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The Limitations on fossil fuel resources and air pollution are among
the main human problems in today's society. Passive solar systems
are one of the most effective ways to prevent air pollution and reduce
fossil fuel consumption. In the present study, the thermal comfort of a
south-facing thrombus wall was investigated in five locations in Yazd
province, including Abarkooh, Bafgh, Meybod, Mehriz, and Yazd cities
in the last three months of winter. The average energy received at
earth surface, hours of sunshine, and average temperature were
assessed at each study location by 3-hour synoptic data between 2015
and 2020. Followed by entering the information into the Fluent
software using meteorological data and calculations performed by
EES software, the energy received by Fluent was obtained in different
radiations. Based on the findings, Meybod, Mehriz, Bafgh, Abarkooh,
and Yazd had the best thermal comfort efficiencies, respectively. In all
study areas, the ideal temperature for humans was obtained after
performing the simulation.
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EXTENDED ABSTRACT

Introduction

Trombe wall is a passive solar system that can be used in cold climates for static
heating in the building. Also, with the ability to become a solar chimney, it has the ability
to increase the natural ventilation rate and consequently reduce the temperature of the
building. Therefore, it has a good ability to reduce thermal load and energy consumption
in the building. The passive solar system is a system that forms parts of the external shell
wall and is designed in such a way that a passive mechanism collects and stores the sun's
energy in order to transfer it to the interior of the building at the right time. In buildings,
there is an opportunity to preserve and survive potential energy. Because energy is
needed for heating, cooling, air conditioning, etc, among which heating has a major
contribution to energy consumption. By using the clean and renewable energy of the sun,
it is possible to provide a large amount of the energy needed by the building for heating.
In passive heating systems, a reserve of thermal energy is created in the walls and roofs
of structures. The remarkable thing is the walls of the tank, which are arranged in such a
way that the solar radiation passing through the glasses is absorbed on one side of these
walls. By absorbing energy, the temperature of the walls increases and a time-dependent
temperature gradient is created in the wall. The energy is wasted through the glass and is
transferred to the room through the wall facing the room by radiation heat transfer and
natural displacement. Some of these walls may have vents at the top and bottom. In this
way, the cold air enters the wall through the lower vent and moves up as it heats up and
decreases in density and enters the room through the upper vent, and this mechanism is
repeated until the air in the room reaches the desired temperature. In figure (1) there is a
view of Trombe wall.
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Figure 1: Trombe wall view
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Methodology

In this research, first, the solar radiation outside the atmosphere was extracted in the
study points, and then, using the solar radiation on the earth's surface, the fineness of the air
was extracted, and finally, the solar radiation on the vertical and horizontal surfaces was
obtained. Solar radiation outside the atmosphere is obtained by equation (1).
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After calculating the radiations in the vertical and horizontal surfaces, the information can
be entered into the Fluent software. In this research, a 3 x 3 room in 2D mode was simulated
by Ansys Fluent 18.2 software, and networking was done by Gambit software. Networking
is done linearly and includes 90861 networks. Solving the problem is based on pressure
(Pressure Based) and the governing equations for solving the problem include the turbulent
flow equations in the form of (k-€) and the model (k-€) in the standard form. Also, problem
solving was done in a stable way and two materials were used in the simulation, which
include air and brick wall. In the calculations, we considered air as an ideal gas. In Figure (2),
you can see the view of the simulated wall with the dimensions used in it.
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Figure 2: View of the simulated wall.
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Results and discussion

In this research, on the south-facing glass, calculations were made based on 6=90°.
Radiation is applied as heat flux on the absorber and radiation on the roof is done as 6=0°
and using equation (2), displacement heat transfer coefficient for vertical and horizontal
surfaces has been extracted and entered into the software. (only for glass and roof). Also,
the floor of the room is insulated and the wall behind the room is simulated as a constant
temperature.

o xeX(T* = To*) + h(Ts — Too) = Gsotar (2)

After performing calculations in the studied points and by entering the intensity of
horizontal and vertical radiation as well as the average temperature in the Fluent software,
the answer was obtained.

Conclusion

As seen, 5 points were investigated in Yazd province and we know that Yazd province
has a dry climate. This research was carried out in order to check whether thermal comfort
can be achieved by using a passive solar system (Trombe wall) in the winter season when
the solar radiation is below 200 watts per square meter. Heat becomes important to us when
it can be used. The results showed that with a simple trombe wall with brick material,
thermal comfort can be achieved in the studied points with horizontal and vertical radiation
below 200 watts. In the conducted research, Maybod ranks highest and Yazd ranks lowest.
But the important point of the present work was that, all the points in the cold and dry
winter climate were able to reach the ideal temperature for humans with a simple Trombe
wall. The next advantage of the Trombe wall, which was mentioned earlier; is the reduction
of energy consumption. A trombe wall facing south starts its work from the moment of
sunrise and gives thermal comfort to a person and finishes its work at sunset. Tables (2) to
(6) presented sunny hours, which do not require fossil energy for thermal comfort.
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