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Abstract. This study aims to compare and evaluate five hollow brick 
configurations with different internal structures, derived from a reference 
brick (HCB8), in order to identify the configuration providing the best 
thermal insulation performance under the studied conditions. The results 
show that the internal distribution of the solid material and air significantly 
affects the thermal resistance and that the performance ranking of the 
configurations varies depending on the operating parameters. The 
configurations conf-5 and conf-4 offer the best thermal insulation for k 
=0.207 W/ m .K and k=0.925 W/ m .K respectively. Replacing air by EPS 
or PUF, conf-4 offers the best thermal performance, followed by conf-2, 
generally the least efficient in terms of insulation. These results highlight the 
importance of taking outdoor conditions and material properties into account 
in thermal analysis, as they can significantly alter the ranking of geometric 
performance. 
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1 Introduction 

Managing heat transfer within the building envelope is a major global challenge, both in 
terms of thermal comfort and reducing energy consumption in buildings. This sector accounts 
for more than 36%of global energy consumption and nearly 37% of emissions of CO₂ 
associated with it [1] In regions characterized by significant climatic contrasts, homes are 
particularly exposed to seasonal variations, leading to significant thermal discomfort when 
walls are not adapted [2], [3] 
Among the various components of the building envelope, improving the insulation of walls 
remains one of the most effective ways to reduce energy requirements for heating and air 
conditioning. Several strategies exist, i) interior insulation, which is protected from the 
elements but may pose a risk in the event of a fire; ii) exterior insulation, which generally 
offers the best thermal continuity but involves high costs and technical constraints; iii) cavity 
insulation, which is limited by the available space and potentially affected by moisture or 
material settling [2]–[4] 
In many countries, masonry systems such as hollow clay bricks or concrete masonry units 
(CMUs) are particularly widespread due to their low cost, local availability, and ease of use. 
In Morocco, for example, hollow bricks with 8 or 12 cavities are gradually replacing 
traditional solid blocks due to their light weight, moderate cost, and ability to improve the 
thermal performance of buildings [5]. However, the actual insulating efficiency of these 
elements is strongly influenced by the geometry of the internal cells. These cells not only 
induce conduction through the solid walls, but also convective movements in the trapped air, 
as well as radiative exchanges between internal walls. These mechanisms sometimes 
significantly degrade the nominal thermal resistance of the brick or block [6] 
The integration of insulation, modification of internal shapes such as rhomboidal cavities, 
multi-chamber cells, and addition of protuberances have been shown to reduce energy 
exchange through complementary mechanisms, reduction of conductive paths, inhibition or 
reorientation of convective movements, and reduction of radiative exchange through low-
emissivity surfaces, sometimes without a noticeable increase in weight or manufacturing cost 
[7]–[10]. 

