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ABSTRACT: In this paper, the thermal analysis of a solar wall system equipped with photovoltaic ~ Review History:
cells and phase-change materials has been numerically investigated. For the thermal modeling of Received: 2019-05-04
Revised: 2019-09-13

absorber plate, phase-change material, and room are written. The validation of the numerical results  Accepted: 2019-09-22

the system, the energy balance for its various components, including photovoltaic cells, air channel,

is consistent with the experimental data of previous studies. In parametric studies, the effect of phase- ~ Available Online: 2019-10-21

change material thickness, inlet air flow rate, collector width, and packing factor have been investigated
on the room temperature and system average energy efficiency in four consecutive days. Results show  Keywords:
that the optimal phase-change material thickness is 0.05 m. Increasing the phase-change material
thickness reduces the room temperature and energy efficiency. Increasing the airflow rate decreases the

Solar wall

photovoltaic cell temperature and increases electrical efficiency, thereby increasing energy efficiency. Phase-change materials
However, it reduces room temperature. Therefore, the optimum flow rate of air was obtained at 0.04 Photovoltaic cell
kg/s. Increasing the collector width, despite increasing room temperature, reduces energy efficiency, so ~ Thermal analysis
the optimum collector width was 0.7 m. The increase of the packing factor increases room temperature

and reduces energy efficiency. Therefore, the optimum packing factor was 0.5.

1. INTRODUCTION Many pieces of research [1-4] have been carried out on

One of the ways to optimize energy consumption in
buildings is to use a solar wall. A solar wall equipped with
photovoltaic cells and phase-change materials can provide
electricity and heat storage throughout the day and help with
space heating during the night [1]. Fig. 1 shows the schematic
view of the studied solar wall.
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Fig. 1. Schematic view of the studied solar wall [1]
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the performance evaluation of the solar wall system.

Jie et al. [1] investigated the thermal performance of a
photovoltaic solar wall. They developed a mathematical
model based on two-dimensional transient heat transfer for
system various components to predict solar wall performance.
Their results show that the solar wall increases the average
room temperature by 0.5 °C and decreases the temperature of
the photovoltaic cells by 1.28°C. In previous studies [1-4], the
conventional solar wall for building heating has been studied.
However, the present study analyzes the thermal performance
of the solar wall, which is equipped with photovoltaic cells
and phase-change material. The solar wall of the present
study is capable of storing thermal energy and generating
electricity simultaneously.

2. METHODOLOGY
2.1. Governing equations

The governing equations of the solar wall system are
obtained by writing energy balance for the various component
of the system as follows [1, 2]:
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The electrical efficiency of Photovoltaic (PV) cells is obtained
from [5]

M =1y [ 1-0.0045(7, ~T,,)+0.052I(G/G,,.) ] (8)
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The energy efficiency of the solar wall system is defined as
follows
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2.2. Validation
The simulation results of the present study for the solar
wall without phase-change material are validated with the
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Fig. 2. Simulated and experimental values of the various
temperature of the solar wall system
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Fig. 3. Energy efficiency variations for four consecutive days
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Fig. 4. Received heat flux by the room versus to solar radiation
intensity and external heat flux

experimental data of Jie et al. [1] (see Fig. 2).

According to Fig. 2, the simulation results of the present
study for the various temperature of the solar wall system are
in good agreement with the experimental data of Jie et al. [1].

3. RESULTS AND DISCUSSION
Fig. 3 shows the variations of energy efficiency for four
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consecutive days.

According to Fig. 3, the energy efficiency of the day has
an upward trajectory and reaches about 35% during peak
hours of sunshine. At nighttime, as the sun goes down and
the ambient air gets colder, the efficiency drops sharply and
reaches to near zero.

Fig. 4 shows the received heat flux by the room versus
solar radiation intensity and external heat flux. The amount of
heat flux received by the room is about 75% of the intensity of
solar radiation. At night, the phase change material provides
about 30% of the heat needed to warm the room and requires
about 100 W/m? of external heat flux to fully heat the room.

4. CONCLUSIONS

It is concluded from the simulation results of the present
study that the simulation results of this study are in good
agreement with the experimental results of previous studies.
The use of phase change material in the solar wall can provide

up to 30% of the thermal energy needed to heat the room.
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Fig. 2. Picture of solar wall in experimental analysis of Jie et al. [6]
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Table 1. Design parameters of the studied solar wall in the present study [6]

Sl bl Jlade bl
A=Y OFfm' Ol amio colas ag=+1+0 Wi iz oy
A~YIYYEEm’ i Corlus =130 Wi 9u o
A, =oNFosm' Sa s ol =+ IYY Qi g s
A,=%1/2fm’ bl mhw cols 0c="13 Jsbos iz gy
b=-+/Afm s JUIS 5 5e =10 s gy doyo
D=+/\Am lsa JUIS gos e=+IV Jsbos y900 o
p =\/\Akg/m" g K> 0=+ il i iz oy
Cp:\"‘ kJ/kgK ‘9.&: LSJ)‘)? &Nj)b 817:’/% ubbw)su\o oo
0=V OV 2 m'/s lgoo & )9Sy o=+ 1A Sor lns @iz cu s
Ly=+/'m S g Cualies L~=+/-+\m Jsho cuslses
Ly=-/--Ym il ambn Cwlis Le=+/++-0m aiod Cwlks
Netrer =-NY | gy <l 5o (SoySh lasily | Gre=)e e s WiM' | ez je el o s

(V] polo Gudizns solisiw] 3 yg0 00idd 318 yuss 0lo b S509.Y Jgu
Table 2. Characteristics of the phase-change material in the present study
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Table 3. Final desired value of the design parameters
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