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During both hot and cold seasons, masonry walls play an important role in 
the thermal performance between the interior and the exterior of occupied 
spaces. It is thus essential to analyze the thermal behavior at the hollow 
block’s level in order to better understand the temperature and heat flux 
distribution in its structure and potentially limit as much as possible the heat 
transfer through the block. In this scope, this paper offers an experimental 
and numerical in-depth analysis of heat transfer phenomena inside a hollow 
block using a dedicated experimental setup including a well-insulated 
reference box and several thermocouples and fluxmeters distributed at the 
boundaries and inside the hollow block. The block was then numerically 
3D modelled and simulated using COMSOL Multiphysics under the same 
conditions, properties, and dimensions as the experimentally tested block. 
The comparison between the numerical and experimental results provides 
very satisfactory results with relative difference of less than 4% for the 
computed thermal resistance.
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1. Introduction

Energy consumption in buildings is strongly increasing 
lately due to population growth, economic development 
and improved living standards. These different causes 
put additional pressure on the energy system. This con-
sumption mainly includes space heating and cooling. For 

example, the use of heating in Lebanon presents the most 
interesting share of household energy consumption in 
Lebanon in 2012, it is approximately almost half of the to-
tal energy consumption. And that the equipment rate of air 
conditioner presents a strong increase from 16% to 55% 
from 2000 to 2012 [1]. The energy consumption of air con-
ditioning and heating systems depends on several factors,  
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one of the most important factors is the heat transfer 
through the building envelope. In this context, the thermal 
performance in masonry walls is taken into account in this 
study, especially since the energy efficiency of buildings 
is an area that has become very important in the context of 
energy conservation.

Nowadays, hollow blocks are one of the most used ma-
terials in building envelopes for what the advantages they 
offer in terms of cost, ease of implementation, weight, fire 
resistance, thermal and sound insulation, and acoustic in-
sulation. For example JJ del Coz Díaz et al. [2] presented a 
comparative nonlinear thermal analysis for a total of eight-
een different in situ cast floors by varying both the con-
stituent materials and the shape of the hollow blocks using 
the finite element method (FEM). They concluded that the 
overall heat transfer coefficient increases with increasing 
material conductivity. In addition, there is a growing in-
terest in using materials with good physical properties for 
energy conservation. Ribeiro et al. [3] analyzed the sound 
insulation on a masonry wall built with hollow concrete 
blocks and construction and demolition waste as aggre-
gates using the reverberant chamber method with the aim 
of providing sound insulation in indoor environments. 
They concluded that all types of panels increased the 
weighted sound reduction index. M. Fringuellino et al. [4]  
described the characteristics of sound transmission 
through hollow walls, with the aim of analyzing the sound 
reduction index on several types of walls with different 
thicknesses and materials, using the equation based on the 
familiar formula for the normal incidence transmission of 
a longitudinal wave at the intersection between different 
materials. They concluded that the material properties of 
the complex structure of the block can strongly influence 
the sound reduction index at the low and high frequency. 
Yang et al. [5] investigated the sound insulation properties 
of a concrete hollow brick wall through experimental 
research and theoretical analysis. They concluded that 
concrete hollow brick not only has excellent mechanical 
properties but also excellent sound insulation properties 
due to its rational hole shape design. Fraile-Garcia et al. [6] 
studied the acoustic behavior of waste-tire rubber concrete 
bricks, lattice joists and hollow blocks with different pro-
portions of rubber in the mix using the difference between 
transmitted and emitted levels method. They proved that 
highly doped elements are an excellent option for isolating 
low frequency sounds, while intermediate and standard el-
ements are a more attractive option for blocking medium 
and high frequency sounds.

Numerical heat transfer modeling is necessary to char-
acterize the thermal parameters of the hollow block. Nu-
merical methods allow to apply the heat transfer equation 