Nomenclature Subscript 

𝜌𝜌 Density (Kg/ m3) B Bottom 

𝐶𝐶𝑝𝑝  Specific heat (J/Kg.K) T Top 

𝑘𝑘  Thermal conductivity (W/ m .K) h Horizontal 

𝑇𝑇  Temperature (K) p Perpendicular 

𝑅𝑅𝑇𝑇ℎ  Thermal resistance ( K-m²/W) 𝑒𝑒  Spacing 

𝛼𝛼  Diffusivity (m2/s) St Stream temperature 

h Heat transfer coefficient ( W/m2 K) w wall 

𝜇𝜇  Dynamic Viscosity (Kg/m.s) adj Adjusted 

𝑔𝑔  Acceleration of gravity (m/s2) ref Reference 

𝛽𝛽  Thermal expansion coefficient (1/K) out outside 

𝑉𝑉  Average velocity (m/s) int Internal 

𝜓𝜓  Stream function confs Configurations 

  EPS Expanded polystyrene 

  PUF Polyurethane foam 

However, improvements to internal geometry must comply with regulatory and mechanical 
constraints. For example, structural bricks must meet strict requirements regarding the 
percentage of solid area, minimum wall thickness, dimensions, and distribution of internal 
cavities. These constraints severely limit the freedom to design geometries that 
simultaneously optimize thermal performance and mechanical strength. This results in a 
delicate compromise between insulation, structural stability, and industrial feasibility [10] 
Recent studies aimed at characterizing the thermal behavior of cellular masonry have shown 
the value of combining experimental measurements (particularly using hot-box devices) with 
advanced three-dimensional modeling based on CFD coupled with heat transfer. This dual 
approach has made it possible, in the literature, to compare numerical predictions with 
experimental data and thus establish reliable models capable of reproducing the mechanisms 
of conduction, internal convection, and radiation present in the cavities. Based on this 
validated work, numerical analysis is now a robust tool for exploring a wide range of 
scenarios that are not accessible experimentally. In particular, it allows for parametric 
evaluation of the influence of the internal geometry of the cells, the thermophysical properties 
of the materials, the possible introduction of insulating materials into the cavities, and the 
radiative characteristics of the internal surfaces [11], [12]. 
In this context, the present study is based exclusively on a two-dimensional numerical 
analysis aimed at characterizing the thermal behavior of different internal structures of 
hollow bricks. Using detailed CFD models that simultaneously integrate conduction, 
convection, and radiation, it parametrically examines the influence of thermal conductivity 
of the constituent material, , and the type of material that may be introduced into the cavities. 
Two filling materials, expanded polystyrene (EPS) and polyurethane foam (PUF), were also 
compared with air in order to assess their influence on the thermal performance of the 
different structures This approach makes it possible to identify the configurations offering 
the best energy performance while taking into account real geometric and construction 
constraints. 

2 Methods and Materials 

2.1 Physical model  

The physical model studied represents a hollow brick with external dimensions of 19 cm × 
10 cm [5], subjected to convective heat flow at both ends. Each geometric configuration is 
defined by a different distribution of air and solid material, allowing the effect of the internal 
structure on overall thermal behavior to be evaluated. Figure 1 shows the different 
configurations studied and Table 1 presents the different sizes of configurations. The thermal 
conductivity, specific heat, and density of the materials are selected from values commonly 
accepted in the literature (see Table 2). A thermal analysis was carried out to study the 
thermal behavior of each configuration and evaluate the evolution of their performance as a 
function of the thermal conductivity of solid material, and filling materials which are EPS 
and PUF.  

Table 1. Sizing of the proposed configurations 

No. 

configurat

ions 

𝒆𝒆𝒊𝒊𝒊𝒊𝒊𝒊,𝒆𝒆𝒆𝒆𝒆𝒆 

(cm) 

 

𝒆𝒆𝒊𝒊𝒊𝒊𝒊𝒊,𝒉𝒉 

(cm

) 

Cavity 

length 

(cm) 

Cavity 

Large 

(cm) 

Protuberanc

e thickness 

(cm) 

Protuberanc

e length (cm) 

Cavity 

number 

Conf-Ref 1 1 3.5 3.5 - - 8 
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Conf-1 1 1 8 3.5 - - 4 

Conf-2 1 1 17 3.5 - - 2 
Conf-3 0.75 0.75 3.5 2.33   12 
Conf-4 0.75 0.75 17 2.33 - - 3 
Conf-5 0.75 0.75 3.5 2.33 0.5 3 12 

Table 2. Thermophysical proprieties, of materials [5], [13] 

Materials Density 

(Kg/ m3) 

Specific 

heat 

(J/Kg.K) 

Thermal 

conductivity 

 (W/ m .K) 

Dynamic 

Viscosity 

(Kg/(m.s)) 

Thermal 

expansion 

coefficient (1/K) 

Air  1.225 1001.43 0.026 0.846.10-5 0.0035 

Clay  664 741 0.207 - - 

EPS   22 1280 0.041 - - 
PUF  417 1400 0.0605 - - 

 

 

Figure 1. Physical model of different configurations 

2.2 Assumptions 

The model is developed under the following assumptions: (i) the air flow within the cavities 
is laminar, incompressible, and characterized by low velocities; (ii) the thermophysical 
properties of each material are assumed to be constant; (iii) internal heat generation is 
neglected; and (iv) the analysis is conducted under a two-dimensional framework. 

2.3 Mathematical modelling and boundary conditions 

The overall thermal behavior of the system is based on the equations of conservation of mass, 
momentum, and energy, applied to the solid medium and the air contained in the cavities. 
Conductive, convective, and radiative exchanges are taken into account. Under these 
assumptions, the energy equation for solids, the Navier–Stokes equation for air, the mass 
conservation equation, the surface-to-surface radiation flux, and boundary conditions are 
summarized below.  
 

