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ABSTRACT 

This paper presents a one-dimensional numerical investigation to study the heat exchanging and the 

thermal comfort conditions inside a building room during the heating season. three walls of the room 

are insulated, and the remained wall is constructed with brick that is embedded with phase change 

material (PCM). The mathematical model is based on pure conduction in brick and PCM, and on natural 

convection in the indoor air; the non-insulated wall is subjected to a constant temperature at the external 

surfaces. The enthalpy method is used to resolve energy equations in both solid and liquid phases of 

PCM. The natural convection inside the liquid phase of PCM storage unit is taken into account in via 

the dependence of the effective thermal conductivity on the liquid fraction. The model developed in 

this study is analyzed and compared with literature, and a good agreement is showed. Then, a parametric 

study for different geometrical and thermo-physical parameters of the building room is conducted. 
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1 Introduction  

The heat comfort in buildings means to obtain the right thermal environment to avoid certain daily 

inconveniences. In fact, an unwell regulated temperature disrupts the well-being of the occupants at a home. 

Thermal comfort means to adjust the environment between the in-home temperature and the external 

conditions to better control the energy consumption. That is good for the daily fees and good for the planet, 

in particular by limiting the greenhouse effect. In this paper, we address the one-dimensional analysis that 

aims to comprehensively understand the mechanisms of heat exchange and thermal comfort conditions 

inside the building room during the heating season. The focus of the study is on a room with three insulated 

walls and a fourth wall built of brick and  embedded with a phase  change material of the RT25 type, as 

shown in the corresponding figure  Fig. 1.: 

 

Figure1: Schematic of the considered geometry. 
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Table 1:Thermo-physical properties of RT25, Clay Brick and Air [2], [3], [4] 

 

The mathematical model, formulated for unsteady one-dimensional coordinates is written on dimensional 

form as: 

For the brick region:  

𝜕𝑏𝑟
2𝑇(𝑥, 𝑡)

𝜕𝑥2
=

1

𝛼𝑏𝑟

𝜕𝑇𝑏𝑟(𝑥, 𝑡)

𝜕𝑡
, 𝑡 > 0,    0 < 𝑥 < 𝑋𝐵                         (1.1) 

𝑇𝑏𝑟(𝑥, 𝑡) = 𝑇𝑜𝑢𝑡 ,                              𝑡 > 0, 𝑥 = 0                              (1.2) 
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, 𝑡 > 0, 𝑥 = 𝑋𝐵                     (1.3) 

 

           For the PCM region:  

𝑘𝑝𝑐𝑚

𝜕2𝑇𝑝𝑐𝑚(𝑥, 𝑡)

𝜕𝑥2
= 𝜌𝑝𝑐𝑚

𝜕𝐻(𝑥, 𝑡)

𝜕𝑡
, 𝑡 > 0, 𝑋𝐵 < 𝑥 < 𝑋𝐶          (1.4) 

−
𝑘𝑝𝑐𝑚 (𝜕𝑇𝑝𝑐𝑚(𝑥, 𝑡))

𝜕𝑥
= ℎ(𝑇𝑝𝑐𝑚 − 𝑇𝑎𝑖𝑟), 𝑡 > 0, 𝑥 = 𝑋𝐶            (1.5) 

 

For the air region, the energy balance can be expressed as: 

𝜙𝐶 = 𝜙𝑎𝑖𝑟 ⇒ ℎ𝐿(𝑇𝑝𝑐𝑚(𝑥 = 𝑋𝐶) − 𝑇𝑎𝑖𝑟) = (𝜌𝑐𝑝)𝑎𝑖𝑟𝐿2
𝜕𝑇𝑎𝑖𝑟(𝑡)

𝜕𝑡
,      (1.6) 

   The enthalpy, H, is a function of temperature, T: 

𝐻(𝑇) = {
𝑐𝑝𝑝𝑐𝑚(𝑇 − 𝑇𝑚 ),                               𝑇 < 𝑇𝑚 

𝑐𝑝𝑝𝑐𝑚(𝑇 − 𝑇𝑚 ) + 𝑞                         𝑇 > 𝑇𝑚 
                                (1.7)  

and at the melting point of the PCM, the enthalpies of  solid and   liquid   phases  at  the  melting  point 

are  0 and q, respectively. 

From these equations (1.7), the temperature ´T´ is: 

𝑇 = {

𝑇𝑚 +  𝐻/𝑐𝑝𝑝𝑐𝑚                         𝐻 < 0        

𝑇𝑚                                                     0 ≤ 𝐻 ≤ 𝑞       

𝑇𝑚 + (𝐻 − 𝑞)/𝑐𝑝𝑝𝑐𝑚             𝐻 > 𝑞       
       

In  the  following,  we  will  adopt  the  numeric  resolution  with using the Finite Difference Method, each 

location and time are represented by i and n. 

 𝑇(𝑥, 𝑡) = 𝑇𝑖
𝑛 = 𝑇(𝑖𝛥𝑥, 𝑛∆𝑡) 
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 Tsolide (K) TLiquide (K) L (kj/kg) Cp(kj/kg.K)  (kg/m3) K(w/mK)  (kg/m.s) 

RT25 300.15 302.15 230 2 770: 880 0.2 0.026 

Clay Brick - - - 741000 664 207 - 

Air - - - 1.00144 1.22 0.026 1.789x10-5 
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