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Abstract: The electrical output decreases in the PV system due
to the heat generation in photovoltaic (PV) cell. The part of PV
heat formation can be removed through attachment of phase
change materials (PCM) at rear side of the ethylene vinyl acetate
(EVA). The paper explains the Temperature distribution in the
PV modules and analysis was done with and without PCM in two
different weather conditions. Then the PCM (Calcium chloride
hexa-hydrate) is connected on the PV panel rear side to evaluate
the different solar irradiance levels. In Literature it is observed
that the heat removal of PCM capability is used to control the
generation of heat of the PV system. Thus the current work is to
investigate the effects of PCMs in photovoltaic cell which
reduces its temperature and also the thermal response of
PV-PCM system and various weather conditions are analysed.
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I. INTRODUCTION

The temperature rises in photovoltaic cell due to the

solar radiation and thus the electricity conservation
efficiency is reduced in the unit. The CFD analysis of phase
change materials is involving for extracting the heat from PV
cell to increase the efficiency of electricity. The estimation of
power saving model has been designed with integrated
modules of that PV module and PV-PCMs (Calcium chloride
hexa-hydrate) and quantified. The most important solar
radiation ratio is getting the PV panel by aluminum and glass
covers. Utilization of solar panels, the fraction can obtain in
the way of general PV manufacturing models. Then
PV-PCM effective product is used to reduce the solar
radiation in PV and aluminum container.

Il. PROPOSED METHOD

A. Phase Change Materials

Operation of an production, PLC which is the key that is
widely using tool in an industries to control and read the
entire process of the plant; while in running condition of the
PLC ladder program the changes in the rungs are
understandable by a skilled engineer only others cause
difficulties to understand the operation. So that SCADA
system is implementing, through that the changes in the
operation and process are easily understandable to a Client,
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by the differentiation in color of the motor, valves, filling of
liquid in pipes and more are visible to all so that less skilled
operator can also be control the plant [1-3].

In practical applications, the PCM is the essential material
of heat storage because of it has the characteristics of
transferring high heat when crystallization and melting
process that have no particular change of temperature. The
PCM microcapsules captivated heat and stored in liquefied
PCM, when heat increases, as well as, the PCM
microcapsules discharging the stored energy then PCM gets
solidify, when the heat falls [5]. Phase change process of
PCM is explained in Fig.1The schematic representation of
change in states such as liquid to solid as well as solid to
liquid are shown in fig.1

Melting (heat goes into the solid as it melts)

<

" Solidification (heat leaves the liquid as it solidifies)

Solid Liquid
Fig. 1. Phase change schematic representation process

The change in phase processes generally occurs at the
constant temperatures. This property is mainly is used in
many applications. With respect to the Theory, the processed
explained in various methods such as Solid-solid,
Liquid-gas, solid-gas, and solid-liquid transformations.

To achieve the energy saving target, the thermal
performance need to be lifted up which is highly essential.
Normally this target based on cons and pros of thermal.
Thermal Energy Storage system (TESS) improves thermal
performance of building. PCMs for TES material are
providing thermal directive by the action of absorb and emit
the medium heat at certain phase change temperature. The
latent and sensible are the different main methods of TES.
The three steps which explain the complete TES process are
as follows charging, storing and discharging. The articles are
all focused; study of materials [4, 6], performance strength
[7-9], optimization [10-13], heat recovery depends PCM,
and effects of energy saving. The main climatic regions of
PCM as well as PCM latitude ranges are in building and in
different climatic regions, the major physical properties are
there, the CaCl,-6H,0 Calcium chloride hexa-hydrate
(PCM) has been selected.

B. Computational Fluid Dynamics

CFD is to solve equations and the CFD plays an important
role in the modern industry and it gives more information
and help to the researchers for defining and to analyze
problem clearly. CFD technique uses simulation of the real
time analysis so the virtual
procedures and design made
the work less expensive and
time consuming.
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In recent studies the PCM utilization in TESS and
different PCM materials were explained experimentally and
numerically using CFD.

The detailed experimental set up is explained in this paper.
The effect of the performance for thermal changes,
maintenance of temperature and improvement of PV-PCM
efficiency and integrated systems was designed and analysed.
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Fig. 2. Cross Sectional View without PCM Panel
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Fig. 3. PV Cross Sectional View with PCM Panel.

Types of systems such as PV panel with and without PCM
have been chosen for this design. For the system with the
photovoltaic panel with PCM that comprising a PV panel
which set with a phase change material’s container at the
rear side. The other material without PCM is also analyzed.
The materials thermal and physical properties such as,
Length (cm) and Thickness (mm) ,specific heat capacity
(Cpo), thermal conductivity (K) and density (p) of the
material in Table 1 and Table 2.The following are the
materials used Glass, ethylene vinyl acetate (EVA), Silicon,
Black sheet and Aluminium.