Solid part  
 

k (∂
2T
∂2x +  ∂2T

∂2y) = 0                       (1) 

Navier–Stokes equation for air, the mass conservation equation, 

∂u
∂x + ∂v

∂y = 0                       (2) 

u ∂u
∂x + v ∂u

∂y = 1
ρair

[− ∂p
∂x + μair ∗ (

∂2u
∂x2 + ∂2u

∂y2)]                  (3) 

u ∂v
∂x + v ∂v

∂y = 1
ρair

[− ∂p
∂y + μair ∗ (

∂2v
∂x2 + ∂2v

∂y2) + (ρβ)airg∆T              (4) 

u ∂T
∂x + v ∂T

∂y = λair
ρairCp,air

[(∂
2T
∂x2 + ∂2T

∂y2)]                     (5) 

Radiation equation 
 

qr,i(ri) = Bj(rj) − ∑ ∫ Bj(rj)k(ri, rj)dSj, i = 1 … 4 
Sj

4
i=1
j≠i

                  (6) 

Boundary conditions 

At outside, with hout  = 20 W/ m^2 K [14] 

−kbrick
∂T
∂x = hout(Tst,out − Tw,out)                      (7) 

At inside ,with hint = 5 W/ m2 K [14] 

−kbrick
∂T
∂x = hint(Tst,int − Tw,int)                     (8) 

2.4 Model validation and numerical solution method 

The numerical model was previously verified by comparing it with numerical results of 
Laaroussi et al.[15], on hollow brick subjected to a similar heat flux. The temperature 
distributions in Figure 2 and heat flux values obtained are in good agreement with the 
references with relative errors of 0.6%. The numerical resolution is performed in steady state 
using a solver based on the finite volume method. After a mesh independence study, a grid 

4

EPJ Web of Conferences 371, 01018 (2026)	 https://doi.org/10.1051/epjconf/202637101018
AMT’2026



Conf-1 1 1 8 3.5 - - 4 

Conf-2 1 1 17 3.5 - - 2 
Conf-3 0.75 0.75 3.5 2.33   12 
Conf-4 0.75 0.75 17 2.33 - - 3 
Conf-5 0.75 0.75 3.5 2.33 0.5 3 12 

Table 2. Thermophysical proprieties, of materials [5], [13] 

Materials Density 

(Kg/ m3) 

Specific 

heat 

(J/Kg.K) 

Thermal 

conductivity 

 (W/ m .K) 

Dynamic 

Viscosity 

(Kg/(m.s)) 

Thermal 

expansion 

coefficient (1/K) 

Air  1.225 1001.43 0.026 0.846.10-5 0.0035 

Clay  664 741 0.207 - - 

EPS   22 1280 0.041 - - 
PUF  417 1400 0.0605 - - 

 

 

Figure 1. Physical model of different configurations 

2.2 Assumptions 

The model is developed under the following assumptions: (i) the air flow within the cavities 
is laminar, incompressible, and characterized by low velocities; (ii) the thermophysical 
properties of each material are assumed to be constant; (iii) internal heat generation is 
neglected; and (iv) the analysis is conducted under a two-dimensional framework. 

2.3 Mathematical modelling and boundary conditions 

The overall thermal behavior of the system is based on the equations of conservation of mass, 
momentum, and energy, applied to the solid medium and the air contained in the cavities. 
Conductive, convective, and radiative exchanges are taken into account. Under these 
assumptions, the energy equation for solids, the Navier–Stokes equation for air, the mass 
conservation equation, the surface-to-surface radiation flux, and boundary conditions are 
summarized below.  
 

Solid part  
 

k (∂
2T
∂2x +  ∂2T

∂2y) = 0                       (1) 

Navier–Stokes equation for air, the mass conservation equation, 

∂u
∂x + ∂v

∂y = 0                       (2) 

u ∂u
∂x + v ∂u

∂y = 1
ρair

[− ∂p
∂x + μair ∗ (

∂2u
∂x2 + ∂2u

∂y2)]                  (3) 

u ∂v
∂x + v ∂v

∂y = 1
ρair

[− ∂p
∂y + μair ∗ (

∂2v
∂x2 + ∂2v

∂y2) + (ρβ)airg∆T              (4) 

u ∂T
∂x + v ∂T

∂y = λair
ρairCp,air

[(∂
2T
∂x2 + ∂2T

∂y2)]                     (5) 

