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Abstract

The efficiency of the solar PV panel decreases significantly as the PV
panel’s operating temperature increases. There are many cooling
techniques might be suitably deal with this problem to enhance the solar
panel efficiency. The presented cooling technique used for solving the PV
panel’s temperature elevation is an active close loop cooling system,
accomplished using two water glazing chambers made from acrylic glass
placed at the PV panel surfaces (rear and front). These champers ate
utilized for cooling down the PV cell’s temperature, as well as filtering the
useful sunlight spectrum. The results show that the PV cell’s temperature
reduction by 50.06% with using the cooling system, this leads to an average
increase in the maximum output power and consequently electrical
efficiency of the PV panel by about 12.69% and 14.2%, respectively.
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Nomenclature v Fluid velocity ~ (m/s)

Ac  Cross-sectional area for inlet fluid (m?) Vinp Maximum voltage (V)

As  Total surface area for heat transfer (m?) Ve Open circuit voltage (V)

c Cross sectional width(m) Vour Light sensor output voltage (V)

¢,  Specific heat (J/kg k) Nue PV panel electrical efficiency %

d Cross sectional high (m) ® Dyt}amic YiSCOSitY (kg/m s)

Dy, Hydraulic diameter (m) 0 Fluid density (Kg/m?)

h  Convection heat-transfer coeff. (W/m2K)

m*  Mass flow rate (Kg/s) 1-Introduction:

Nu  Nusselt number Solar energy is the available renewable energy
Pn  Maximum Power (W) source. This energy is clean and easily available. The

P;  Prandtl number solar technologies employ the sun to provide heat,
dc Convection heat transfer (W) light, electricity, etc. for domestic and industrial
Re Reynolds number applications. The use of solar energy reduces the
Te Fluid exit temperature (K) harmful environmental effects resulting from burning
T, Fluid inlet temperature (K) of fuel used in power generation plants, as well as
Tm Fluid (or bulk) temperature (K) house gases and other air impurity emissions. One of
T Surface temperature (K) the techniques that invest this energy is the
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Photovoltaic (PV) cells. At present, scientists consider
that PV technology is the most realistic tool to offset
the growing energy requirements of the future. PV
solar cells turn sunlight directly into electricity which
lead to increase the demand for solar cells. Almost,
more than 80% of the energy is got from fossil fuels
[1].

The PV cells are receiving about 80% of the solar
irradiance falling on their surface, but only a little part
of the incident irradiance is harnessed for electrical
usage depending on the electrical efficiency of the PV
cells [2]. The rest of energy will be dissipated as a heat
causes an increment in the PV module temperature
which might reach 40°C above the ambient [3]. It is
found, for crystalline silicon PV cells that the electrical
output power drops by (0.2-0.5)% for each rise of 1°C
in the PV module temperature. Because the
temperature dependence on the open-circuit voltage
of the PV cell and the PV technology [4]. The P/V
characteristic represents the relation between the
electrical output power of the solar cells and the output
voltage at constant solar irradiance for certain module
temperature. The maximum power output of the solar
cells reduces when the cell temperature increases [5].
Therefore, it is necessary to keep the PV panel at lower
temperature as possible.

