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Introduction

In recent years, the energy demand of buildings has increased 
rapidly due to the population growth and with economic 
development. Unfortunately, the excessive use of fossil fuel [1] 
despite their harmful impact on the environment and also on 
health generates a lot of harmful consequences like greenhouse 
effect, global warming, acid rain, deterioration of the ozone layer, 
etc. Therefore, alternative solutions must be taken as the demand 
for thermal comfort in buildings increases, energy consumption 
increases accordingly, making the building sector the most energy 
consuming sector in several countries in the world. According to 
the World Energy Council, primary energy demand will double 
by 2050 [2]. Reducing the energy consumption of buildings and 
improving their energy efficiency mobilizes various research 
studies [4-9]. Passive solar wall such as trombe wall is an effective 
method to increase the energy efficiency of buildings thanks to its 
high energy storage capacity [10-13]. The objective of this paper 
is to investigate the Trombe wall of Mehran and Vali [14] using 
scSTREAM V13.

Numerical Simulation

Room structure and parameters

In this paper, a model room of 3 m × 2 m × 3 m 
(length×width×height) was established (Figure 1). 

The Trombe wall can receive the solar intensity from the 
south direction. It is made of concrete with 20 cm thickness. For 
the absorber, the solar radiation is modeled by solar ray tracing. 
All walls including the side walls, the ceiling and the floor of the 
test room, the ceiling and the floor of the channel and the side 
walls of the channel of the Trombe wall are made of foam covering 
with a mixture of thatch and concrete. The other facades were 
foundation walls and the insulated boundary condition is adopted. 
The dimensions of the upper and lower vents are 30 cm × 50 cm. 
In addition, the Trombe wall is shielded by a glass, creating an air 
channel gap. The convection boundary condition is considered for 
both the glassy parts and the wooden door of the test room. The 
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heat convection coefficient is about  (8.5 W)⁄(m^2.K). The thermal 
properties of each material used in this numerical study are listed 
in Table 1.

Governing equations

The system of equations governing this problem is given bellow:

1.	 Continuity equation: ( ) 0i
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2.	 Momentum equation:
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Figure 1: Model of Trombe wall by Mehran & Vali [14]. 

Table 1: Thermal properties of the material.

Material
Density

(kg/m3)

Specific Heat

(J/kg. K)

Thermal Conductivity

(W/m. K)
Emissivity Coefficients

Lightweight Concrete 1800 840 1.5 0.92

Foam 20 1400 0.03 0.9

Thatch 100 1420 0.09 0.91

Glass 2500 750 1.4 0.95

Wood 700 2310 0.173 0.88

Where ρ is the density, k is the thermal conductivity, μ is the 
dynamic viscosity, ui are the components of velocity, xi are the 
cartesian coordinates, P is the pressure and T is the temperature.

To simplify the mathematical resolution of the problem, the 
following assumptions are applied:

1.	 The flow is laminar and unsteady.

2.	 The fluid is incompressible.

3.	 Since the velocities in natural convection are low, the term 
viscous stress in the energy equation is ignored. 

4.	 The buoyancy force is modeled by the Boussinesq 
approximation. 

The test room is modeled and simulated through scSTREAM 
V13 software as shown in Figure 2 (Figure 2).

Result and Discussion

In order to check and validate our approach, predicted average 
temperatures of the absorber and the back of the Trombe wall are 
presented for a specific day; the 6th of February. The cold air moved 
toward the lower part of the room and then guided to the bottom 
of the channel. There it is heated again by the Trombe wall. The 
comparison between computational results obtained through this 
investigation and results reported in Mehran and Vali [14] is shown 
in Figures 3 and 4.  Based on these comparisons, it is concluded 
that the current numerical approach using scSTREAM provides 
satisfactory results. The results demonstrate that, with an increase 
in solar radiation intensity, the temperature of the absorber (Figure 
3) as well as the temperature of the back of the Trombe wall (Figure 
4) increase. At 07: 00, the system has its first interaction with solar 
energy, thus it penetrates the glass cover, resulting in the absorption 
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of solar energy by the Trombe wall. The absorbed solar energy is 
therefore transferred to the trapped air in the channel by natural 
convection. Consequently, a buoyancy effect is produced driving the 
air from the bottom to the top of the channel. Through the upper 
and lower vents, the warm air continued to circulate in the room. 
When there is no sun, the absorber temperature decreases more 

than of the back of the Trombe wall due to the heat lost from the 
channel. As shown in Figures 3-4, the temperature of the absorber 
is higher than of the back of the Trombe wall due the loss of energy 
which was transferred by conduction from the absorber to the back 
of Trombe wall (Figures 3,4).

Figure 2: Model room using scSTREAM. 

Figure 3: Comparison Between the Temperatures of the Absorber.  

Figure 4: Comparison Between the Temperatures of the Back of the Trombe Wall.  
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Conclusion

This study deals with the numerical simulation of Trombe wall 
in a 3D room. It enables us to draw the following conclusions: 

1.	 Solar energy plays an important role in exploiting from the 
direct contribution of solar radiation. Thus, a number of parameters 
should be taken into consideration. For a building with Trombe wall 
located in the north hemisphere, the south facing façade seems to 
be the most effective orientation.

2.	 The mass wall is considered to be the essential constituent 
of a Trombe wall because in it solar heat will be stored and 
transmitted to the room. 

3.	 Good insulation of the building envelope is needed 
because the solar radiation can strike the interior floor and its 
adjacent walls directly.
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