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Abstract: Through the application of Fourier's law, it is conceivable to examine the thermal conductivity 

of both carbon and copper fluid with copper-chromium, bringing potentially a promising perspective for 

the fabrication of materials possessing enhanced thermal transfer properties. In this Research, the 

estimated thermal conductivity values of a composite established with the Fourier Law will be compared.  

The research carried out illustrates how the migration of Copper-Chromium (Cu-Cr) from the matrix to 

the interface modifies the thermal conductivity of carbon/copper (C/Cu) composites. For estimating heat 

flow values across various Cu-Cr material thicknesses, C/Cu composites were adopted. Heat transfer 

coefficients have recently been the object of several studies in literature, however, the vast majority of these 

are based on experimentation with little basic theoretical work available. The challenges encountered in 

understanding high-temperature and vacuum configurations may be partially responsible for this research 

gap. A numerical simulation methodology for analyzing heat was introduced in the study. An analytical-

numerical simulation framework for the solid carbon/liquid copper-chromium system has been provided in 

the article. 
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Introduction 
 

When developing high-performance microelectronic electrical circuits that power many kinds of 

devices, including radar systems, satellites, batteries, and many other kinds of electronics, efficient 

control of temperatures is a crucial and fundamental consideration. Recent advancements in 

technology have enabled the development of tightly packed high-power devices. Additionally, 
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numerous pieces of electrically powered devices generate a lot more heat when they are running 

than when they are in standby mode [1-5]. As a result of the conventional positive air-cooling 

approaches are no longer as effective, which has increased the need for cutting-edge thermal 

management strategies for improving the life expectancy and efficiency of these technological 

devices. Conduction comprises the fundamental mechanism of passing along heat in technological 

devices [8-11]. Therefore, it becomes essential to take consideration of essential considerations 

while constructing an efficient heat sink, such as high thermal conductivity, low coefficient of 

thermal expansion (CTE), and acceptable machinability [12]. 

precisely a consequence, materials possessing such characteristics are of the utmost importance 

for the creation of sustainable temperature control solutions for an assortment of applications. 

Copper (Cu), which has become renowned for its extraordinary conductivity, stands out as a 

material that possesses outstanding machinability and financial sustainability. As a result of this, 

it is a potential decision-making for implementation in thermal management device design [13-

15]. It’s somewhat reduced mechanical strength, however, precludes this material from possessing 

a broader spectrum of applications. For developing high-strength and highly efficient temperature 

control devices, researchers have been investigating the development of composite materials, 

typically composed of numerous components restricted together through physical or chemical 

methodologies. For the manufacture of various composite materials with improved heat 

management capabilities, for illustration, various thermally conductive additives including 

aluminum (Al), silver (Ag), and others have been implemented as fillers throughout polymer 

matrices [16-19]. 

Additionally, copper (Cu)-containing composite materials have been investigated and 

demonstrated to perform somewhat more effectively when it comes to heat management. Due to 

the unique combination of high strength as well as suitable conductivity, researchers have 

demonstrated a particular interest in copper-chromium (C-Cr) and copper/diamond composites. 

However, their widespread application in large-scale thermal management applications has been 

restricted by the challenging machinability of Cu/diamond composites and the substantially more 

impoverished thermal insulation of Cu-Cr [20-22]. The requirement for creative thinking and the 

creation of novel materials that offer an appropriate combination of high conductivity, improved 

machinability, superior physical characteristics, and greater endurance is putting put pressure on 

materials scientists. Due to their enormous surface area, powerful mechanical strength, excellent 

http://xisdxjxsu.asia/


Journal of Xi’an Shiyou University, Natural Science Edition                                                                       ISSN: 1673-064X 

 

http://xisdxjxsu.asia                                                 VOLUME 20 ISSUE 05 MAY 2024                                              519-532 

electrical conductivity, thermal stability, and lightweight, carbonaceous materials are currently 

gaining an enormous amount of attention. 

Carbonaceous materials, that possess the desired dimensional stability along with excellent 

thermal features, ranging have an extensive variety of makes use of composite materials. 

Consequently, the creation of composite materials incorporating the characteristics of copper and 

carbon provides the potential to supply an ideal material that possesses greater conductivity and 

machinability. We offer a numerical examination that concentrates on a heat transfer model that 

applies to the solid-carbon/liquid-copper system in this context. 

Liquid melt infiltration (LMI) is a popular technique for manufacturing these composite materials. 

Mathematical modeling has been employed to examine the parameters determining the thermal 

management performance of these manufactured composite materials. Fourier's law is used to 

analyze how heat conducts within the composite materials that were previously manufactured [23-

24]. It was investigated how the concentration of carbon affected thermal conductivity. Although 

fullerene soot has a much lower thermal conductivity than carbon nanotube-containing 

composites, a comparison of the thermal conductivity of Cu-fullerene soot composites and Cu-

based composites reported in the literature revealed that the prepared materials are not less 

thermally conductive than carbon nanotube-containing composites. 

