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EXTENDED ABSTRACT

Introduction

Considering the importance of saving energy consumption, particularly for providing
comfortable conditions in the hot months of the year, and also paying attention to the fact
that the windcatcher alone is not able to cool the air; and phase change materials have a high
capacity in storing thermal energy. In this research, a new design of windcatcher containing
encapsulated phase change materials was studied and the effect of diameter and amount of
phase change particles as well as porosity and type of phase change material on the thermal
performance of the proposed model was investigated.

Methodology

In this research, a new design of a windcatcher containing encapsulated phase change
materials for a residential unit located in Kerman was studied. Simulation was conducted
for 7 different geometries and 3 different phase change materials. Figure 1 shows a
schematic of the simulation.
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Figure 1. Schematic of the windcatcher under study.

Athree-dimensional model in COMSOL software was presented in order to compile and
formulate the heat transfer and fluid flow in the windcatcher under study. In this model, two
series of momentum and energy equations are solved according to the physics of the
problem. The momentum equation is solved in a steady state and the energy equation is
solved in a non-steady state. And the accuracy of convergence for all cases is 10-12.

The assumptions included to derive the equations were as follows:

1- The thermophysical properties of solid and liquid phase change materials are
assumed to be constant and not dependent on temperature.

2-  During the phase change process, the volume change of the phase change material
is insignificant.

3- The effect of natural displacement in liquid phase change materials is ignored.
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According to the conditions of the problem, the flow field is considered to be turbulent.
The standard k-& model was also used to model turbulence.

According to the climatic conditions of the studied area, the speed of the incoming wind
flow to the windcatcher was equal to 3 m/s and the incoming air temperature was equal to
the average temperature of the hot months of the year (i.e. 34 degrees Celsius). Moreover,
by modelling the convection heat transfer in the walls, the convection heat transfer
coefficient was considered equal to 5 W/(m2K).

Results and Discussion
To validate the present study, the simulation results were compared with the

experimental results of the research conducted by Barrientos et al; the results have

acceptable accuracy.

In this research, to compare the thermal performance of the designed windcatcherand
common windcatcher, the windcatcher with and without phase change material was
simulated. The results showed that temperature in the designed windcatcher decreased
by 5 degrees Celsius, while in the common windcatcher, the temperature decrease does
not exist.

Moreover; the effect of porosity on the thermal performance of the designed windcatcher
was investigated. A windcatcher with three different geometries and porosity equal to 0.49,
0.25 and 0.75 was simulated. The findings demonstrate that temperature change where the
porosity is equal to 0.25 occurred with a slower slope than other cases, so that after 3600
seconds, the average temperature was equal to 302 degrees Kelvin, showing a 4 degree
decreasein average outlet temperature. However, with the increase in porosity equal to 0.49
and 0.75, an average temperature decrease of 3 and 2 degrees were observed, respectively.
Therefore, reducing the porosity of the bed reduces the average temperature and improves
the performance of the windcatcher.

One of the most important parameters in the thermal performance of the newly
designed windcatcher was the diameter of the particles. For this purpose, the modelling of
the windcatcher consisted of particles with diameters of 30 mm, 50 mm and 80 mm. The
results showed that by increasing the diameter of the particles, it leads to an increase in the
amount of phase change material and an increase in the contact surface between solid and
fluid, so the thermal performance of the system is improved.

Another important parameter is volume occupied by the phase change material
compared to the total volume of the windcatcher. For this purpose, modelling the case where
the phase change material occupies all the space was compared with the reference case. The
results illustrated that temperature in the windcatcher with a completely occupied phase
change materials was 2 degrees Celsius lower than the reference state but it caused a
pressure drop in output, which can be minimized by designing a suitable fan.

In this research, to investigate the effect of the type of phase change material on the
thermal performance of the windcatcher, three types of phase change material from three
different groups common in cooling and heating systems were selected. RT21HC (organic
substances-paraffins) CaCl2.6H20 (Inorganic - salt hydrate) and SP-28 (composite
materials) were used in the modelling. The results showed that the use of SP-28 combined
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phase change material compared to Cacl2.6HZ20 salt hydrate and RT21HC paraffin increased
the thermal efficiency by 5.88% and 8.82%, respectively due to its improved properties and
temperature stability.

Conclusion

In this research, a new design of windcatcher was studied. The results showed that the
new design improved thermal performance of windcatchers. Furthermore, the
investigations for the porosity of the phase change materials showed that the reduction of
bed porosity leads to a decrease in the average temperature and the improvement of the
windcatcher performance. In addition, increasing the amount of the phase change material
improves thermal performance of windcatcher, although it causes a pressure drop in output,
which can be minimized by designing a suitable fan. The simulation outputs for different
diameters of particles showed that increasing the particle diameter improved the thermal
performance of the system. Finally, the results of the investigation for the type of phase
change material showed that the use of SP-28 combined phase change material compared
to Cacl2.6H2o salt hydrate and RT21HC paraffin increased the thermal efficiency by 5.88%
and 8.82%, respectively due to its improved properties and temperature stability.
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