Table: | Properties of PV Panel in Thermo-Physical

Parameters | Glass | EVA | Silicon | Black Sheet | Aluminium
Cp 500 2090 677 1250 903
K 1.8 0.35 148 0.2 211
Length (cm) 30 30 30 30 30
Thickness 3 0.5 0.4 0.5 35
(mm)
p (kg/m°) 3000 960 2330 1200 2675
Table: 11 Thermal Properties of PCM
Name Material | Density CP Thermal
Type (kg/m?) (Specific Conductivity
Heat) (W/m-k)
-J/kg-Kk)
CaCl,-6H,0 Solid - | 1562 1440 0.540  (liquid,
Calcium liquid (liquid, 38.7°C)
chloride Liquid - | 32°C) 1.088 (solid,
hexa-hydrate Solid 1802 23°C)
(PCM) (solid,
24°C)
1710
(solid,
25°C)

The experimental setup was designed and the analysis was
conducted in the CFD ansys fluent.
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I1l. RESULTS AND DISCUSSION

The main goal of CFD work as follows (i) analysis the
regulations of PV temperature without PCM, (ii)
Investigation of the effect of PV temperature regulations for
integrated PCM systems.

L

0 0.01(m)
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Fig. 4. Model Structure of photovoltaic panel.

5y
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Fig. 5. Structure mesh of photovoltaic panel without
PCM.

Fig. 4 shows the computational domain PV panel without
PCM and fig. 5 shows the computational grid generated
around the fine mesh for boundary layer resolution. The
elements with

mesh consists of 3933 quadrilateral
appropriate quality index and 28834 Nodes.
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Mar 23, 2019
ANSYS Fluent 15.0 (3d, dp, phng, ske)

Fig. 7. In Normal View Without PCM of temperature
distribution
Fig. 6 and 7 shows the temperature distribution around the
PV panel for Spalart allmaras model and K-epsilon model
over the Aluminium Layer respectively. It is observed that
predicting the stalling effects from K-epsilon model with
standard wall function and hence there is a match in CFD
analysis results in the stalled region.
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Fig. 8. PV temperature distribution ranges during winter
weather condition
Fig 8 and 9 Shows the thermal performance of PV panel
without PCM in an aluminium box and reported the front
surface temperature glass to aluminium layers with winter
and summer weather conditions.
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Fig. 9. PV temperature distribution ranges during
summer weather condition

For justification, the calculations are done by current work
methodology used by same parameters as it is. The variation
in front surface temperature to aluminium with time is
plotted in the fig. It’s clearly noted that the temperature is
increasing in glass surface and aluminium box. The ambient
temperature as well as solar radiation intensity with
variations can be noted in the layers with time respectively.
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Fig. 10. Structure mesh of photovoltaic panel with PCM
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Fig. 11. Temperature Distribution in Normal View with
PCM

Fig. 10 and 11 shows the temperature distribution around
the PV-PCM panel model with standard wall function over
the Aluminium Layer filled with PCM at backside
respectively. It is observed that K-epsilon model under
predicts the stalling effects and hence there is a match in
CFD analysis results in the stalled region.
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Fig. 12. PV-PCM temperature distribution ranges
during winter weather condition
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Fig. 13. PV temperature distribution for different

thickness of material

Fig 12 and 13 shows the thermal performance of PV-PCM
panel in an aluminium box is integrating and filled with
PCM materials. The variation in the temperature of the front
surface to aluminium with time is plotted. It’s clearly noted
that the temperature is decreasing in the PCM Surface due to
that PCM solid to Liquid nature. Solar radiation intensity
with variation and ambient temperature is noted in the layers
with time respectively.

The 300 irradiation was run using the CFD analysis. The
PV and ambient temperature were measured by using
software analysis. First system consists of photovoltaic panel
without PCM the temperature distribution in the glass
surface and the aluminium box due to the materials
properties of thermal conductivity as well as specific heat
capacity. The other module which consists of photovoltaic
panel fabricated with a phase change material provided a
container (aluminium box) at the back side. The temperature
distribution is decreased due to the effects of using PCMs in
photovoltaic cell the materials properties of PCM density
1562(liquid 32°c) at initial stage to solid state 1802 (Solid
24°c) then it changes to solid 1710 (solid, 25°c). The thermal
properties of PCM 0.540 (liquid, 38.7°C) 1.088 (solid, 23°C).
The Comparison of the temperature trends of PV-PCM
integrated modules and the time gives information about the
rate of increase in temperature degree for the rising time
intervals. The reduction in layer of PCM temperature module
caused to heat distribution is slightly decreasing in the
aluminum panel. So may be the electric output efficiency as
maintained due to the integrating of PCM. The heat is
absorbed by the PV-PCM modules and is stored as
suppressed heat then the raise of temperature module is
prevented.

IV. CONCLUSION

Thus the model has been presented and analysed for the
thermal performance of the PV panel without PCM design
and with the model attached with phase change materials at
the rear side in aluminium panel and heat transfer due to
conduction from solid to solid materials like glass and
aluminium panel are noted. The heat transfers due to
convection from solid to liquid materials like PCM are also
noted with two different weather conditions. The radiations
of heat transfer were compared with time intervals and the
following has been analysed.

(i) The graph is plotted for the temperature variation of in
front surface to the aluminium plate and the time taken.
From this, the temperature is increasing in glass surface and
aluminium box. The ambient temperature based the solar
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radiation intensity is noted in the layers with time
respectively.

. (i) The graph is also plotted for the temperature variation
in front surface to aluminium includes PCM and the time is
shown in plot. This shows clearly that the temperature is
decreasing in the PCM Surface due to that PCM solid to
Liquid nature.

Thus it is proved that the presence of PCM increases the
efficiency of the solar PV system.
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