There are many researches are dealing with the PV
cooling systems. Krauter [6] suggested a cooling
method for the PV panel by reducing the sunlight
reflection via replacing the original front PV glass layer
of the PV panel with 1 mm thin layer attached directly
the front surface of the panel cells. The study achieved
a net-gain of electrical power of 8-9%. Abdolzadeh
and Ameri [7] investigated the performance of the
water pumping system needed to cool the PV module
by using water sprayer technique over the front surface
of the PV panel. The result showed that the PV cell
efficiency was increased by 3.26%. Hosseini et al. [8]
carried out a cooling technique consisting of a water
thin film passing over the top of the PV panel’s surface
using water sprayer technique. This technique lead to
improve the peak output efficiency by 26%. Teo et al.
[9] implemented an active cooling system for cooling
the PV module. Ducts arranged in parallel with inlet
and outlet channels were designed to create a uniform
distribution of air flow. The results showed that the
module temperature attained up to 680C resulting a
drop in the electrical efficiency by 8.6%. Bahaidarah et
al. [10] studied the PV panel’s performance using a
heat exchanger as a coolant device touching the rear
surface of the PV module as a cooling tool. The result
showed that the PV module temperature was
significantly dropped to 20%, leading to increase the
efficiency by 9%. Colt [11] enhanced the performance
of a PV panel by using an active water-cooling
technique as a radiator mounted on the rear surface of
the PV panel. The module temperature reduced
significantly by about 32% with range of (50-340C).
This leads to raise the electrical panel efficiency by
57% ranged with (7-11W). Ali [12] enhanced the PV
panel performance by designing and implementing a
cooling system based on water flow double glazing
(WEFDG) cooling technique for cooling the front
surface of the PV module’s panel in close loop cooling
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system, where the water passing through a heat
exchanger burred underground to cool the water.
Taguchi method was used work as an optimization
way to estimate the better water mass flow rate and
thickness necessary to design the (WFDG) cooling
system. The average reduction of the PV temperature
resulting from the cooling system was 35% causing an
average increase of the electrical efficiency by (16%).
Abu-Rahmeh[13]  presented an  experimental
investigation of the efficiency of a photovoltaic
module using three different cooling methods. The
first and second method is the PV modules are cooled
using water and a nanofluid, respectively, flowing
inside copper tubes. The third method used was the
PV module is cooled by using 24 vertical Aluminum
rectangular fins. It was concluded that the electricity
yield of the PV module cooled by 0.04% wt TiO2
nanofluid, water and fins compared with uncooled PV
was higher by 5.37%, 2.62% and 1.34%, respectively.
Satpute and Rajan [14] reviewed a various cooling
technique used to enhance cooling and electrical
performance. The study was focus on the operating
parameters like absorber configuration, flow pattern,
flow rates, climatic conditions, radiation intensity,
wind speed, thermal conductivity, and glazing,
concentration on the electrical and thermal
characteristics. The results show that the Performance
of PVT system mainly depends on the variables like
incident solar radiation, wind speed, ambient
temperature, geometry of collector and heat transfer
fluid.

The present study aims to improve the cooling
technique by cooling the rear and front sides of the PV
panel surfaces. As well as, the chambers’ layers that
touching the rear and front PV panel surfaces are
removed to make the water in direct contact with the
PV panel surfaces.

2-Water

Technique:
The Glazing, is usually known as double glazing or

Flow Glazing Chamber

(double-pane) and increasingly or triple glass window
panes that separated by vacuum or gas filled space to
decrease heat transfer through a section of a building
envelope. Recently, glazing windows are widely used
in the advanced building facades that use day lighting,
ventilation systems, sun control, and dynamic systems
[15].

windows is not invested in such designs, even where

The incoming solar energy falling on these

the glazing is electrochromic. In order to overcome
this problem, a Water Flow Glazing (WFG) system
had been proposed by Chow [16]. The WFG systems
were used in buildings to reduce the space cooling
load, at the same time, utilize the solar radiation as an
energy source. The most interesting application of the
WFG systems is their use in exteriors such as facades,
skylights, curtain walls, and rooftops. The special
characteristics of this system can be fully invested, in
order to reduce the energy consumption. Because of
those advantages, the WEFG technique was invested by
[12] for cooling the solar PV module. In the present
work, some suitable modifications are accomplished to
make more enhancement on the PV module efficiency
where the WEFG is built on the PV panel surfaces with



NJES 22(1)22-30, 2019
Mohammed et al.

only five surfaces where the sixth lower layer facing the
PV panel surface is removed to make direct contact
(no barrier) between the chamber water and the PV
surfaces and the water is confined through them. This
modification on the WFG is very useful to increase the
cooling performance of the PV module.

3. Mathematical Modeling of the Cooling
Chamber:

According to the technology used for cooling the
solar PV panel cells, mathematical calculations will be
subjected to the internal forced convection heat
transfer laws.

The main law of convection heat transfer,
Newton’s law of cooling [17], is:

q= hAs(Tw - Tm) (1)

Here the heat-transfer rate is related to the overall
temperature difference between the wall and fluid and
the surface area AS.

The second low of energy balance [17] is:

q=m"Cy(T, — T,) 2

The first step is determining the Reynolds number
(R_e) to specify the type of flow either laminar or
turbulent, where the Reynolds number [17] is:

D
R =22t ©

Where (D_h) is the hydraulic diameter of the
cross-sectional area of the channel. In the presented
case, the water stream channel of cooling chamber is
square cross-sectional area, the equivalent diameter
should be determined. The hydraulic diameter of the

square cross-sectional area is given as [17]:
4Ac
= 4
™ 2(c+a) )

The velocity of the fluid v can be calculated as
[17):
m* = pvd, ©)

After determining the Reynolds number, the
Nusselt number should be calculated as [17]:

N, = 0.664R%>P" ()
Where, n = 0.4 for heated fluid.