in steady state or dynamic conditions. Díaz et al. [7] used 
the finite element method (FEM) for the design optimiza-
tion of lightweight hollow blocks with the aim of saving 
energy. They concluded that by increasing the number of 
vertical and horizontal intermediate bulkheads and de-
creasing the conductivity of the material, they obtained 
the best thermal efficiency. A. Antar et al. [8] studied nu-
merically the heat transfer through a hollow block. They 
concluded that with increasing the number of cavities the 
heat loss decreased, while keeping the block width con-
stant. Urban et al. [9] analyzed the thermal performance of 
masonry wall systems for six different geometries with 
different densities by utilizing a finite difference comput-
er modeling. They concluded that the use of lightweight 
concretes in the production of concrete masonry units is 
therefore one of the most effective ways to improve their 
thermal performance. M. Mahmoud et al. [10] developed a 
computational fluid dynamics (CFD) model, to determine 
the size and distribution of cavities in building blocks, 
which can reduce the variation of the heat flux through 
the walls as much as possible and thus to obtain ener-
gy savings in air conditioning. The results showed that 
the variation of the heat flux depends on the size of the 
cavities and blocks. Heinrich Manz [11] studied the heat 
transfer by natural convection of air layers in vertical 
rectangular cavities using a computational fluid dynamics 
(CFD) code. This study has provided the starting position 
for future applications of the code to more complex cases 
of facade elements. Fogiatto et al. [12] studied the ther-
mal transmittance for different cavity configurations of 
hollow concrete blocks by performing CFD simulations. 
The results showed that larger cavities provide the high-
er transmittance values and that the radiation effect can 
play an important role in the overall heat transfer through 
blocks. Zhang et al. [13] analyzed the thermal performance 
of a hollow concrete wall using MATLAB program. The 
results showed that by reducing the number of cavities in 
each row, the thermal performance could be improved. S. 
Al-Tamimi et al. [14,15] used a finite element analysis using 
ABAQUS software to determine the optimal hole geom-
etry for concrete bricks that would increase the thermal 
resistance of the wall and thus reduce electrical energy 
consumption. They concluded that there is an effect of 
the hole shape on thermal resistance and then an effect on 
heat flux reduction. Then, they developed a finite element 
model (FEM) with the aim of determining the optimal ge-
ometry of cavities and their arrangement in concrete ma-
sonry blocks to reduce the heat flux. They concluded that 
the simulation results are promising and indicated that the 
new optimal cavity geometry design was much better than 
commercially available cavity blocks. J. Xamán et al. [16]  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Fraile-Garcia E%5BAuthor%5D&cauthor=true&cauthor_uid=28774084


23

 Journal of Building Material Science | Volume 04 | Issue 01 | June 2022

studied the thermal analysis of a hollow block with/with-
out insulation and reflective roofing materials for 24 h in 
the hottest and coldest days, considering environmental 
variables of a Mexican city with warm weather using the 
finite volume method. The results showed the interest of 
using the combination of an insulating material and a re-
flective coating on roofs with hot weather. Chihab et al. [17] 
numerically investigated the thermal inertia of different 
roof configurations constructed with traditional concrete 
blocks used in Morocco with three and six cavities, using 
the Galerkin finite element method. The results indicated 
that the combined emissivity and interior heat transfer 
coefficients have a significant impact on the thermal in-
ertia of the roof. JJ del Coz Díaz et al. [18] described the 
development of a new type of hollow concrete masonry 
block unit to minimize its weight based on topological 
optimization using the finite element method (FEM). The 
numerical results gave rise to new solutions in masonry 
construction through proper block pre-design.

In addition to numerical simulations, many experimen-
tal methods have been developed by researchers to esti-
mate thermal performance in building envelopes such as 
thermal conductivity, thermal resistance, under controlled 
or real conditions. Among these studies, Hu et al. [19] con-
structed 6 groups of hollow brick model blocks with dif-
ferent filling positions and filling rates using a cold and hot 
test box, with the aim of improving the insulation perfor-
mance of hollow brick, in the continuous operation of air 
conditioning in the cold regions of China in winter. They 
concluded that with the filling of the hollow block with 
EPS insulating material is better at improving the insula-
tion performance of the hollow brick block. Wu et al. [20]  
investigated the mechanical and thermal properties of 
rectangular hollow blocks using the hot box method. They 
concluded that the use of this block could not only reduce 
the energy consumption but also decrease the pressure on 
the environment.

Finally researchers have studied experimentally and 
numerically the heat transfer in the building envelope, 
for example Sassine et al. [22-24] proposed an experimental 
and numerical analysis of the thermal performance of 
Lebanese hollow block concrete. Then, they investigated 
the effect of adding expanded polystyrene (EPS) beads to 
the solid mixture of hollow block concrete by numerical 
and experimental approaches. They concluded from the 
numerical results is that the three-dimensional (3D) model 
has visualized the heat flux and temperature distribution 
in the block as well as the air velocity and convective heat 
exchange inside the cavities of the block. And from the 

experimental results, they showed that the thermal resist-
ance of the block can almost double by adding 18 g of 
polystyrene beads to the concrete mix.

