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Abstract. The thermal behavior of the buildings is a current problem which arouses the interest of many 
researchers. Indeed, the control of the loads of air conditioning or heating requires a thorough knowledge. 
Since the thermal quality of the buildings in the Maghreb is there generally very insufficient in particular in the 
Sahara of Algeria, the insulation proved that it is a very important parameter to minimize the thermal diffusion 
process inside on all when the insulator is a local material as the Mud which is in our region with a significant 
amount and almost free quantity. This work presents a study of numerical simulation aiming at the role and the 
influence of the insulation by the mud Reduced like a local material to the town of Bechar located at the south 
west of Algeria, or one is interested in a comparative study for pursued these goals. In this context, an analogy 
was used for the functions which are discretized by the finite difference method and integrated in the Fluent 
code which is based on the finite volume method. The validation of this procedure was confirmed while 
comparing some results. The results are presented in the form of distributions of the isotherms, the streamlines, 
local and average Nusselt of which the goal to study the influence on comfort.  

1 Introduction 
The thermal behavior of buildings is a current problem 
which arouses the interest of numerous and many 
researchers. Indeed, energy consumptions and 
greenhouse gas emissions are very high to the world. It is 
thus necessary to reduce the energy needs while 
improving the energy efficiency, in particular in the 
sector of the building. This one offers possibilities of 
considerable reduction of the energy consumption, in 
particular by improving the thermal insulation [1]. To 
reduce them, various strategies are organized, among 
which several aim at the improvement of the energy 
efficiency of buildings [2-5]. We indeed notice that 
numerous housing is not isolated yet. About 65 % of the 
walls of housing arrange no insulation. A significant 
portion and  An important part   of   these  not  isolated  
external walls  are massive solid brick  walls or the 
thermal perceived in buildings  was aimed  by 
some research [6-9].Other works suggested studying the 
effect of the insulation on the energy consumptions and 
the energy performances in buildings. The insulation of 
the external walls is complex and several processes exist: 
insulation by filling of the slide, insulation by outside and 
insulation by the interior. In restoration, it very often 
arrives that the choice is restricted for technical reasons, 
economic and/or patrimonial reasons. Although it can 
generate many risks on the level of the hygrothermic and 

mechanical behavior of the walls, Then, since the thermal 
isolation is one of the investments of most profitable 
energy saving, in particular in the new building, Several 
numerical studies and experimental were realized[10-16]. 
The insulation by the interior then becomes often the only 
possible solution in particular with the buildings in the 
Sahara of Algéria. The hygrothermic parameters of the 
existing wall and reported materials must be well-known 
to design powerful and durable walls in time. 

Our study consists in studying the thermal transfer 
through walls. Two types of walls are studied: 
- A not isolated wall, 
- A wall isolated inside by the mud. 

This work presents a study of numerical simulation 
aiming at the role and at the influence of the insulation by 
the mud  as a local material at the city of Bechar situated 
in the south west of Algeria, or we are interested in a 
comparative study for aimed these goals. In this context, 
an analogy was used for the used functions which are 
discretized by the finite difference method and integrated 
in the Fluent code which is based on the finite volume 
method. The validation of this procedure was confirmed 
by comparing some obtained results. The results are 
presented in the form of distributions of isotherms,   

Stream lines and the local Nusselt number and 
average Nusselt number of whom (which) the purpose to 
study the influence on the comfort. 
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2 Geometric configuration 
By giving itself two configurations, the one being 
described the wall without insulation, and the other one 
with insulation by the mud. The studied configuration is 
represented on the figure 1. We chose the most 
widespread construction in the area. The studied room is 
a structure of a multi-house zone, but in is interested in 
only one, of dimension 16 m3 (4 x 4 x 4).To simplify the 
calculation we are interested in a phenomenon of two 
dimensions. The outer walls are simple concrete walls of 
20 cm, with the mortar coating outside surface of 
negligible thickness compared to the thickness of the 
outside wall. The roof is insulated [supposed or 
presumedly adiabatic]. And on the bottom floor earth 
(ground) is a concrete slab with a wooden frame 
[supposed adiabatic]. Temperatures imposed on interior 
and exterior walls are captured experimentally in one day 
of a    summer of August the Bechar city to 15h00.Then 
to model this phenomenon. This is a square cavity of 
length L and a height h. The left and right vertical walls 
of the cavity are heated to a constant temperature equal to 
Tc 48 ° C (Tc = 1 for the dimensionless case)  Tf  equal 
to 25 ° C (Tf = 0.5 for the dimensionless case), and the 
other walls are maintained adiabatic . One will exploit the 
existence and the absence of the interior insulation to 
facilitate the comparative study. The thickness of 
concrete wall e1 =L/20, and the thickness of the insulation 
interior by the Mud is e2 =L/20. The factor of the form is 
A = 1. 

 
 

Figure 1. Schematic of the studied configuration 
 

To simplify the problem, assume that: 
• The fluid is Newtonian and incompressible. 
• The heat dissipation by viscous friction is neglected. 
• The Boussinesq approximation is considered 

3 Objects 
We can express our aim for this study in the following 
points: 

• Study the Modelling of the coupling of 
convection - conduction. 