The heat transfer coefficient (h) can be obtained

directly from the relation of Nusselt number [17]:
hDp
Ny ===~ )

Finally, the overall heat transfer rate can be
determined by substitution the heat transfer
coefficient in Eq. 1, also the difference in temperature
(T_w-T_m) can be substituted as it is, in which the
heat transfer case is constant heat flux.

4- Experimental Setup:
The proposed cooling system shown in Fig. 1 is
consisting from five main components that are:
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1- Two Water glazing chambers (WGCs), upper
and lower

2- Water tank and water pump motor

3- Heat exchanger

4- Temperature sensor

5- Inlet and outlet water flexible tubes.

The proposed cooling technique was implemented
by mounting two water glazing chamber units in direct
contact with both sides of the PV panel, the front and
rear surfaces. When the cold water passes through the
two chambers, it comes in touch with the panel
surfaces. The cooling chamber is made from acrylic
panes glass sheets of 2mm thick. The acrylic glass has
a coefficient of reflection less than most types of
ordinary glass, so it reflects less light. Less reflection
means more light might pass through it. It has 50%
weight less than ordinary glass. The total light
transmitted ~ through  the  acrylic  measured
experimentally and found reach to 98.86%.

The thermal design of water-cooling chambers was
investigated according to the equations of heat transfer
theory mentioned in Sec. 3. The water in those
chambers is flowing through the streamline with a
laminar flow. The shapes of the cooling chambers
depending on the thermal design are illustrate in Figs.
2 and 3. The figures show that the chamber has water
inlet and outlet channels such that the water entering
the chamber in narrow individual paths. Those paths
are separated by parallel acrylic barriers, across the PV
panel surface to ensure a uniform path of water stream
lines to give better heat extraction. The Arced shape
barriers shown on the panel ends are used in round of
the path to enhance the water flow in this area. The
rear surface cooling chamber is constructed to execute
just the cooling task, while the front surface cooling
chamber is constructed to execute two tasks,
simultaneously. Firstly, it works as an additional water-
cooling system. Secondly, works as an optical filter
based on absorbing the most IR radiation and filtering
out by water inside.

When the solar radiation falls on the optical filter,
IR component gets absorbed and filtered by the water,
and then falls on the crystalline PV cell. The remaining
UV and VIS light are transmitted and converted into
electricity by the PV solar cell as illustrated in Fig. 4,
when the water is completely transparent to VIS light
and near-UV. This arrangement also prevents the
excessive heating of the solar cells.

The thin water layer is circulated from the cooling
chamber to the heat exchanger through the water
pump motor, where the hot water exit from the
cooling chamber through its outlet flexible tube and
collected at the water tank. The water pump motor is
pumping the hot water from the water tank to the heat
exchanger device. The used heat exchanger acts as a
twisted tube buried by about (1m) underground where
the heat of the water coming from the water tank is
discharged throughout its surface to the cold soil. The
cooled water, then inlet to the cooling chamber
through their inlets flexible tubes for cooling the PV
panel.
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Figure (3): Front cooling system working as an optical filter

5- Results and Discussions:

The cooling chambers designed according to the
parameters results using Eqs. (1-7). The design
parameters atre (0.41cm layer thickness with 0.032Kg/s
mass flow rate for rear cooling chamber, and 0.5cm
thickness with 0.04 Kg/s mass flow rate for front
cooling chamber). The effective solar panel surface

area is 0.1806 m2. The solar PV panel system
specifications are listed in Table 1. The experimental
results during daytime of three days symmetrical in
climate conditions that 10th July, 2nd August and 17th
August in 2017 presented in Table 2, for three cases of
(front cooling chamber, rear cooling chamber and
both front and rear cooling chambers).

Table 1: PV panel and WFDG system specifications

Solar PV panel specifications WFDG system specification
Parameter Value Parameter | Value
Type Mono-Si Glazing chamber
Chambers front chamber (43%x42%0.5) cm
Rated max. power, P 20W dimensions rear chamber (43x42x0.41) cm
Operating voltage, Vip 17.6 V Material Actrylic glass
Operating current, Imp 1.14 A No. of sheets Two sheets
Open-circuit voltage, Voc 218V Sheet thickness 2mm
Short-circuit current, Isc 178 A Thermal 0.2 W/meC
conductivity
. . Weight of
0,
Electric efficiency, 7. 11 % Chambers 0.8 kg
Weight 2.5 kg Heat exchanger
. . Finned U tube air cooled
Dimensions (43%42x2.4) em Type without fan installation frame
No. of cells 36 Material Copper pipes
Standard Test Conditions, STC Aluminum foil Hydrophilic or bare
Air Mass AM1.5 Fines Flat
Cell Temperature, Tc 25°C Dimensions (25X25%8) cm
Solar Trradiance, Gs 1000 W/m2 Pipes external 1cm
diameter