This paper focuses particularly on the heat transfer 
phenomena inside hollow blocks by instrumenting an 
experimental setup and measuring local temperatures and 
heat fluxes in a 49 cm × 19 cm × 10 cm hollow block hav-
ing four rectangular cavities under controlled conditions 
using the thermostatic baths in an experimental heating 
box setup.  In the first part of the paper, the equivalent 
thermal properties of the hollow block and the concrete 
mixture are determined, namely the thermal conductivity, 
the density, and the specific heat. Then, in the second part, 
the detailed heat transfer is studied both experimentally 
and numerically through heat flux sensors and temperature 
sensors placed across the studied sample.

2. Standard Thermal Characterization Setup

2.1 Description of the Experimental Setup

2.1.1 Experimental Setup

A standard experimental setup is used to determine the 
thermal properties of building materials in the LGCgE 
laboratory. The samples are placed horizontally between 
two aluminum plates and the heat transfer through the 
hollow block is measured using a fluxmeter method in a 
well-insulated reference box. 

The heat exchange plates are connected by two ther-
mostat baths as shown in Figure 1a. Such that one is 
connected to the upper plate at a temperature of 25 °C 
and the other is connected to the lower plate at 15 °C. The 
flux and temperature measurement are performed by two 
flux meters of 0.15 × 0.15 m2 area and two T-type ther-
mocouples, which are placed below and above the sample 
respectively. The upper plate can be moved vertically with 
the help of a support that in turn allows keeping this sys-
tem in place. The thermal properties to be determined are 
the thermal conductivity (λ) and the specific heat (CP).

The tested samples were wrapped laterally with a re-
cycled wool insulation material as shown in Figure 1b, in 
order to reduce lateral heat loss and ensure unidirectional 
heat transfer.

The thermal properties of the hollow block, namely 
the thermal conductivity (λ) and the specific heat (Cp), 
were determined using the fluxmetric method (NF EN  
12664 [21]), in which the sample is placed between two 
aluminum plates connected to thermostatic baths allowing 
to impose controlled boundary conditions on the sample. 
Two fluxmeters and two thermocouples are placed above 
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and below the block to measure the heat flux and the tem-
perature respectively. The thermocouples and fluxmeters 
are connected to a data acquisition center allowing to 
visualize the evolution of the heat flux and temperature on 
each face of the block.

2.1.2 Tested Specimens

Two specimens were tested using the standard thermal 
characterization setup: a concrete mixture sample taken 
from the hollow block, and the hollow block itself.

To thermally characterize the concrete constituting the 
hollow block, a sample was prepared by cutting three rec-
tangular pieces from the hollow block and gluing them to-
gether using a very thin mortar glue as shown in Figure 2a. 
The parallelepiped obtained sample is 16.5 cm × 7 cm ×  
6.5 cm; this provides a sample with sufficient thermal re-
sistance for the measurement method.

(a)

(b)
Figure 2. Tested samples: concrete solid mixture (a) and 

hollow block (b)

The studied hollow block has a length of 49 cm, a 
height of 20 cm and a width of 10 cm and contains 4 cavi-
ties in series as shown in Figure 2b.

The main ingredients in the production of normal 
weight hollow block are: natural aggregates, cement and 
water. The aggregate mixture is made of 25% of fine grav-
el aggregates (4 mm–8 mm) and 75% of powdered stone 
dust (0.5 mm–4 mm). The dosage of the mixture is made 
such as 1 m3 of aggregates is mixed with 50 kg of Port-
land cement and 50 L of water to form the solid concrete 
mixture.

It is a block molded and pressed by a pressing mold 
in different forms. In our case we considered a block of 
parallelepiped (24.7 cm × 10 cm × 19cm) and formed by 
rectangular cavities (Figure 2b).

It is important to highlight that the thermal properties 
of the hollow block that are determined from experimental 
measurements are equivalent thermal properties since the 

        

			       (a)                                                                  	     (b)
Figure 1. Experimental setup for thermal characterization
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sample is composed of a concrete matrix and air contained 
in the cavities of the sample.

2.2 Characterization Method

2.2.1 Determination of the Density

The equivalent densities of the samples were deter-
mined by dividing weight of the samples (determined 
using a digital balance) by its volume (length × width × 
thickness).