•  Study of the effect of the distribution of the heat 
inside buildings on the convection. 

 

•  Comparative study between the construction of 
buildings with and without insulation. 

•   Study the effect of the Rayleigh number on the 
convection in building. 

• Test the reliability of the insulation with the Mud 
as local material.  

4 Mathematical model 
The fluid is assumed incompressible and obeys the 
Boussinesq approximation. In these cases, continuity in 
two dimensions and the equations governing the flow and 
energy is given by: 
 
Continuity.  
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Y-momentum. 
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Energy. 
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The derived equation of motion (2) over Y and the 

equation of motion (3) by contributing to x, then, after 
subtracting the two equations obtained, we obtain the 
equations dimensionless variables in writing Helmotz in 
terms of vorticity and stream function formulation are as 
follows: 
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The stream function and vorticity are related to the 

velocity components by the following expressions: 
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The dimensionless parameters in the equations 
above are defined as follows: 
 
 

     

�
�
�

�

��
�

�

�

=
−
−

===

===

aL
tt

TT
TT

T
u
PP

u
V

u
uU

H
yY

H
xX

ic

i

ii

i

/
*,,,

,,

22ρ
ν

       (9) 

 
For solid, we are interested only in the following heat 
equation: 
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5 Procedure of Simulation 

The numerical calculation was conducted using the 
computer code "fluent" 6.2.13. The numerical procedure 
used in this work is that of finite volume. 

It involves the integration of differential equations of 
mathematical model on finite control volumes for the 
corresponding algebraic equations.  

The SIMPLE algorithm [17] was chosen for the 
coupling speed pressure in the Navier-Stokes equations 
on a staggered grid. The convective terms in all 
equations are evaluated using the schema upwind first 
order.  

The discretization of the time term is made in a 
totally implicit scheme. The convergence of the solution 
is considered reached when the maximum relative 
change of all variables (u, v, w, p, t) between two 
successive time is not less than 104. 

With an aim of following well any variation of the 
fields thermal and hydrodynamic, we used a uniform 
grid of   14241 nodes and 14480 Elements in non-
stationary mode. 

6 Validation of the Code of Calculation 

6.1 Validation of the model 

The computer code was validated on a natural 
convection problem of stale air in a square cavity with 
vertical walls differentially heated and adiabatic 
horizontal walls. Our results were compared with those 
obtained by De Vahl Davis (1983) [18] .The latter dealt 
with the same problem by adopting the finite difference 
method with the vorticity-stream function formulation 
(see Table 1). 

 

Table1. Comparisons of the results of validation 

 Ra = 103 Ra = 104 Ra = 105 

Nu 
(average 
number) 
(hot wall) 

 

present    
study: 

 
1.2 

present    
study : 

 
2.257 

Present 
  study : 

 
4.64 

Nu 
(average 
number) 
 (hot wall) 

 

De Vahl 
Davis 
[18]:  

 
1.12 

De Vahl 
Davis [18]:  

 
2.243 

De Vahl 
Davis [18] : 

 
4.52 

7 Results and Discussion 
The structure of the flow, the temperature field and heat 
transfer through the hot wall are discussed in this 
section. 

In this study, to target the most important goal, we 
will show and studied the effect of the insulation by the 
Mud on dynamic and thermal behavior of the fluid in 
the cavity. 

7.1 Isotherms  

The isotherms are shown in Figures [2-9]. The heat 
distribution in the cavity is in accordance with the fluid 
circulation revealed by isotherms and iso currents. 
Indeed we find a heating fluid from the interface, if it 
causes the change of the heat distribution in the cavity 
(see figures) for different numbers of Rayleigh For a 
fixed value of the number of Prandtl equal 0.71. 

Gradually, as the Rayleigh number has increased, 
the isotherms become increasingly wavy and heat 
transfer increases, so the flow intensifies and natural 
convection is expanding and predominates (natural 
convection is predominant). 

 

 

 
 
Figure 2. The Isotherms For uninsulated wall, Rayleigh 
Number Equal 103, Pr=0.71 
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Figure 3. The Isotherms For Insulated   Wall, Rayleigh Number 
Equal 103, Pr=0.71 
 

 
 
Figure 4.The Isotherms For uninsulated wall, Rayleigh Number 
Equal 104, Pr=0.71 
 

 
 
Figure 5. The Isotherms For Insulated   Wall, Rayleigh Number 
Equal 104, Pr=0.71 
 

 
 
Figure 6.The Isotherms For uninsulated wall, Rayleigh Number 
Equal 105, Pr=0.71 
 

 
 
Figure 7. The Isotherms For Insulated   Wall, Rayleigh Number 
Equal 105, Pr=0.71 
 

 
 
Figure 8.The Isotherms For uninsulated wall, Rayleigh Number 
Equal 106, Pr=0.71 
 

 
 
Figure 9. The Isotherms For Insulated   Wall, Rayleigh Number 
Equal 106, Pr=0.71. 

