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Abstract— This study evaluates the performance of Evacuated
tube solar collector (ETSC) to meet a real residential hot water
consumption pattern. During the charge cycle of ETSC, direct
solar radiation only reaches to the exposed part of the tube, which
results in uneven heating due to a lower energy inputin the lower
area. This can be prevented by using a reflector to concentrate the
solar radiations on the lower area of the evacuated tubes, thereby
raising the temperature of the heat pipe and the phase change
material (PCM). Therefore, a polished thin aluminium sheet is
used as reflector. The reflector sheet is being used is in a shape of
compound curved reflector. It is customized, easy for fabrication
and has a lower cost compared to other available reflectors. A
comparison is being made between the efficiencies with the
different mass flow rates of the working model of ETSC with and
without the reflector under the same conditions.

Keywords—evacuated tube solar collector, reflector, phase
change material, mass flow rate

1. INTRODUCTION

The consumption of conventional resources of energy is
very high, so these resources are continuously depleting day by
day. The development of renewable energy is important for the
future to balance global energy resources as it is a never-ending
resource. Among renewable energy sources, solar energy has a
high potential, especially for use in heat production via solar
thermal collectors. Solar collectors are devices that are used to
harness the energy from the sun, convert the income solar
radiation into useful heat energy, being the key element in solar
energy utilization systems. The solar thermal collectors absorb
the incident solar energy to heat up the running water through
the tubes. Evacuated tube solar collectors (ETSC) are
increasingly in use worldwide because of their high thermal
efficiency and high working temperature. The evacuated
tubular solar collector consists of glass vacuum sealed tubes.
The conductive and convective losses are reduced by the
presence of vacuum medium in ETSC. Bazri et al.,2019 (4]
reports an analytical investigation of the new compact design of
evacuated heat pipe solar water heater integrated with latent
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heat storage tank. This device has a set of evacuated heat pipe
solar collector (ETHPSC) arrays directly connected to a tank,
which is filled by paraffin wax as the phase change materials

(PCM).
a) Phase change material (PCM)

The materials in which energy is stored in a form of latent
heat are called phase change materials (PCMs), since the heat
exchange takes place in the PCM through the phase change
from solid to liquid and vice versa. There are different types of
PCMs concemning its organic or chemical base, melting
temperature ranges, and reaction sensitivity with the other
materials. Some studies were performed to investigate the effect
of the PCM integration with the solar system’s storage tank, or
as a separate storage unit, on the system’s performance. Among
the PCMs, paraffins have certain desirable properties for
thermal energy storage. Paraffins have a suitable melting point
and relatively high latent heat (Zalba et al, 2003) [14].
Furthermore, paraffins are non-toxic and harmless to the
environment. Therefore, they are often used as the PCM in
thermal energy storage supplied with solar energy.

b) Concentrators

Energy output temperatures can be increased by decreasing
the area from which heat losses occurs. This is done by
employing concentrators to reflect and concentrate the solar
radiation back to the absorbers. Concentrators can be reflectors
or refractors, can be cylindrical or surfaces of revolution, can be
continuous or segmented. There are two types concentrators:
non imaging collectors with low concentration ratio and linear
imaging collectors with intermediate concentration ratio.
Concentrators can have concentration ratio from low values less
than unity to high values of the order of 10° (John duffie et
al,,2013) [3]. Concentrated solar power with parabolic trough
allows obtaining a higher operating temperature (Olczak et

al.,2016) [2].
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