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a b s t r a c t

This paper is dealing with the development of a new type of shell-structured solar collector for the heat
exploitation of solar energy for building use and to determine its thermal efficiency. The literature review
confirms that solar collectors appreciated not only by their usefulness, but also according to their
aesthetic considerations. In addition to traditional solar collectors it is viable to study the solutions how
the structural elements of the buildings can also be used to capture solar energy, when the architectural
design would not change, but the required surface operates as solar collector. During the modelling and
simulation of the shell-structured solar system strong consideration was given to the efficiency issues.
The energy balance equation of the collector includes the influencing factors especially the radiation and
heat convection, which are expressed by their heat loss coefficients. Based on the measurements it can be
stated that in the case of the simplest structural design (no thermal insulation, no surface covering) the
working fluid can warm up to 20e25 �C. Concerning to the structural design the built-in pipe diameter
cannot be increased over the half of the concrete tile thickness, and it is not suggested to increase the
pipe length beyond 3m within the tile. A recommended use of such architectural elements can be
designed for renovation of buildings, along with the active utilization of solar energy in order to meet the
increasingly stringent energy standards for buildings.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Major research and development activities in recent decades
have led to the capture and exploitation of renewable energy re-
sources (among them the solar energy), applications, equipment
and commercially viable technologies.

The flat plate collectors are themost commonly used, traditional
equipment to use the solar energy for making domestic hot water
and heating of buildings (Fig. 1).

In furthermore, a short literature review is provided concerning
to the main issues of the solar collectors. It includes the approaches
for:

- the structural design,
- the thermal behaviour,
- the applied materials, and

- the environmental and social aspects.

Flat plate solar collectors (FPSC), a non-concentrating type of
unit, consist of an absorber (made of copper or aluminium) and
glazing, separated by an air layer. The absorber's bottom and sides
are insulated. Many studies have been performed to understand the
thermal behaviour of collectors whose efficiency depends on both
the value of the incident solar radiation on the absorber and
associated thermal losses [1e4]. According to these studies, it has
been illustrated that the glazing collector is the most important
source for thermal losses varying between 10% and 35%.

Many studies have been performed and techniques developed to
reduce collector thermal losses, to modify the properties and form
of the glazing, and to focus on the modification of the absorber
shape. All of those studies gave an overview of FPSC's thermal
behaviour and have provided many techniques to reduce their
thermal losses but an economic approach has rarely been
mentioned. The materials consumed for fabrication and so the final
products are fairly expensive.

There are also some publications on the thermal behaviour
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and performance estimations of polymer collectors [5,6]. The
conclusion of these studies related to reductions in the weight by
more than half of that in traditional collectors whilst providing
similar performances. There must be a way for an appropriate
development, junction of a cheap plastic water chamber, UV
resistant PVC collector bodies to the heating and water preheating
systems are to be considered.

Many studies have been performed so that the temperature
difference existing, between urban areas and the surrounding
suburban or rural areas, as much as 5 �C could be exploited. Nearly
40% of this increase is due to the prevalence of dark roofs, with the
remainder coming from dark-coloured pavement. An urban heat
island (UHI) is an urban or metropolitan area, which are signifi-
cantly warmer than its surrounding rural areas due to certain
human activities. The temperature difference usually is larger at
night than during the day, and is most apparent when winds are
weak. UHI is most noticeable during the summer and winter. The
main cause of the urban heat island effect is originated from the
modification of land surfaces. The heat island effect can be
counteracted slightly by using white or reflective materials to
build houses, roofs, pavements, and roads, thus increasing the
overall albedo of the city. A cool roof made from a reflective ma-
terial such as vinyl reflects at least 75% of the sun's rays, and emit's
at least 70% of the solar radiation absorbed by the building en-
velope. Generally, any built-in solar collector can reduce the

overheating of the houses, as we transport the energy of the ra-
diation arriving to the surface [7e10].

The literature review confirms that homeowners appreciated
with solar collectors not only by their usefulness, but also according
to aesthetic considerations. In addition to the traditional solar
collectors, it is also required to study how reliable when the
building's structural elements are also used to capture solar energy.
The mentioned idea initiated to take into account new, non-
standard solutions as for example the building integrated solar
tile collector systems.

From an energy point of view, one might be less efficient, but
with higher surface area of the solar tile system. At the same time,
increasing the proportion of active solar energy use is of high
importance and significance. There are significant subsidies to
modernize the energy consumption, primarily for installation of
solar collectors, which could help the structural revision of energy
supply, and so use the newly considered solutions, as well.

In order to study the bodies of the developed new type of tile
collector along with their thermal behaviour a mathematical
modelling, simulation and experiments can be successfully
applied. Additionally, for the investigation of the incident solar
radiation characteristics several measurements have to be carried
out on samples of different material surfaces to be used as
absorber. The design of present heat exploitation solar collectors
has a special structure in many cases, it uses special material

Nomenclature

A surface (m2)
c specific heat (J/kgK)
d diameter (m)
E energy loss (W/m2)
I irradiance (W/m2)
k heat transfer coefficient (W/m2K)
m mass (kg)
_m mass flow rate of the working fluid (kg/s)
T temperature (K)
_T temperature gradient/difference (K)
V volume (m3)
w, h, l geometric parameters (width, thickness, length) of

tile (m)

Greek letters
a absorption coefficient
b loss factor of glass

D difference
h efficiency (�)
r density (kg/m3)
t transmissivity

Subscripts
a ambient
c conveyed specific
co concrete
g global
gl glass window
in inlet
l loss
m average
o optical
out outlet
t tile
w working fluid (water)

Fig. 1. The traditional structure design of solar collectors.
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