2.2.2 Determination of the Thermal Conductivity

The thermal conductivity represents the ability of a ma-
terial to let heat pass or on the contrary to oppose to it. Be-
cause of the difference in temperature on each side of the 
sample under test, a heat transfer exchange exists. Once 
the steady state is reached, one can calculate the thermal 
conductivity (λ) such as  with e is the thickness of 
the sample studied in m, R is the thermal resistance in  
m2.K/W, and λ is the thermal conductivity in W/m.K. Then 
the higher the thermal conductivity, the more heat the ma-
terial allows to pass and therefore it is less insulating.

The flux and temperature were measured simultaneous-
ly on each block face and then the resistance R was calcu-
lated using Fourier’s law in a unidirectional steady state 
system, such as;

� (1) 

� (2)

∆θ is the temperature difference.
Once we determine the flux variation, we can calculate 

its sum Σφ, and then the thermal resistance R, such that;

� (3)     

� (4)

Finally, we can calculate the thermal conductivity, us-
ing the following formula;

� (5)

The thermal conductivity is determined when the sum 
of the fluxes stabilizes.

2.2.3 Determination of the Specific Heat

The specific heat CP is designated by the amount of 
heat stored in a material, i.e. it is expressed by the heat 
capacity C. This means that when the heat capacity in-

creases, a large amount of energy can be stored but the 
temperature becomes less important. Note that for the 
same sample the value of the specific heat varies with the 
temperature.

This amount of energy Q can be calculated from an 
initial state tinitial steady state and then changing the tem-
perature set point on one or both sides, so that our system 
reaches the steady state again, in which the material has 
returned to its stable state at a final state tfinal, we can cal-
culate Q;

� (6)

∆φ expresses the difference in fluxes. dt denotes the 
time step, in our case we considered dt = 10 sec. Q is the 
energy stored in the sample during the transient phase, it 
is expressed in J.

As well as, the heat capacity (C) is obtained by divid-
ing the amount of energy supplied (Q) by the temperature 
difference (∆θ), such that;

� (7)

C is expressed in (J/K), ∆θ presents the difference be-
tween the average temperature in the final state and the 
average temperature in the initial state, i.e. that;

� (8)

If the heat capacity increases, this means that a large 
amount of energy can be stored, relatively low tempera-
ture.

Finally, knowing the heat capacity C, the density of the 
sample ρ and its thickness e, then;

� (9)

ρ is expressed in kg/m3, S is the surface area of the 
sample in m2, e is the thickness of the tested sample in m, 
CP is the specific heat capacity expressed in J/Kg.K.

Note that the specific heat CP is different for each ma-
terial and according to the physical state (solid, liquid and 
gas).

The specific heat is determined when the difference of 
the flux is stable.

2.3 Experimental Results

2.3.1 Thermal Properties of the Concrete Mixture

The concrete solid mixture of the block sample has a 
density of ρ = 2150 Kg/m3.
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Figure 3. Determination of thermal conductivity (a) and 

the specific heat (b) of the concrete mixture

At first, a different temperature difference was imposed 
such that θ1=25 °C and θ2= 15 °C, in order to determine 
the thermal conductivity of the sample. After 1h30, the 
steady state is reached and the heat fluxes at the bound-
aries of the sample φ1 and φ2 are approximately equal to 
254 W/m2 (Figure 3a). After reaching the steady state con-
ditions, the temperature condition θ2 is increased to 25 °C, 
in order to determine the specific heat of the sample. The 
heat fluxes φ1 and φ2 decrease and converge to an approxi-
mately zero value (Figure 3b).

By using Equations (4), (5) and (9) the thermal 
conductivity and the specific heat can be computed: λ =  
1.6 W/m.K and CP = 1392.82 J/m.K.

2.3.2 Equivalent Thermal Properties of the 
Hollow Block

The density equivalent density of the hollow block is 

.

Two tests were performed for the determination of the 
thermal properties of the hollow block. In the first one (1), 
the two fluxmeters were placed in the middle of the block 
on both sides of the block. In the second (2), the fluxme-
ters are placed on both sides of the cavity as shown in 
Figure 4.

Figure 4. Fluxmeters locations in the two tests
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Figure 5. Determination of thermal conductivity (a) and 

the specific heat (b) of the hollow block in the 1st test

According to Equations (4) and (5) and Figure 6a;
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Figure 6. Determination of thermal conductivity (a) and 
the specific heat (b) of the hollow block in the 2nd test

According to Equations (4) and (5) and Figure 6a, R 

  

.