Radiation equation 
 

qr,i(ri) = Bj(rj) − ∑ ∫ Bj(rj)k(ri, rj)dSj, i = 1 … 4 
Sj

4
i=1
j≠i

                  (6) 

Boundary conditions 

At outside, with hout  = 20 W/ m^2 K [14] 

−kbrick
∂T
∂x = hout(Tst,out − Tw,out)                      (7) 

At inside ,with hint = 5 W/ m2 K [14] 

−kbrick
∂T
∂x = hint(Tst,int − Tw,int)                     (8) 

2.4 Model validation and numerical solution method 

The numerical model was previously verified by comparing it with numerical results of 
Laaroussi et al.[15], on hollow brick subjected to a similar heat flux. The temperature 
distributions in Figure 2 and heat flux values obtained are in good agreement with the 
references with relative errors of 0.6%. The numerical resolution is performed in steady state 
using a solver based on the finite volume method. After a mesh independence study, a grid 

5

EPJ Web of Conferences 371, 01018 (2026)	 https://doi.org/10.1051/epjconf/202637101018
AMT’2026



of 119,621 cells was selected, offering a good compromise between geometric fineness and 
computational cost (see Table 3). The momentum and energy equations are solved using a 
coupled scheme, adapted to the Boussinesq approximation used to represent buoyancy effects 
in air cavities. The convergence criterion is set at 108 for velocity, pressure, and temperature, 
ensuring a stable and numerically accurate solution. Spatial discretization is performed using 
a second-order implicit scheme, allowing for better representation of thermal and dynamic 
gradients. All calculations were performed in double precision on a machine equipped with 
an Intel® Xeon® processor, 16 GB of RAM at 3.5 GHz, in single-process mode. 

 

Figure 2. Isotherms and temperature distribution for different lines horizontal for vertical position 

. Table 3. Mesh independence analysis based on heat flow 

Elements 30287 76000 119621 211189 
∅ (W/m2) 30.27 30.2557 30.2509 30.2496 

Abs diff (%) of  ∅ 0.0097 0.057 0.073 0.077 

3 Results and discussions 

3.1 Effect of geometry 

We studied the thermal behavior of six bricks with different internal geometries, all 
measuring 190 mm × 100 mm, made from the same materials (clay) and subjected to the 
same boundary conditions. The outside air temperature is set at 317 K, the inside air 
temperature at 298 K, with heat transfer coefficients of 20 W/m²K on the outside and 5 
W/m²K on the inside [14]. Inside the cavities, the three modes of transfer conduction, 
convection, and radiation are taken into account, considering an internal emissivity of 0.9 
[15]. The effect of geometry was evaluated by comparing each configuration to the reference 
brick (conf-ref). The results show that thermal resistance is highly sensitive to internal 
geometry. It reaches a maximum of 0.749 K·m²/W for the conf-5 configuration and a 
minimum of 0.432 K·m²/W for conf-3, revealing the decisive influence of the shape and 
arrangement of the cavities on thermal performance. Although all bricks are subjected to the 
same operating conditions, their behavior differs greatly due to variations in air percentage, 
solid material distribution, and internal morphology. Analysis of isotherms and heat flows 
provides insight into the mechanisms governing these differences. 
Depending on the configuration, the simple distribution of the material can either improve or 
degrade heat transfer by altering the balance between conductive, convective, and radiative 
flows (Table 4). For example, conf-1 characterized by high–aspect ratio cavities that promote 

strong internal air movement, show a decrease in performance (-6%). These geometries 
promote air circulation, increasing convective transfer along the walls and intensifying 
radiative exchange, leading to a more curved heat transfer ( see Figure 3 and Figure 4), which 
degrades thermal resistance. This effect is further reinforced in the conf-2 configuration, 
where only the heights of the cavities increase. 
For configurations conf-3 and conf-4 with three columns, increasing the aspect ratio (from 
3.5/2.333 to 17/2.333) results in a slight decrease in performance (+19% to +17%), which is 
due to improved in radiative transfer in conf-4. In general, analysis of configurations conf-1 
to conf-4 shows that the beneficial effect of aspect ratio on thermal performance is achieved 
when the width of the cavities remains proportional to their length. A balanced control 
between these two dimensions is therefore essential to take full advantage of the elongation 
of the cavities.  
Finally, adding protuberances to the conf-5 geometry leads to a significant improvement in 
thermal resistance. These elements further attenuate internal convection, with the air being 
almost stagnant, with a maximum stream function of 0.00005 (Figure 4), which traps the air, 
revealing a near-zero flow, and greatly reduces convective and radiative exchanges.. Heat 
transfer in the brick becomes very similar to pure conduction transfer (see Figure 3), which 
explains the significant increase in performance. 
In conclusion, these results demonstrate that the internal geometry of bricks is a major lever 
for thermal optimization: by controlling the shape and distribution of cavities, it is possible 
to effectively reduce convective and radiative transfers, thereby improving the overall 
thermal resistance of the building element. 
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transfer in the brick becomes very similar to pure conduction transfer (see Figure 3), which 
explains the significant increase in performance. 
In conclusion, these results demonstrate that the internal geometry of bricks is a major lever 
for thermal optimization: by controlling the shape and distribution of cavities, it is possible 
to effectively reduce convective and radiative transfers, thereby improving the overall 
thermal resistance of the building element. 
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Figure 3. Contours of temperature  