Pure copper is regarded as a low strength material although being a common, reasonably priced, 

and highly conductive substance. Copper compounds with excellent mechanical properties can be 

produced through alloying, however the conductivity of copper is much decreased. A material with 

great strength and negligible loss of conductivity can be produced by dispersion hardening. A 

material's mechanical characteristics can be considerably improved by the incorporation of 

fullerenes and carbon nanotubes [25].  

The ability to characterize heterogeneous materials through brute force analysis is growing more 

and more prevalent as modern computers' processing capability increases. What was only possible 

a few decades ago with basic or extremely symmetrical models, especially in 2D, is now possible 

even with household computers. The representative volume element (RVE) [26], which specifies 

the minimum size of a representative cell needed to provide attributes of composite material under 

a specific inaccuracy, is the foundational concept of this accomplishment. 

It is now conceivable to simulate sufficiently large RVEs to investigate the characteristics of novel 

metal matrix composites reinforced with carbon nanofibers (CNF) using computer power, which 
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is already readily available. These are a novel class of engineering materials that provide the 

opportunity to customize characteristics and satisfy needs, as in heat sinks. For example, because 

of their low cost, good machinability, small coefficient of thermal expansion, and potential for 

high electrical and thermal conductivity, CNF-reinforced copper composites are a great choice for 

use as an electrical contact material and/or substrate for semiconductor devices.  

In the context of production and consumption, copper and copper alloys remained one of the most 

common types of commercial metals, standing in third only to aluminum and iron/steel. Their 

superior electrical and thermal conductivities, exceptional resistance to corrosion, ease of 

manufacturing, and durability and fatigue resistance make them frequently utilized. Electrical 

contacts, cables, wires, and many other components that need to carry electrical current are made 

mostly of pure copper [27-28].  

Nevertheless, because of its substandard mechanical attributes, its use at high temperatures has 

limitations. Copper's application scope has been broadened by adding hard particles to the matrix, 

which not only improves mechanical performance and wear resistance but also maintains copper's 

favorable electrical and thermal conductivity [29]. Compared to pure copper and copper alloys, 

copper-based composites' high strength, high conductivity, resistance to high temperatures, and 

wear characteristics are essential and required characteristics for resistant electrodes, electric 

contact materials, and many other industrial applications [30]. 

 

Mathematical Modeling 

 
When favorable conditions have been created, the rate of thermal motion can be monitored for 

quantifying heat transfer. The rate of thermal transfer through an environment is directly 

proportional to the negative temperature gradient and the area through which heat moves around, 

according to Fourier's law. According to the way electrical resistance along electrical conduction 

has a relationship, heat resistance is precisely inversely proportional to heat conductance. 

Fundamental concepts in physics and engineering, among them heat conduction describe how heat 

advances through an environment over time. The concepts are frequently used in various fields of 

solid-state physics, fluid dynamics, and thermodynamics. Let's examine them more thoroughly in 

detail: 

Just as electrical resistance is related to power conduction, heat resistance is directly proportional 

to heat conductivity. Thus, heat transmission and thermal resistance are comparable. 
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 [24, 25]. A particular method to characterize heat conduction is Equation A. 

 

 Heat Flow = 
𝑫𝒊𝒇𝒇𝒆𝒓𝒆𝒏𝒄𝒆 𝒊𝒏 𝑻𝒉𝒆𝒓𝒎𝒂𝒍 𝑷𝒐𝒕𝒆𝒏𝒕𝒊𝒂𝒍

𝑹𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 𝒕𝒐 𝒉𝒊𝒈𝒉 𝑻𝒆𝒎𝒑𝒓𝒂𝒕𝒖𝒓𝒆
                                       (A) 

The thermal potential difference, or temperature change (∆𝑇) that denotes the difference between 

the system's internal and external temperatures, can be applied to determine the amount of heat 

conduction in this context. The system's heating properties are evaluated using thermal resistance. 

It can be accomplished to calculate this thermal resistance using Equation B.                                                 

Resistance to high Temperature = 
𝑳

𝑲𝑨
      (B) 

where L, k, and A are the values for the plate thicknesses, thermal conductivities, and area, 

correspondingly, in the above formula. Following Fourier's Law, "The rate of heat propagation 

through a material over a certain period is directly proportional to the negative variation in 

temperature and to the surface area." 

Equation C presents a mathematical representation of the Fourier law. 

 𝑞 = −𝑘∆𝑇                             (C)  

Here, the terms k, q, and ∆𝑇 stand for the material conductivity, temperature difference, and heat 

flow density, respectively. 