According to Equation (9) and Figure 6b  

 

So far, as a first conclusion, the thermal conductivity 
obtained in test 2 is approximately greater than that in the 
first one. This can be justified by the fact that in the sec-
ond test, the fluxmeters were placed on two sides where 
there are more materials.

Table 1 summarizes all the thermal properties of the 

tested samples. The results show that the location of the 
sensors between tests 1 and 2 has a slight impact on the 
thermal conductivity (8%) and the specific heat (8%).

Table 1. Thermal properties of the tested materials

Material ρ (Kg/m3) λ (W/m.K) Cp (J/Kg.K)

Hollow block (configuration 1) 1214 0.53 758.73

Hollow block (configuration 2) 1214 0.58 823.51

Concrete mixture 2150 1.6 1393

3. Detailed Heat Transfer Phenomena in the 
Hollow Block

3.1 Description of the Experimental Setup

After the determination of the equivalent thermal prop-
erties of the block and the solid part of the hollow block, 
a particular attention was given to the analysis of the heat 
transfer inside the hollow block. A particular experimen-
tal setup was built for this purpose where the block was 
placed between two flat plates and the assembly was well 
insulated using polyurethane and wood to ensure a unidi-
rectional transfer in the system (Figure 7). 

The temperature in the box varies in a step shape be-
tween 10 °C and 50 °C. It is covered by 16 cm of polyure-
thane insulation and 1.5 cm of wood on the borders of the 
box.

The block is well insulated to ensure a unidirectional 
heat transfer created by the difference in temperature be-
tween the two edges of the block from the hotter side to 
the colder side.

	     (a)                                          (b)
Figure 7. Photography (a) and schematic cross section (b) 

of the experimental setup

3.1.1 Measuring Devices

A thermocouple is a sensor that consists of measur-
ing the temperature at a particular point, i.e. it is used to 
measure the temperature in the form of an electric current 
or an electromotive force. This measurement is based on 
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the Seebeck effect.
Indeed, a thermocouple is composed by two wires of 

different metals which are joined at the ends. Then, the 
latter creates a junction so that the temperature is meas-
ured. There are different types of thermocouples, each 
corresponding to a different temperature range and a dif-
ferent accuracy. 

In our experiment we used T-type thermocouples (Cop-
per-Constantan), in order to measure the temperature in 
the cavities and on both sides of the block. This thermocou-
ple is suitable for a temperature range between –250 °C  
and 400 °C. It can be used at a low temperature, such as in 
cryogenic applications.

The block is placed vertically between two aluminum 
plates, such that each plate is connected to a thermostat 
bath. Each bath is set at a different temperature; the first 
is at 10 °C and the other one varies between 10 °C and 
50 °C. Then, 16 T-type thermocouples were placed in the 
cavities of the block using small wooden rods and on the 
faces of the cavities. Finally, these thermocouples are con-
nected to an acquisition center to determine the tempera-
ture variation inside the cavities.

3.1.2 Distribution of the Sensors

16 T-type thermocouples were placed; 5 thermocouples 
(12, 13, 14, 15 and 16) are placed at 9 cm at the end of the 
block such that 3 of them are placed in the cavities (13, 14 
and 15). In addition, 6 thermocouples are placed at 19 cm 
and 28 cm respectively from the extremity of the block 
(1, 2, 3, 4, 5 and 6). Finally, 5 sensors are placed at 38 cm 
from the extremity of the block; such that 7 and 11 are 
placed on the faces of the block respectively and 8 9 and 
10 are placed in the cavities. All sensors are placed at a 
height of 9 cm from the vertical section of the block, as in 
(Figure 8).

Figure 8. Distribution of thermocouples across the  
hollow block

3.2 Imposed Boundary Conditions 

Temperature boundary conditions (Dirichlet conditions 
θ1 and θ2) were applied on the two faces of the block 
through heat exchange plates connected to thermostatic 
baths. While θ1 remains constant approximately at 20 °C, 
θ2 varies in a steep temperature profile between 20 °C and 
50 °C over a period of 5 days. Moreover, the comparison 
between the experimental and numerical results was given 
a particular attention.

3.3 Numerical Model

Numerical simulations were carried out using COM-
SOL® version 5.6 software. In this 3D study, a structured 
mesh was considered using transient heat transfer.

