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 The paper presents a two-dimensional numerical investigation of a solar chimney combined 

with an absorbing capacity wall in a building’s south façade. The analysis was carried out in 

Aversa (Italy), in July and December, from sunrise to sunset. The chimney is made up of a 

converging channel, a vertical absorbing wall, and a two-degree angled glass plate. It is 5.0 m 

tall, while the height of the channel is 4.0 m, with an inlet of 0.34 m and an outlet portion of 

0.20 m. A phase change material with metal foam makes up the thermal energy storage system. 

Four possible configurations are investigated to identify the ideal hybrid system arrangement 

in terms of thermal performance; the commercial code Ansys-Fluent is used to solve the 

problem. The results of the thermal energy storage system with metal foam and PCM are 

provided in terms of liquid fractions, stored energy, and stream function fields, while the ones 

of the wall temperature distributions in the channel are reported. Thermal and fluid dynamics 

behaviours are so evaluated to have some useful indications to improve the system. 
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1. INTRODUCTION 

 

The solar chimney is a feasible passive solar heating and 

cooling solution that uses clean energy rather than fossil fuels 

[1, 2]. Solar radiation is used to boost the temperature of the 

air, and the buoyancy of warm air is used to speed up the 

airflow through the system [3-5]. The solar chimney is the 

subject of many studies that have shown how the use of PCM 

improves its thermal performance, where it is highlighted how 

the thermal and geometric features of PCMs have a significant 

impact on overall chimney performance. The outcome of 

earlier research showed that PCM has a lot of potential for 

increasing building thermal comfort, extending ventilation 

duration, enhancing solar chimney power plant electricity 

output, and extending the generating period [6]. In fact, when 

phase change materials (PCMs) are combined with a solar 

chimney, a Latent Heat Thermal Storage System (LHTES) is 

implemented that can be used in both summer and winter. 

During the summer, the indoor spaces are refreshed due to the 

chimney pressing hot air outside, while during the winter, the 

same system can heat the indoor environments due to the daily 

storage effect of the PCMs [7, 8].  

Kotani et al. [9] and Kaneko et al. [10] proposed an 

innovative idea of the solar chimney with sodium sulfate 

decahydrate as PCM for latent heat storage and validated the 

numerical results with experimental ones. They examined the 

case of PCM completely melted and PCM did not melt and 

observed that PCM prolonged the ventilation period in the 

nighttime if only the PCM was fully melted during the day. 

According to Sharma et al. [11] integrating the PCM inside the 

solar chimney can generate a nearly constant average airflow 

of 155 m3/h. Amori and Mohammed [12] show that the 

addition of paraffin wax inside the solar chimney extends the 

ventilation period after sunset and estimated the thermal 

efficiency. They studied various air inlet positions and their 

experimental simulations showed that the solar chimney with 

a side entrance provided the best thermal performance. Cao et 

al. [13] noted how air circulation is an essential factor in 

human productivity and well-being in both residential and 

commercial structures and they presented and explored a new 

titled Solar Chimney Ventilator with Phase Change Material 

integrated with Photovoltaic technology (SCV-PV-PCM). It 

was observed that the produced power and ventilation capacity 

of the SCV-PV-PCM is higher than those of the common 

SCV-PV system. 

Numerical experiments of Li and Liu [14] reveal that when 

the heat flux is less than 500 W/m2, the system performance 

decreases rapidly, and there is no significant improvement 

when the heat flux is greater than 700 W/m2. Meanwhile, the 

experimental results show that the melting time of the PCM in 

the open charging mode is 57% longer than in the closed 

charging mode, with an 11-hour delay for melting [15], and a 

10℃ drop in the phase change temperature which results in a 

50% reduction in melting time and a 70% increase in 

solidification time [16]. Tiji et al. [17] demonstrated that 

finned storage can significantly recover energy dissipation 

while also increasing the average temperature of the room by 

20% compared to a system without fins. The presence of the 

fins, which create a non-uniform airflow inside the room, 

increases the rate of flow by roughly 40%. A great way to 

improve thermal energy storage with PCM is by using metal 

foam. Many researchers have looked at the benefits of PCM 

embedded in copper foam in local thermal non-equilibrium 

(LTNE) [18], and PCM embedded in aluminum foam in local 
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thermal equilibrium (LTE) [19]. Buonomo et al. [20] proved 

innovatively that the performance of solar chimneys is 

enhanced using PCM with metal foam. 

In this numerical simulation, a two-dimensional prototypal 

solar chimney system integrated with an absorbent capacity 

wall of a building's south façade is investigated and both 

thermal and dynamic behavior are analyzed. The chimney is 

made up of a converging channel with one vertical absorbing 

wall and a glass plate that is tilted 2° from the vertical. Behind 

the absorbing vertical wall is placed the box with phase change 

material embedded in aluminum metal foam with assigned 

porosity values and pores per inch (PPI). The box is evaluated 

in four alternative configurations, each with a different 

dimension and position along the vertical wall. The governing 

equations for the transient analysis are the k-ε turbulence 

model and a two-dimensional airflow model and they are 

solved with Ansys-Fluent commercial code. The experiments 

are conducted in Aversa (Italy) in July and December, from 

dawn to dusk. The outcomes are reported in terms of liquid 

fractions, energy stored, and stream function fields, as well as 

wall temperature distributions in the channel. 