7.2 Streamlines 

 
 
Figure 10. Streamlines obtained For uninsulated wall, Rayleigh 
Number Equal 103, Pr=0.71 
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Figure 11. Streamlines obtained For Insulated wall, Rayleigh 
Number Equal 103, Pr=0.71 
 

 
 
Figure 12. Streamlines obtained For uninsulated wall, Rayleigh 
Number Equal 104, Pr=0.71 
 

 
 
Figure 13. Streamlines obtained for Insulated wall, Rayleigh 
Number Equal 104, Pr=0.71. 
 

 
 
Figure 14. Streamlines obtained for uninsulated wall, Rayleigh 
Number Equal 105, Pr=0.71 
 

 
 
Figure 15. Streamlines obtained For Insulated   Wall, Rayleigh 
Number Equal 105, Pr=0.71. 
 

 
 
Figure 16. Streamlines obtained for uninsulated wall, Rayleigh 
Number Equal 106, Pr=0.71 
 

 
 
Figure 17. Streamlines obtained for Insulated Wall, Rayleigh 
Number Equal 106, Pr=0.71 
 
Figures [10-17] shows the current lines corresponding to 
Rayleigh numbers: 103, 104,105 and 106 with a value of  
Prandt = 0.71 For uninsulated and Insulated   Walls . 
When Ra = 103, the flow is almost symmetric, we see that 
there are cells that are closed on itself, the fluid motion 
was a motion block, which justifies the existence of 
recirculation zones closer the center of the cavities, the 
flow lines are substantially parallel to the vertical walls. 
So also for the representation of flow lines corresponding 
to the Rayleigh number equal to 104,105, we find that the 
current lines are tight at the vertical walls and in the 
middle, this is due to strong temperature gradient at the 
vertical walls and thus the flow is parietal which 
characterizes the large convective heat transfer to the 
vertical walls. We also observed the formation of two 
cells in the recirculation cavity for 106 same. It is also 
noted in the latter case, the expansion of two areas of 
recirculation of a cell in the clockwise direction and the 
other in the opposite direction, with the increase of 
Rayleigh. 
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7.3 Temperature profiles 

 
 
Figure 18. Dimensionless horizontal temperature profiles for 
different Rayleigh numbers for uninsulated and insulated walls, 
Pr = 0.71, Y = 0.5 
 
Observation of the temperature profiles for different 
values of y = 0.5 (Figure 18) to Rayleigh leads us to 
confirm that the increase of temperature takes the form of 
the parabola is to say, this increase is condensed in the 
middle irrespective of the number Rayleigh, but it is 
sensitive, we can say there is a direct proportionality. 

7.4 Nusselt numbers 

We report in Figure 20 the influence of the Rayleigh 
number on average Nusselt number. We found a 
significant influence of the Rayleigh number. The 
increase in average Nusselt number is accompanied with 
the increase of Rayleigh, but after the Rayleigh number 
equal to 105, the heat transfer is almost the same, and then 
represents the better heat transfer in the cavity. 
The local Nusselt number is presented in Figure 19, it is 
clear that it becomes important for every increase of 
Rayleigh because of the change in the exchange ratio 
between the wall and the air, a difference of around 16% 
on average, between insulated and uninsulated walls to 
Ra = 105, which can be doubled to Ra =106 . 
 

 
 
Figure 19. Profiles of Local Nusselt number, for different 
values of Ra=103,104,105 and 106, for insulated walls, 
Pr = 0.71. 

 
 
Figure 20. Profiles of average Nusselt number for 
different values of Ra=103,104,105 and 106, for 
uninsulated and insulated walls, Pr = 0.71. 

8 Conclusion 
The idea of this work is based on actual events; this is 
just the underfloor heating in buildings arides. The 
objective of our work was to study the behavior of the air 
in enclosed with two-dimensional numerical study of 
natural convection or (where) laminar flow is considered 
on is interested by conduction or convection coupling. 
Solving equations governing natural convection written 
Helmontz’s variables � and 
 which are discretized by 
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the finite difference method. We validated the work in the 
literature for the hydrodynamic and thermal studies in the 
cavities where he showed good consistency. For our 
simulation, we presented the streamlines, isotherms and 
the influence of key parameters such as positioning after 
the interface and the number of Rayleigh convection. We 
have shown by this simulation, the following: 
 
1. Convection affects the structure of the isotherms. 
 
2. The temperature of the fluid increases dramatically 
with increase in Rayleigh number.  
 
3. The Interior thermal isolation reduces the losses of heat 
and minimizes the energy needs (request of heating) and 
thus reduced in fact, at the same time: the invoice, 
consumption and pollution. 
 
4. The Mud is insulating effective which to guarantee the 
comfort and the air quality inside the building 
 
5. The interior thermal insulation helps to preserve a 
constant temperature in the integrality of your housing 
winter like summer. 
 
6. The Inside thermal insulation has a promising future 
provided that all actors, around the sector of construction 
are justified and motivated and conscious of the 
ecological and financial issues. 
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