Other the understand of the heat transfers by convec-
tion and thermal radiation that are taken into account in 
our numerical model on this type of concrete block that 
contains four rectangular cavities, the difficulty and inter-
est of our study is the air flow inside the cavities, consid-
ering the natural convection as a laminar flow. Therefore, 
two physical parameters have been considered in our 
model; “Laminar Flow” and “Heat Transfer in Fluids”. 
The continuity, Navier-Stokes and energy equations have 
been used in our model. 

The 3D block model is the same as the experimentally 
tested block; it is composed of a row of four rectangular 
cavities of 9.5 × 19 × 6 cm3. The external dimensions of 
the block are 49 × 19 × 10 cm3 (Figure 9).

The size, dimensions and boundary conditions of the 
block in the numerical analysis are identical to the exper-
imental in transient regime. An initial condition of θ0= 
20 °C and a time step of 1 min were considered. The sen-
sors are placed in the numerical model are the same as the 
ones placed in the experimental analysis with the aim of 
comparing the results of these two analyses. 

The heat transfer simulation in hollow blocks is based 
on the thermal properties of the concrete mixture present-
ed in Table 1. A coupled CFD-thermal analysis was adopt-
ed in order to account the three key heat transfer mecha-
nisms of the (i.e., conduction, convection, and radiation).

The conduction occurs in the solid concrete mixture of 
the hollow block, while convection and radiation occur 
inside the block cavities. The air circulation inside the 
cavity (Figure 9a), promoting the natural convection, was 
considered as a laminar flow. It is coupled with the radia-
tion model using the discrete ordinates method (DO) and 
the simulation was performed using the implicit solver of 
COMSOL Multiphysics®. The air density was assumed to 
be dependent on pressure and temperature varying accord-
ing to the ideal gas relation [22-24].
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The equivalent thermal properties of the solid part of 
the block; λ=1.6W/m.K and CP=1392.82 J/K .K have 
been taken into account in our numerical models (Figure 
9b).

	       (a)                                    (b)

	       (c)                                    (d)
Figure 9. Materials constituting the block air (a) concrete 

(b) and boundary conditions θ1 (c) et θ2 (d)

The boundary conditions that we have considered are 
the boundary conditions of those of the experimental part; 
θ1 and θ2 (Figure 9c and Figure 9d).

In order to compare the experimental measurements 
of temperature and heat flux in the hollow block with the 
numerical 3D simulations, the numerical model sensors 
were placed at the same coordinates as those of the exper-
imental setup. Figure 10 shows the location of sensors S2, 
S4, and S11 as example.

(a)

(b)

(c)
Figure 10. Sensor coordinates S2 (a) S4 (b) S11 (c)

3.4 Comparison between the Numerical and 
Experimental Results

The main objective of comparing numerical and exper-
imental results is providing a solid understanding of the 
heat flux in hollow blocks in dynamic conditions at the 
boundaries of the hollow block as well as at its mesostruc-
tured (inside the cavities).

Figure 11 and Figure 12 show the evolution of tempera-
ture at the left and right boundaries of the block. The numeri-
cal results and the experimental measurements present a very 
good agreement. The results also show that the temperature 
is relatively uniform at the block edges since the difference 
between θ2, S11, and S16 does not exceed 2 degrees. This 
slight difference is due to the edge effects; indeed, the small 
size of the studied sample prevents the variation of the heat 
flux to be perfectly unidirectional. The same differences are 
observed between sensors θ1, S7, and S12.

The temperature on the left side increases and presents 
a step form due to the increase in the heat exchanging 
plates reference temperature (step profile 20 °C-30 °C-
40 °C-50 °C); the temperature on the right side is slightly 
affected since it shows a little increase while the heat ex-
changing plate at that side is maintained at 20 °C.
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Figure 11. Comparison between numerical and 
experimental temperatures of sensors 11 and 16 at the left 

boundary of the block
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Figure 12. Comparison between numerical and 
experimental temperatures of sensors 7 and 12 at the right 

boundary of the block

The temperature measurements inside the cavities are 
shown in Figure 13, Figure 14, and Figure 15. The edge 
effects are more pronounced at the internal edges of the 
cavities (left and right side) and almost absent in the mid-
dle of the cavities. 
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Figure 13. Comparison between numerical and 
experimental temperatures of sensors 3, 6, 10 and 15 at 

