temperature. 
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Fig. 1. Simulation result of different thermal conductivity 

 

Fig. 2. Simulation result of different areas 

 

Fig. 3. Simulation result of temperature differences 
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Fig. 4. Simulation result of conduction distance 

The longer the distance, the less heat that will make it all the way through. There-

fore, the conducted heat is inversely proportional to the distance of conduction see 

figure. 4. 

Figure. 5 shows the interaction of the parameters effect the conduction heat trans-

fer mode. Thermal conductivity of the used substance is a major issue as the thermal 

conductivity as well the cross-section area proportional to the amount of the heat 

transferred as it is noted in figure.5a that the metal reaches the steady state faster than 

the wood. Thus, the metal can transfer the heat efficient than the wood. Big cross 

section area component can reach the steady state faster than the small cross section 

area components see figure. 5b. Higher temperature difference means higher heat 

transfer amount as it is noted in figure. 5c. The conduction distance inversely propor-

tional to the amount of heat transfer as clearly seen in figure. 5d. 

On the molecular level, the molecules near the heat source are heated and begin vi-

brating faster. They bounce off nearby molecules and cause them to vibrate faster. 

That increased bouncing is what heats a substance. Take in the consideration the dif-

ferent properties of the objects into account when we want to examine the conduction 

that takes place. for example, cross-sectional area and length, along with the tempera-

ture at different parts. 

5 Conclusion 

The interaction of the parameters of the amount of heat transferred by conduction 

in a given amount of time, t, down a length L, where the cross-sectional area is A. 

Here, k is the material’s thermal conductivity are studied. It is found from the simula-

tion result that: 
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Fig. 5. Simulation result of heat conduction parameter interaction 

The greater the difference in temperature between the two ends of the bar, the 

greater the rate of thermal energy transfer, so more heat is transferred. The heat, Q, is 

proportional to the difference in temperature: 

 !"!! 

The amount of heat conducted, Q, is proportional to the cross-sectional ar-

ea, A, like this: !"! 

The conducted heat is inversely proportional to the length: !!!!!!!!"!!!! 
The amount of heat transferred, Q, depends on the amount of time that passes:  !"# 
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