Table 2: Specifications and accuracies of measurement devices

Ttems Model Ranges Accuracy

- DCV: 400m/4/40/400/1000V +0.5%

- ACV:4/40/400/750V +0.8%
.. . -DCA: 0.4m /4m/40m/400m/10A | £1.0-1.2%
Digital Multimeter veaT - ACA: 0.4m /4m/40m/400m/10A | +1.5-2%

- Temperature: -20 ~1000 °C 1%

- FREQ: 100Hz~30MH~ +0.5%

Digital thermometer DMo6802A Temperatures range: -50~1300 °C t1°C
Solar power meter | SPM-1116SD Irradiance range: (0-2000) W/m? +10W/m?

5.1 Front cooling chamber:

The distribution of solar irradiance during the
daytime is shown in Fig.5. The irradiance is ranged
between (540-901) W/m2. The sun rays will be
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absorbed by the acrylic sheet and other will pass across
the sheet for useful energy transformation. It can
notice that using the layer sheet for the front cooling
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chamber will not has significant impact on the
irradiance level.

Fig.6 present the ambient temperature and the
corresponding PV panel temperature distribution
during the daytime. The results show that the PV
temperature averagely reduce by 45.56 % with using
front cooling chamber as compared with reference
panel. Fig.7 show the PV panel output power
distribution during daytime. The maximum power
increment reaches to 15.95% takes at 2:00 PM. While,
the average power increment is 11.66%. Fig.8
illustrates the electrical efficiency of the solar panel.
The results show with using front cooling technique,
the maximum value of increment in the electrical
efficiency is 18.39% at 2:00 PM.

The results show a good agreement as compared
with the results of Ali [12], that use also the front
cooling technique. So, the modification proposed in
this work by adding the rear cooling technique.
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Figure (5): Solar irradiance distribution for two cases
(passed and direct) during daytime
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5.2 Rear cooling chamber:

The environment temperature measured was ranged
between (33-50) oC, while the PV panel surface
temperature between (50-78)oC at irradiance range of
(492-895) W/m2 as shown in Figs. 9 and 10. The
results show that the rear cooling technique causes a
reduction in the panel temperature averagely by
(40.12%). While Fig. 11 represent the maximum
output power distribution during daytime with using
rear cooling technique. The maximum power is being
limited at the time interval of (10:00 AM -3:00 PM).
The maximum power increment reaches to 14.48% at
1:00 PM. While the average power with and without
using rear cooling chamber is 12.47W and 13.64W
respectively. This leads to an average increment of
9.38%.

Fig. 12 show the effect of using rear cooling chamber
on the PV panel electrical efficiency behavior during
the daytime. The results show that with using rear
cooling technique, the maximum increment in the
efficiency is 14.52% at 1:00 PM as compared with that
of no cooling case. The average electrical efficiency of
the PV panel without and with using rear cooling
technique is 9.17% and 10%, respectively.
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and reference one during the daytime shown in Fig. 15.
The power values of the cooled PV panel is ranged
between (16.23-4.63)W, while they are between (14.01-
4.84)W for the reference panel. The maximum power
rarr——— increment when using cooling system is 16.62% with
7 —a—sithout cooling respect to the reference panel. The average increment
ol e is 12.69%. The increment in the power during time

B U 1 \ interval of (8:00 AM -5:00 PM) is 12.88%, while for
M iR SR the time interval (7:00 -8:00) AM and (5:00 -6:00) PM,

ts =l ‘\\ the increment is about 3%, this is due to the lower
1 i\ power gain caused by the lower irradiance and lower
i\ temperature difference between the two panel cases

? during these intervals. The electrical efficiency of the
cooled panel increases maximally by 19.12% at 2:00
\- PM and averagely by 14.204% over the reference

5 panel, as shown in Fig. 16.
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6. Conclusions:

The present work investigates the Performance
Enhancement of Photovoltaic Panel Using Double-
sides Water Glazing Chambers Cooling Technique.
The following concluding remarks could be drawn:

1. Using front water-cooling chamber executes; PV
panel cooling and filtering the sun's irradiance as well
as reducing its sunlight reflection falling on it.

2. The average reduction in the PV panel
temperature is 45.56 %, 40.12% and 50.06% with
using (front, rear, and both sides) cooling chambers
respectively.

3. With using the both sides cooling technique, the
PV average electrical power and the electrical
efficiency enhanced by 12.69% and 14.204%
respectively.
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