 

 

2. MATHEMATICAL MODEL  

 

The configuration of the solar chimney is depicted in Figure 

1, and its geometric parameters are presented in Table 1. It is 

made up of a channel with an absorbing vertical wall of height 

L, on which a homogeneous heat source equal to solar 

irradiance is imposed, and a low-emissivity glass wall inclined 

to the vertical at an angle equal to 2°. A rectangular box with 

a thickness of "s" and a height "L/2", as shown in Figures 1(A)-

1(C), and “L”, as in Figure 1(D), is placed behind the vertical 

wall and filled with phase change material embedded in the 

aluminum foam. bmax and bmin are the inlet and outlet portions, 

respectively. 

 

Table 1. Solar chimney dimensions 

 
Dimension Value 

Lb 2.00; 1.00 m 

L 4.00 m 

s 0.01; 0.02 m 

bmax 0.34 m 

bmin 0.20 m 

 

The enthalpy-porosity approach proposed by Voller and 

Prakash [21] is used to model the solidification and melting of 

the PCM. During the melting process, there is no noticeable 

difference between the solid and liquid zones with this approach, 

but there is a mixed solid-liquid zone. When the material 

solidifies, the porosity reduces from 1 to 0. This zone is described 

as a pseudo-porous medium in which the porosity decreases from 

1 to 0. A liquid fraction parameter, β, is used to define the mixed 

region (mushy zone), and its values range from 0 to 1 when the 

zone is completely solid and liquid, respectively. The value is 

determined by the temperature of the local, T, and is reported in 

Eq. (1). 
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The domain is entirely solid when T < Tsolidus and totally 

liquid when T > Tliquidus. When Tsolidus<T<Tliquidus, melting 

takes place. 

In the present study, the Local Thermal Equilibrium (LTE) 

is assumed to describe the heat transfer between PCM and 

metal foam. The Boussinesq approximation is employed to 

simulate the natural convection of the liquid phase, and the 

metal foam is modeled as an isotropic and homogeneous 

porous media. 
 

 

 
 

Figure 1. Solar chimney sketch 

 

Since compression work and viscous dissipation are 

considered to be negligible, the governing equations can be 

expressed for both the air-zone and the PCM-zone, as 

described by Buonomo et al. [22]. In addition, a k-ε model is 

considered, which was first proposed by Launder and Spalding 

[23] and then by Ayadi et al. [24]. Paraffin wax RT41-43 was 

chosen as the PCM for this investigation, and its thermal 

parameters are listed in Table 2 [25]. The aluminum foam with 

a porosity ε = 0.955 and 20 PPI, was chosen due to its propriety, 

and parameters [26] are also listed in the same Table 2.  
 

Table 2. Properties of the paraffin wax and aluminum foam 

[25] 
 

Properties Paraffin wax 41-43 Aluminum foam 

Cp (J kg-1 K-1) 2100 2719 

ρ (kg m-3) 829 871 

λ (W m-1 K-1) 0.21 202.4 

µ (kg m-1 s-1) 0.0055 - 

γ (K-1) 0.004 - 

hL (kJ/kg) 228 - 

Tsolidus (K) 314.15 - 

Tliquidus (K) 316.15 - 
 

The following condition is assumed: the inlet section has 
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ambient temperature and pressure; the PCM is homogenous 

and isotropic; the heat flux on the heated surface is uniform in 

each considered hour and changes hour by hour, and the 

unheated surfaces are adiabatic. 

The variation of enthalpy, for the unit of volume, in the 

PCM is reported in Eq. (2), in which T0 is equal to 294 K and 

symbolizes the ambient temperature. 
 

0( )pcm pcm L pcm vh h c T T   = + −  (2) 

 

 

3. NUMERICAL MODEL 
 

The governing equations are solved by using the Ansys Fluent 

algorithm and the finite volume approach. Pressure and velocity 

are coupled using the Semi-Implicit Method for Pressure-Linked 

Equations (SIMPLE). Meanwhile, the second-order upwind 

technique is used to discretize convective components in 

unstable energy and momentum equations. For the open channel 

with air within, the Surface-to-Surface (S2S) model was chosen 

as the radiation model and the grey-diffuse model has been 

employed with Ansys Fluent. The uniform heat production that 

is transferred on the aluminum plate is τE, where τ is equal to 

0.68 and it is the transmittance coefficient of the glass, and E, 

which is established using a User Define Function, is the Radiant 

Energy [20]. The choice of mesh is a tradeoff between the quality 

of the solution and the calculation time; consequently, the 

sensitivity of the mesh is investigated by examining three 

computational domains with a total number of cells of 7440 

(mesh n.1), 29760 (mesh n.2), and 119040 (mesh n.3). The 

percentage error is determined using the reference value "h" 

and the unknown error value "hx." The grid mesh n.2 is chosen 

after the sensitivity analysis because it provides the optimum 

balance between simulation performance and computing time. 
 