           

       

Figure 4. Stream function of configurations  
 

Table 4. Heat flux percentage and thermal resistance and geometric proprieties 

Configurations 𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄+𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝒓𝒓𝒓𝒓𝒓𝒓 𝑹𝑹𝒕𝒕𝒕𝒕 Diff in 

𝑹𝑹𝒕𝒕𝒕𝒕 % 

Solid 

percentage 

% 

Air 

percentage 

% 

Conf-Ref 68% 32% 0.474 0% 48.42 51.58 

Conf-1 62% 38% 0.443 -6% 41.05 58.95 

Conf-2 58,93% 41,07% 0.432 -8.80% 37.37% 62,63 

Conf-3 67% 33% 0.565 19% 48.49 51.5 

Conf-4 55% 45% 0.558 17% 37.378 62.622 

Conf-5 72% 28% 0.749 58% 57.97 42.031 

3.2 Effect of thermal conductivity  

 Analysis of the two thermal conductivities tested highlights a very different thermal 
behavior of the configurations depending on whether conduction in the solid material is low 
(k = 0.207 W/m·K) or, on the contrary, dominant (k = 0.925 W/m·K). When conductivity is 
high, heat flows more easily through the walls, which makes the thermal resistance lower for 
higher conductivities as is shown in Figure 5. According to Table 5, the relative difference 
in thermal resistance reaches a maximum of 58% for configuration 5 with k = 0.207 W/m·K, 
and 60% for configuration 4 with k = 0.925 W/m·K. This result shows that configurations 
with cavities exhibiting a high aspect ratio become significantly more efficient when the 
thermal conductivity of the solid is high. Indeed, these geometries impose a longer and more 
complex path for heat within the material, which limits the heat flux even if the material is a 
strong conductor of heat. This is why configurations Conf-1, Conf-2, and Conf-4, show 
significant improvements when k = 0.925. 
Furthermore, for high conductivity, small geometric variations do not have a noticeable effect 
on thermal resistance, in contrast to low conductivities, where even a small change leads to 
an improvement. For example, the transition from Conf-3 to Conf-5 increases the relative 
improvement from 17% to 58% for k = 0.207, and from 15% to 33% for k = 0.925. This 
confirms that, for low conductivity, a good solid/air distribution and well-positioned 
protuberances effectively increase thermal resistance, as they simultaneously limit 
convective and radiative losses, thus significantly increasing thermal resistance. Conversely, 
for high conductivity, only geometries offering a significantly elongated solid path produce 
a marked improvement. In addition, the thermal conductivity of the material has a decisive 
influence on the ability of each geometry to mobilize its internal conduction paths. A change 
in the material can thus reverse the order of efficiency between configurations, as described 
in Table 6. 
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Figure 5. Thermal resistance as function of configurations for different thermal conductivities  

Table 5. Relative difference in thermal resistance of different configurations 

Thermal conductivity 
(W/m K) 

Conf-Ref Conf-1 Conf-2 Conf-3 Conf-4 Conf-5 

K= 0,207 - -6% -9% 19% 17% 58% 

K= 0,925 - 12% 20% 15% 60% 33% 
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improvement from 17% to 58% for k = 0.207, and from 15% to 33% for k = 0.925. This 
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protuberances effectively increase thermal resistance, as they simultaneously limit 
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Table 5. Relative difference in thermal resistance of different configurations 

Thermal conductivity 
(W/m K) 
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Table 6. Order of configuration performance based on thermal resistance for different thermal 
conductivities 

