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ABSTRACT 

Human activities always depend on their surroundings. We do not feel comfortable 

in a place that is too cold or too hot. Sometimes, we have economic, technical constraints 

and environment for the installation of air conditioning systems. That is why, this 

present work is done in order to issue a new creation, design a habitat of very 

good thermal comfort without any artificial air conditioning. As a result, we have transformed 

the long equation of thermal diffusion into a compact form. The latter was 

exploited by the finite element method coupled with the genetic algorithm. Hence 

obtaining a model to optimize the thermal conductivity of the new material 

that we will design. Finally, to concretize our article, a simulation with COMSOL 

Multiphysics 4.0a, covering all parametric requirements, has been developed. 

Keywords: finite element, Genetic Algorithm, model, thermal conductivity, COMSOL 

Multiphysics 4.0a. 

INTRODUCTION 

Poor thermal environment disrupts biological, mental and physical performance 

optimal for humans and which may lead to more or less long-term pathologies [1]. 

Hence the problem: how do we proceed in order to escape all these problems?  We try to solve 

the problem based on the properties of the material. Thus it is important for us to start with the 

phenomenon of thermal diffusion taking into account all the factors influencing it. The digital 

implementation processed with MATLAB2007b was made by adopting the finite elements of 

time dependent diffusion coupled with the genetic algorithm in order to determine the optimal 
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thermal conductivity. At the end of this work, simulation inspired by the real phenomenon with 

the software COMSOL Multiphysics 4.0a constitutive is conducted. The result will be presented 

and discussed. 

METHODOLOGY 

Transformation of the equation of the heat. 

Here we present the different step for the establishment of finite element model of time 

dependent diffusion equation.   

Let us take as a consequence the classic equation of the transfer of heat: 

𝛼(𝑥)
𝜕𝜙(𝑥,𝑡)

𝜕𝑡
−

𝜕

𝜕𝑥
[𝛽(𝑥)

𝜕𝜙(𝑥,𝑡)

𝜕𝑥
] + 𝛾(𝑥)𝜙(𝑥, 𝑡) = 𝛿(𝑥, 𝑡)  1.1 

Where 𝛼(𝑥),𝛽(𝑥),𝛾(𝑥),𝛿(𝑥, 𝑡), coefficients are related to applications private individuals.

Let us choose the method of Galerkin to formulate a model of element finished for the 

conduction thermal. 

Thus let us take the equation 1.1 by affecting: 𝛼 ⇒ 𝜌𝑐, which is the product of the specific heat 

and the density of the material, 𝛽 ⇒ 𝑘, which is the thermal conductivity, 𝛾 = 0, 𝛿 ⇒ −𝑄, and 

𝜙 ⇒ 𝑇 . 

Supposing that the solution of our equation is the shape: 

𝑇𝑅(𝑥, 𝑡) = [𝑁(𝑥)]{𝑇(𝑡)} 1.2 

The shape function is only a function of 𝑥, and the temperature T is only a function 

of the temporal variable 𝑡. 

Let us replace the temperature in the equation 1.1 by its new expression. We obtain: 

[𝜌𝑐][𝑁]
𝜕{𝑇}

𝜕𝑡
− [𝑘]

𝜕2[𝑁]

𝜕𝑥2
{𝑇} − 𝑄 = 𝑅(𝑥; {𝑇}) 1.3 

After few mathematical transformations of the equation 1.3, it gives: 

∫ ([𝑁]𝑇[𝜌𝑐][𝑁]
𝜕{𝑇}

𝜕𝑡
+

𝜕[𝑁]𝑇

𝜕𝑥
[𝑘]

𝜕[𝑁]

𝜕𝑥
{𝑇} − [𝑁]𝑇𝑄)

𝑉
𝑑𝑉 = ∫ [𝑁]𝑇[𝑘]

𝑆

𝜕[𝑁]

𝜕𝑥
{𝑇}𝑑𝑆     1.4 

The previous equation can also written in another form called compact expression: 

