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Abstract. The main objective of this research is to analyze the thermal behavior of walls submitted to 

different situations, through a program developed by the author. In the program, it is possible to vary 

the amount of layers in the wall with different materials, to change the color of the surface submitted to 

the solar radiation, as well as the orientation of the wall in relation to the Sun. The transient and one-

dimensional model of the heat equation for solve the problem. Four examples with different properties 

(number of layers, azimuth, surface absorptivity) were analyzed. The influence of these variations was 

verified in each case. In one example, the outer wall temperature without insulation was 28.1667 ° C, 

internal 27.0295 ° C, while the insulated wall temperatures were 28.1127 ° C and 25.5351 ° C. An 

internal wall reduction of 1.4944 ° C, with a decrease of 5.5287% of the temperature with the inclusion 

of 2cm (1 cm on each surface) of polystyrene, pearls. 
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1  Introduction 

From the earliest days, man seeks shelters to protect himself from environmental aggression 

and, through a process of millennial evolution, has developed mechanisms to obtain adaptation to the 

environment in order to improve his well-being [1]. 

The aim of this work is related to the need to reduce energy waste and increase the thermal 

comfort of the human being, through better thermal insulation in buildings. Energy-efficient building 

projects require knowledge about the external and internal conditions of the environments, in order to 

create solutions that associate different materials and thicknesses of the layers [2]. The study of heat 

transfer is justified by the possibility of mitigating the waste of energy, optimizing the thermal comfort 

of unheated environments such as public houses and public spaces, for example [3]. 

In this, computational simulation is used to demonstrate the problem of heat transfer, since it 

presents numerous advantages over analytical and experimental methods. 

2 Physical and Mathematical Modeling 

2.1.1 Physical model 

 
It is noted in the diagram that one of the walls is subjected to solar radiation, which depends on 

the time, represented by a function ( )G t , as well as convection, represented by the convection 

coefficient and the outside temperature is ( )T t . Note that the wall on the right side is subjected to 

convection only, and its temperature is ( )intT t . 

 

 
Figure 1. Physical model of a wall with n layers 

 

 

 

2.2.2 Optical equations 
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Equations (1) and (2) represent the factors that are responsible for the variation of radiation 

throughout the day, year and surface orientation. 

Hourly angle:  
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As the present work deals with the estimation of heat transfer in buildings of São Luís - MA, 

which also has great influence on the intensity of the radiation in the place, considered was φ  -

2,53073°. 

 

Inclined surface incidence angle cosine: 
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Horizontal incident angle  cosine: 

 

                                    ( ) ( ) ( ) ( ) ( ) ( )zcos θ sen δ cos φ cos ω sen φ sen δ                                (4) 

 

            Radiation Conversion Factor: 

 

For positive values of 
( )
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, it is represented by equation (5). 
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For negative values 
( )

( )z

cos θ

cos θ
, we consider equation (6). 
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2.2.3 Thermal equations 

 

Energy equation: 
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External wall: 
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            Interface: 
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Internal wall: 
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4 Numerical Analysis 
  

This chapter presents the procedure used to discretize the governing equations and the boundary 

conditions of the problem. There was spatial discretization through the Finite Volume Methods and for 

the transient terms, the temporal discretization using the implicit formulation.  

5 Results 
 

The collected data (ambient temperature, radiation and latitude) are about São Luís - MA and 

were collected from INMET National Meteorological Institute [4]. 

For each simulation, 10 volumes were used in each layer; process time: from 8:00 a.m. to 4:00 

p.m. internal temperature: 25°C; external convection coefficient 
228 /W m K : and internal: 

26 /W m K
; with time step of 0.1s. 

In all, four (4) different examples were performed, in which the input parameters were varied 

for the evaluation of the relation cause effect of the properties, as shown in Table (1). 

 

Table 1. Examples used in the simulation 

                                     Azimuth Surface 1st layer 
2nd 

layer 
3rd layer 

Ex.1 270° white paint 
0,09m _ _ 

brick   

Ex.2 270° white paint 
0,01m 0,09m 0,01m 

polystyrene, pearls brick polystyrene, pearls 

Ex.3 90° white paint 
0,01m 0,09m 0,01m 

polystyrene, pearls brick polystyrene, pearls 

Ex.4 90° black paint 
0,01m 0,09m 0,01m 

polystyrene, pearls brick polystyrene, pearls 
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Figure 2. Temperature distribution on the wall. Ex.1 

 

 
Figure 3. Temperature distribution on the wall. Ex.2 
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Figure 4. Temperature distribution on the wall. Ex.3 

 
Figure 5. Temperature distribution on the wall. Ex.4 

 

 

In Ex. 1, the external wall temperature was 28.1667°C, internal 27.0295°C, while the 

temperatures in Example 2 were 28.1277°C and 25.5351°C. An internal wall reduction of 1.4944 ° C, 
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with a decrease of 5.5287% of the temperature with the inclusion of 2cm (1 cm on each surface) of 

polystyrene, pearls. Figure (3) illustrates the temperature distribution in Example 2. 

When comparing the temperature distribution between examples 2 and 3, Figures (3) and (4), a 

significant difference is noted between the two external temperatures, 28.1277 ° C in example 2 and 

32.7606 ° C, in Example 3. 

 It is noteworthy that, although there is a considerable temperature difference in the external 

surfaces, the internal surfaces of Ex 2 and Ex 3 were respectively: 25.5351°C and 25.6111°C, error of 

0.2967%, evidencing the effectiveness of the insulation with polystyrene, pearls. 

The external wall of Ex. 3 has an external temperature of 32.7606°C, against Ex. 4, 50.6815°C, 

a difference of 35.3598%. Already the percentage difference of the internal surfaces was of 2,3114%. 

6 Conclusions 
 

In this work a numerical-computational study on the temperature behavior of multilayer walls 

was developed, analyzing 4 (four) examples with different properties (number of layers, azimuth, 

surface absorptivity). 

The results indicated that: 

• Without the presence of the insulating material (polystyrene), the internal temperature of the 

wall is considerably more sensitive to the temperature of the external surface of the wall. 

• The presence of two layers (one on each side of the wall) of polystyrene pearls contributed in 

a relevant way in the thermal insulation of the wall, generating remarkable temperature difference 

between the external and internal surfaces under the most diverse situations. 

• Due to optical issues of solar radiation, it has been noted that different orientations lead to 

different temperatures on the inner and outer surfaces. When solar declination is zero, there is a higher 

solar incidence in the morning on the eastward-facing wall and greater solar radiation in the afternoon 

on west-facing walls and zero radiation on north- or south-facing walls. 

• When solar radiation on a horizontal surface is maximum at noon, the vertical surface (wall) 

will always have zero radiation. 

• Because the wall declination is 90 °, regardless of the azimuth, each wall will remain a few 

hours during the day suffering direct solar radiation. 

• The exterior painting of a building is very relevant for the temperature in the wall, the lower 

absorbance surfaces being the best for the reduction of the internal temperature in a tropical 

environment. 

• The effect of the convection tends to oppose the effect of the radiation when it has higher 

intensity, because it causes the wall to give up the heat that it gained from the radiation to the medium 

when the temperature of the medium is smaller than the wall. 
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