 

4. RESULTS 
 

The results of the thermal energy storage system integrated 

into the solar chimney are provided in terms of liquid fractions, 

energy stored, and stream function fields. Otherwise, the results 

of the wall temperature distributions in the channel are reported. 

The evolution of liquid fraction is reported in Figure 2 where it 

can be seen in four cases with different thicknesses of the PCM-

MF storage plate, in July and December. When the thickness 

storage box is s=1 cm the PCM melts and solidifies faster, 

instead when s=3 cm none of the configurations achieves 

complete melting during the winter season.  

Figure 3(a) shows the energy stored as a function of time, it 

can be observed that the greater the thickness of the storage 

plate, the greater will be the accumulated energy, as expected. 

Figure 3(b) depicts mass flow rate as a function of time. The 

case with s=3 cm has a mass flow rate in general slightly lower 

than the case with s=1cm, the most interesting difference is 

noticed in the final part of the day, after 16:30, during the 

discharging phase of the storage plate. In fact, s=1 cm 

discharges earlier, and therefore the curves drop faster, while 

the trend of the curves with s=3 cm drops more slowly, and it 

is more stable. 

Figure 4 represents the wall temperature profiles along y for 

s=1 cm in the time range 9:45-18:45 in July. The temperature 

is constant or grows steadily where the plate of PCM+MF is 

placed. Looking at Figure 4, at 9:45 the temperature increases 

and at 12:45 the temperature keeps growing, at 15:45 the 

temperature is constant in the plate where there is the PCM 

and starts to decrease on the rest of the wall. Finally, at 18:45, 

the temperature where there is the plate of PCM+MF remains 

constant, and it decreases on the rest of the wall quickly. These 

profiles clearly show how the temperature trends in the wall 

change concerning the position of the panel with PCM+MF. 

The best performance is obtained in case D, when the storage 

plate has the same length as the wall of the solar chimney. 
 

 
(a) s=1.0 cm - July 

 
(b) s=3 cm - July 

 
(c) s=1.0 cm - December 

 
(d) s=3.0 cm – December 

 

Figure 2. Liquid fraction as a function of time for the 

configurations (A-D) 
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(a) Energy stored as a function of time for s=1.0 cm and 

3.0 cm 

 
(b) Mass flow rate as a function of time for s=1.0 cm and 3.0 

cm 

 

Figure 3. (a) Energy stored as a function of time for s=1.0 

cm and 3.0 cm, for various configurations (A-D) in July and 

(b) Mass flow rate as a function of time for s=1.0 cm and 3.0 

cm, for various configurations (A-D) in July 

 

 
(a) Geometrical configuration A 

 
(b) Geometrical configuration B 

 
(c) Geometrical configuration C 

 
(d) Geometrical configuration D 

 

Figure 4. Wall temperature profiles along y for s=1.0 cm in 

the time range 9:45-18:45 in July for A-D configurations 

 

 

5. CONCLUSIONS 

 

It is critical to define a passive system that uses the 

components of a building to collect, store, and diffuse solar 

radiation heat without the employment of installation. A solar 

chimney with latent heat storage is one of the feasible 

technologies which can be implemented as a passive system. 

This study intended to evaluate the effects of the various 

configuration of the storage system in the solar chimney. A high-

absorbing plate and a box with phase change material embedded 

in aluminum metal foam with assigned porosity values and pores 

per inch (PPI) make up the capacity wall. The box is tested in 

four distinct configurations, each with a different size and 

location along the vertical wall. The results show how the wall 

with and without the PCM+MF plate heats and cools, and how 

the configuration, thickness, and weather affect the trends of 

liquid fraction, energy stored and mass flow rate during the 

day. 
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NOMENCLATURE 

bmax width of the inlet section, m 

bmin width of the outlet section, m 

Cp specific heat, J. kg-1. K-1 

g gravity acceleration, m.s-2 

L height of the chimney, m 

Lh height of the thermal energy storage, m 

h specific enthalpy, kJ kg-1 
H enthalpy, J 

hL latent heat of PCM, J kg-1 

s Thickness, m 

Tsolidus solidus temperature, K 

Tliquidus liquidus temperature, K 

Twall wall temperature, K 

y coordinate along the heated wall, m 

Greek symbols 

 liquid fraction 

γ thermal expansion, K-1 

ε porosity 

λ thermal conductivity, W. m-1. K-1 

µ viscosity, kg. m-1. s-1 

ρ density, kg. m-3 

ω pore size, PPI 

Subscripts 

mf Metal foam 

pcm Phase change material 
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