the left internal edge of the cavities
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Figure 14. Comparison between numerical and 
experimental temperatures of sensors 2, 5, 9 and 14 at the 

middle of the block cavities
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Figure 15. Comparison between numerical and 
experimental temperatures of sensors 1, 4, 8 and 13 at the 

right internal edge of the cavities

The heat flux measurements on the two interfaces of 
the block/heat exchanging plates were compared to nu-
merical simulations (Figure 15). The results of the heat 
flux evolution are very comparable for the two sides of the 
hollow block. While the heat flux from the hot side peaks 
for each change in the temperature range and then de-
creases until reaching a new constant range, the heat flux 
from the cold side (20 °C) increases in a smoother way 
until reaching the new steady state value for each increase 
of the temperature range from the hot side. Furthermore, 
the computation of the numerical and experimental ther-
mal resistances obtained from the numerical and experi-
mental results respectively and reported in Table 2 show 
a great adequacy with a relative difference less than 4% 
for the three measurement ranges. The thermal resistance 
decreases with the increase of the temperature difference 
between the two boundaries of the hollow block from 
0.148 m2.K/W to 0.135 m2.K/W in the numerically simu-
lated block and from 0.142 m2.K/W to 0.131 m2.K/W for 
the experimental measurements. These results are also in 
compliance with the previous similar studies performed 
on similar hollow block with two rows of elliptical cavi-
ties [22] where the thermal resistance of a 10 cm × 20 cm × 
40 cm hollow block was found equal to 0.151 m2.K/W and 
in compliance with French thermal regulations RT 2012 [25]  
stating that the thermal resistance of a 10 cm × 20 cm × 50 
cm hollow block with one row of squared hollows shall be 
taken equal to 0.12 m2.K/W.

The conclusions drawn from the experimental and nu-
merical comparisons are as follows:

A good match between numerical and experimental 
results can be confirmed which consolidates the numerical 
model allowing further investigations of heat transfer in 
hollow blocks having different shapes and different con-
crete mixtures.
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Figure 15. Comparison between numerical and 
experimental heat fluxes at 13 at the external faces of the 

hollow block

Table 2. Thermal properties of the tested materials

Temperature (°C) 20-30 °C 20-40 °C 20-50 °C

Rexperimental (m
2.K/W) 0.142 0.135 0.131

Rnumerical (m
2.K/W) 0.148 0.140 0.135

Relative deviation 4% 4% 2%

The temperature gradient inside the block decreases 
progressively from the side where the step temperature θ2 
is applied to the side where a constant temperature θ1 is 
imposed.

The heat flux on the two boundaries of the tested hol-
low block was also measured and simulated showing 
comparable results.

Edge effects are observed at the boundaries of the block 
and at the internal edges of the cavities and are almost 
absent in the middle of the cavities. These effects can be 
reduced by working on a wall scale (masonry walls).

The thermal resistance of the block was always inves-
tigated for different temperature ranges and using both 
experimental measurements and numerical simulations 
showing a very high adequacy between the numerical and 
experimental values.

4. Conclusions

This work provides an in-depth understanding of heat 
transfer in hollow concrete blocks by investigating the 
local temperature distribution and heat flux through an ex-
perimented hollow block with rectangular cavities using 
the fluxmetric method under controlled conditions in a 
well-insulated experimental box. 

The thermal properties of the hollow block and the sol-
id matrix were first determined using a standard thermal 
characterization setup. Two tests were made; in the 1st 
test the two fluxmeters were placed in the middle of the 
tested block facing the bulkheads on both sides, whereas 
in the 2nd test, the two flux meters were placed facing the 

centers of the cavities on both sides.
In the second section of the paper, a detailed thermal 

analysis of the hollow block was performed by imposing 
a constant temperature condition on one side of the block, 
the other side being imposed to a step temperature pro-
file which varying between 20 °C and 50 °C. The hollow 
block that was placed vertically between the heat ex-
changing plates and sixteen thermocouples and two flux-
meters were distributed inside and at the boundaries of the 
block to record the temperature and heat flux evolution.

A numerical study was also performed to support and 
validate the measurements; a 3D model of the block was 
produced and numerical sensors were placed in the same 
locations as the experimental configuration. 

After validating the heat transfer experimental and nu-
merical models, the scope of the upcoming work will be 
to improve the thermal performance of the block by mod-
ifying the concrete mixture composition, or by modifying 
the block internal geometry, or by filling the block cavities 
by insulation materials.
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