 

 

                             Figure 1: Heat transportation from one material to another material at different temperatures. 
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We focused on using Fourier's law to determine the transportation of heat in a system consisting 

of liquid copper and solid carbon. Assume a particular scenario: three plates made of liquid copper 

and solid carbon are put through to heat. A tiny quantity of Cu-Cr (copper-chromium alloy) is used 

to join the copper and carbon components. 

To attain this goal, we first divided Fourier's rule into three basic parts, which are represented by 

Equations D through F. 

   

    𝒒𝑪 =  −𝑲𝑨𝑨 
𝑻𝟐− 𝑻𝟏

∆𝑿𝜶
          (D) 

    𝒒𝑪𝒖 =  −𝑲𝑩𝑨 
𝑻𝟑− 𝑻𝟐

∆𝑿𝜷
         (E) 

    𝒒𝒄𝒖−𝑪𝒓 =  −𝑲𝒄𝑨 
𝑻𝟒− 𝑻𝟑

∆𝑿𝜸
         (F) 

 

Equation D shows the heat flux through the carbon fiber, the thickness is expressed by ∆𝑋𝛼, and 

the temperature difference indicates the material's thermal potential. The heat flux through the 

copper material is shown in Equation E, where the thickness is indicated by ∆𝑋𝛽and the 

temperature change represents the carbon fiber's thermal potential. The heat flux quantities for 

Copper-Chromium (Cu-Cr) with thickness represented by ∆𝑋𝛾 are expressed in Equation F. As a 

result, Equations D through F can be added together to create Equation G, which is the result of 

adding up all three equations. In the meantime, Equation H is the last formula used to determine 

the system-wide heat flow, or in other words, Equation H illustrates the simplified form of the 

Fourier law. 

 

         𝒒 =  
𝑻𝟐− 𝑻𝟏+  𝑻𝟑 − 𝑻𝟐+ 𝑻𝟒− 𝑻𝟑

−
∆𝑿𝜶
𝑲𝜶𝑨

 −  
∆𝑿𝜷

𝑲𝜷𝑨
  − 

∆𝑿𝜸

𝑲𝜸𝑨
   

       (G) 

               𝒒 =  
𝑻𝟒− 𝑻𝟏

∆𝑿𝜶
𝑲𝜶𝑨

  +  
∆𝑿𝜷

𝑲𝜷𝑨
 + 

∆𝑿𝜸

𝑲𝜸𝑨
   
       (H)                 

 

The process that occurs when thermal energy (heat) passes from some parts of a material that is 

warmer to a region the fact that is cooler is commonly referred to as heat conduction. It develops 

because of interactions between atoms in proximity, molecules, or electrons in the material in 
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question. The temperature gradient (difference in temperature between two places) and the 

material's thermal conductivity are the two parameters that affect the pace of heat conduction. 

 

Result and Discussion 

 
In the present investigation, we implemented Fourier's law within the numerical analysis of heat 

passing on Copper, which used to be considered as durable, has begun to deteriorate mechanical 

strength and is no longer a viable option because of this. Our first plan was to find a material that 

satisfies our requirements for high mechanical strength as well as favorable thermal conductivity. 

A table featuring individual heat flux values corresponding to different thicknesses of the copper 

and copper-chromium composite has been generated using the heat flux values from equation H, 

which characterizes the material's heat flux. Establishing the most appropriate heat flow 

parameters along with figuring out the importance of thickness in the present scenario are our 

primary objectives. 

A one-meter square area of solid carbon, liquid copper, and Copper-Chromium was fixed in Table 

1.  

 

Table 1 demonstrates variations in heat flux based on various Copper-Chromium thicknesses 

∆𝑥𝑐, with fixed solid carbon (∆𝑥α = 10 µm) and liquid copper (∆𝑥β = 6µm) thicknesses and thermal 

conductivities of the three materials of solid carbon, liquid copper and Copper-chromium is 1000 

W/m-K, 401 W/m-K, and 323.4 W/m-K respectively. 

   ∆𝑇(𝐾)   

      10    20     30     40 

 0.25 388.566 777.132 1165.679 1554.265 

∆𝑥𝛾 0.5 377.246 754.570 1131.715 1508.940 

 0.75 366.546 733.192 1099.648 1466.184 

 1 356.456 712.992 1069.348 1425.784 

 

In this situation, however, Copper Chromium thickness has the reverse consequences, causing an 

overall decrease in heat flux as it thickens. By observing Table 1, the temperature increment causes 

an increment in heat conductivity with a corresponding thickness of the copper-chromium alloy, 

this can be noticed that the thickness of solid carbon, and liquid copper was fixed but the thickness 

of copper-chromium changes from 0.25 𝜇𝑚 to 1 𝜇𝑚at thickness of 0.25 𝜇𝑚 the heat conductivity 
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increased from 388.566 𝑤/𝑚2 to 1554.265 𝑤/𝑚2, which is the highest increment of heat flux at 

temperature difference 40K. 