Thermal 
conductivity (W/m 

K) 

Performance order of Configurations 

k=0,207 Conf-5  Conf-3  Conf-4  Conf-Ref Conf-1  Conf-2  

k=0,925 Conf-4 Conf-5 Conf-2 Conf-3 Conf-1 Conf-Ref 

3.3 Effect of filling material  

Figure 7 shows the thermal resistance of the different configurations studied with three 
filling materials: EPS, PUF, and air. It is clear that EPS stands out for its significantly superior 
performance, as it achieves the highest thermal resistance. This efficiency can be explained 
by its very low thermal conductivity, which is particularly effective at limiting heat transfer 
by conduction. PUF comes in second place, with satisfactory results but slightly less good 
than those of EPS. As for air, it appears to be the least efficient material, its insulating 
capacity is lower due to the mobility of air in the cavities, which promotes internal convective 
movements. According to Figure 7, the evolution of thermal resistance as a function of the 
percentage of solid material shows that, for insulating materials such as EPS and PUF, the 
general trend is for a gradual decrease in thermal resistance as the solid fraction increases. It 
can also be seen that configurations with the same solid material content generally have 
similar thermal performance. On the other hand, when air is used as a filler, the dispersion of 
results is much greater. Configurations with the same solid fraction exhibit very different 
thermal resistances. This behavior highlights the major impact of the internal geometry of 
cavities on convective transfers in the case of air, unlike solid insulators where conduction 
predominates and tends to make the results more uniform. 

Analysis of Table 7 also confirms that the ranking of configurations is not universal: it 
depends heavily on the filling material. A highly efficient configuration with EPS or PUF 
can give much lower results when filled with air or another material. This highlights the 
complex nature of the interaction between the internal geometry and the specific properties 
of the filling material, an interaction that becomes a determining factor in overall thermal 
behavior. 
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Figure 6. Variation of thermal resistance a) as function of configurations with different filling 

materials 
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Figure 7. Internal temperature variation with solid percentage 

Table 7. Order of configuration performance based on thermal resistance for different filling 
materials 

Filling 
materials 

Performance order of Configurations 

EPS Conf-4  Conf-2  Conf-1  Conf-3  Conf-Ref Conf-5  

PUF Conf-4  Conf-2  Conf-1  Conf-3  Conf-Ref Conf-5  

Air Conf-5  Conf-3  Conf-4  Conf-Ref Conf-1  Conf-2  

4 Conclusion 

This two-dimensional numerical study demonstrated that the internal geometry of bricks 
has a decisive influence on their thermal behavior. Five internal structures, derived from the 
reference hollow brick with eight cavities, showed that the shape of the cavities, their 
distribution, and the integration of protrusions significantly modify transfers by conduction, 
convection, and radiation. Configurations with elongated cavities or internal barriers offer 
the best performance, while wide, sparsely divided cavities promote convective and radiative 
exchange, thereby reducing thermal resistance. The analysis also reveals that the ranking of 
configurations can change depending on operating conditions like  the filling material and 
the conductivity of brick. These results provide a solid basis for the design of energy-efficient 
bricks adapted to different climatic and construction contexts. 
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Figure 7. Internal temperature variation with solid percentage 

Table 7. Order of configuration performance based on thermal resistance for different filling 
materials 

Filling 
materials 

Performance order of Configurations 

EPS Conf-4  Conf-2  Conf-1  Conf-3  Conf-Ref Conf-5  

PUF Conf-4  Conf-2  Conf-1  Conf-3  Conf-Ref Conf-5  

Air Conf-5  Conf-3  Conf-4  Conf-Ref Conf-1  Conf-2  

4 Conclusion 

This two-dimensional numerical study demonstrated that the internal geometry of bricks 
has a decisive influence on their thermal behavior. Five internal structures, derived from the 
reference hollow brick with eight cavities, showed that the shape of the cavities, their 
distribution, and the integration of protrusions significantly modify transfers by conduction, 
convection, and radiation. Configurations with elongated cavities or internal barriers offer 
the best performance, while wide, sparsely divided cavities promote convective and radiative 
exchange, thereby reducing thermal resistance. The analysis also reveals that the ranking of 
configurations can change depending on operating conditions like  the filling material and 
the conductivity of brick. These results provide a solid basis for the design of energy-efficient 
bricks adapted to different climatic and construction contexts. 
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