[𝐶]
𝜕{𝑇}

𝜕𝑡
+ [𝐾]{𝑇} = {𝐹}   1.5 

We thus try to find the solution of this equation by developing new specific program. It is 

necessary for us as a consequence to determine first of all the matrix coefficients [𝐶] and [𝐾] 

We know that:  

[𝐶] = ∫ [𝑁]𝑇[𝜌𝑐][𝑁]𝑑𝑉
𝑉

 1.6 

[𝐾] = ∫
𝜕[𝑁]𝑇

𝜕𝑥
[𝑘]

𝜕[𝑁]

𝜕𝑥
𝑑𝑉

𝑉
  1.7 
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[𝐾]: Standard stiffness matrix. 

[𝐶]: Capacitance matrix. 

ALGORITHM 

Finally {F} can take form: 

{𝐹} = ∫ [𝑁]𝑇[𝑘]
𝑆

𝜕[𝑁]

𝜕𝑥
{𝑇}𝑑𝑆 + ∫ [𝑁]𝑇𝑄𝑑𝑉

𝑣
      1.8 

Stage 1: The first term of F is set as zero ∫ [𝑁]𝑇[𝑘]
𝑆

𝜕[𝑁]

𝜕𝑥
{𝑇}𝑑𝑆 . Thus, it we 

remain to calculate ∫ [𝑁]𝑇𝑄𝑑𝑉
𝑣

 for the second member of our equation 1.5. 

Stage 2: Next we perform the matrix coefficients [𝐶] and [𝐾]. 

Stage 3: Determination of the temperature’s distribution: it is done by the use of the Runge-

Kutta algorithm. 

Stage 4: Combination of finite element program with Genetic Algorithm Optimization. 

The genetic algorithms are adaptive methods which can be used for Solve problems of research 

and optimization. It is the technique which imitates the theories of the biological evolution, 

following the example of Darwin’s postulates for the natural selection and survival of the 

strongest. These theories start from an initial population, apply a series of operators where the 

best survive, to generate descending values that inherit the best characteristics: 

• An initial population creation.

• Evaluation of each chromosome.

• Creating new chromosomes: production, crossing and mutation.

• Genetic manipulation to create a new chromosome population.

This final step enable us the determination of the optimal thermal conductivity which is used 

as a symbolic parameter for Multiphysics simulation. 

RESULTS 

Result with MatlabR2007b 

After compiling programs in MATLAB2007b and fixing the density, the specific heat of the 

material, allowing varying thermal conductivity. For the first iteration, we can see on the 

MATLAB window: 
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Figure 1: Thermal conductivity k at the first iteration. 

The operation stops at the ninth iteration when two straight lines converged as seen in the next 

figure. 

Figure 2: Optimal conductivity k. 

The optimal numerical values displayed in the MATLAB window command will be: 

TM =20.0032 [°C] 

721.9085 FIN 

-----FIN------ 

V1 = 0.021162 [W/m/K] 

V2 = 0.020542 [W/m/K] 

Tmax = 20.0032 [°C] 

V1 and V2 present matrix coefficients of conductivity k. 
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We notice that we need efficient machines to process the stains otherwise it is necessary to us 

at about 15mn to reach the end of the compilation. 

Result with COMSOL Multiphysics 4.a 

The result of thermal distribution for specific house structure using multiphysics simulator and 

the deduced optimal conductivity kOpt, of the first proposed house under external temperature 

about 50°C is presented in the following figure. 

Figure 3: Thermal distribution’s simulation. 

We have seen that the temperature decrease from the outside to inside untill we have got the 

ambiance required. 

CONCLUSION 

This article has given us a new vision on the exploitation of material properties for 

thermal application. Hence the adoption of the finite element method in this study is done. By 

this method coupled with the genetic algorithm, a model applicable to thermal diffusion and 

which seems closely to reality was designed. It allowed us to determine the optimal diffusion 

conductivity. At the next, we would conduct an experimental stage. First, we need to elaborate 

an artificial material with the theoretical diffusion constant and verify the thermal distribution 

for an example structure by using COMSOL Multiphysics 4.0a. 
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