 

Table 2 depicts variations in heat flux based on various Copper-Chromium thicknesses  

∆𝑥𝑐, with fixed solid carbon (∆𝑥α = 10𝜇𝑚) and liquid copper (∆𝑥β = 5𝜇𝑚) thicknesses. 

   ∆𝑇(𝐾)   

      10    20     30     40 

 0.25 430.258 860.516 1290.774 1721.032 

∆𝑥𝛾 0.5 416.408 832.816 1249.224 1665.632 

 0.75 403.422 806.844 1210.266 1613.688 

 1 391.221 782.442 1173.664 1564.885 

 

In above Table 2, the thickness of liquid copper is reduced by one unit from 6𝜇𝑚 to 5𝜇𝑚, and the 

result can be analyzed as per the change in heat flux increased with an increment of temperature 

difference from 10K to 40K, the maximum value of heat flux observed was at 

0.25𝜇𝑚 𝑡ℎ𝑒 thickness of copper-chromium and at a temperature difference of 40K which is 

1721.032. 

 

Table 3 exhibits variations in heat flux based on various copper-chromium thicknesses  

∆𝑥𝛾, with fixed solid carbon (∆𝑥α = 10𝜇𝑚)and liquid copper (∆𝑥β = 4𝜇𝑚)thicknesses. 

   ∆𝑇(𝐾)   

     10    20    30     40 

 0.25 481.971 963.943 1445.915 1927.887 

∆𝑥𝛾 0.5 464.659 929.319 1393.978 1858.638 

 0.75 448.547 897.095 1345.643 1794.190 

 1 433.515 867.031 1300.547 1734.063 

 

 The heat flux values displayed in Tables 1, 2, and 3 have been employed to optimize the thickness 

of the copper composite concerning deviations in copper-chromium thickness by using a 

simplified form of the Fourier law equation H.  
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Figure 2: Graphical representation of heat flux when the thickness of liquid copper is ∆𝒙𝛃 = 6µm 

 

Figure 3: Graphical representation of heat flux when thickness of liquid copper is ∆𝒙𝛃 = 5µm 
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Figure 4: Graphical representation of heat flux when the thickness of liquid copper is ∆𝒙𝛃 = 4µm. 

 

Figures from 2- 4 represent the graphical increment of the heat flux, as it can be seen through all 

three graphs that the slope is positive and conductivity is continuously increasing with increment 

in temperature. The above graphs showed that as the thickness of liquid copper decreased from 6-

micron meters to 4-micron meters the conductivity increased from 1600 w/m-k to 2000 w/m-k. 

The results indicate the change in thickness is caused by to change in heat transformation or heat 

conductivity, as it can be seen through the observation that the thickness directly affects the thermal 

change in material, this cause may represent the relationship between the material and the epoxy 

which make the material to be bonded strongly with each other. Another important observation 

that can be analyzed here is that each table has a different thickness of material, and each thickness 

also affects the heat conductivity, and on the other hand temperature fluctuation has a big impact 

on conductivity.  

 

Conclusion: 

 
The thermal conductivity of a composite constructed from solid carbon and liquid copper was 

extensively investigated computationally in this research undertaking, with copper-chromium 

functioning as the thermal interface interconnecting these two materials. To put together a 

composite system with higher thermal properties, the main goal of this work was to expand on the 

encouraging findings from preceding research and apply them to a different material configuration. 
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Heat conductivity numerical studies hold significance for several reasons. It costs an enormous 

number of resources to conduct tests to measure heat conductivity since there are the materials, 

labor, and equipment needed. Using numerical simulations may decrease expenditures by 

replacing costly trials with a more feasible alternative. Particularly compared to experimental 

investigations, numerical simulations could potentially be carried out rather quickly, giving 

researchers more time to investigate a larger range of scenarios and factors. Complex 

configurations, boundary conditions, and the characteristics of materials can be examined with 

flexibility using numerical simulations, which might be challenging or unattainable to execute in 

experimental environments. Scientific progress can be enhanced, and collaboration facilitated by 

the easily shareable and investigated data that numerical examinations make available to other 

researchers. Scientists and engineering professionals can optimize designs and forecast the 

performance of heat exchange systems under numerous circumstances by using established 

numerical models for predictive purposes. In general, numerical studies provide economical, 

effective, and versatile tools for investigation and application in engineering, hence supplementing 

experimental approaches in the study of heat conductivity. The findings we obtained demonstrated 

that one of the primary variables contributing to the enhanced thermal conductivity of the system 

made of composites was an increase in copper-chromium thickness. On the other conjunction, an 

increase in carbon content had the opposite effect, diminishing thermal conductivity. Following a 

result, we concluded to the conclusion that the material's thickness represented the most significant 

variable in achieving enhanced thermal conductivity. 
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