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Abstract

The Renewable energy especially photovoltaic panels (PV) are very important issue to produce the electricity
at MENA region (The Middle East and North Africa). A continouse high performance for electrical output helps
the outback area for home lighting or heating in winter season. Therefore, to improve a fixed photovoltaic
performance by using different pipes cooling techniques (serpentine, & pancake shapes) attached on the backside
of PV module. The paper reported the electrical performance (electrical output power) of a photovoltaic module
by using water as a cooling fluid. Besides that, the thermal behavior analysis introduced by the difference in
temperatures of cooling water and the module temperature. The thermal results exposed that, for the PV module
temperature with serpentine and pancake cooling pipes decreased about 11.6 % and 16.59 % compared with (STC)
Standard Temperature Condition (PV without cooling). In addition, the difference in water temperature increased
about 3.8 % and 5.8 % for two different forms. That leads to enhancement in the module daily output power up to
8.9 % by using the pancake compared with serpentine cooling shape.

Keywords : Photovoltaic/Thermal (PV/T) Hybrid Sysetm; Cooling systems; Mat-lab; Solidworks.

higher output power rather than other renewable
energy systems [3].

1. Introduction The photovoltaic efficiency is affected by the
temperature status, if the photovoltaic panel

The significance of a photovoltaic module temperature increases, the efficiency decrease.
appears in the countries has a long time Sun appear Jailany et al. [4] provided comparison for an
period (hrs/day) [1], it absorbs the solar irradiance experimental work using a fixed PV system forced
and convert it into electricity that can be used in by air and water as cooling fluids. The results show
many applications [2], the photovoltaic has a lot of increased in the electrical efficiency of a
benefits it is environmental friend, without pollution photovoltaic panel by using water about 9.89%,
while operating, low cost and maintenance needed, decreasing the photovoltaic temperature by 22.77%.
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Navid et al. [5] intrduced a dual PV/T system
producing both heat and electricity using backside
heat exchanger to cool the PV panel, the results show
decreasing in PV module temperature by 20% which
increase the output power about 12%. Afroza Nahar
[6] presented a computitional study for a 3D model
using numerical analysis (Comsol Multiphysics) to
study the PV performance by using a pancake shape
pipe contact to the PV backside with thermal paste,
the results show the PV module temperature
decreased about 8°C compared with the system
without cooling and the PV electrical efficiency
increased by 2% with different inlet velocity from
0.0009 to 0.05 m/s.

A. Bayoumi [7] produced a numerical model
using finite element method to compare the PV
system by using different cooling shapes, materials
and pipes’ diameter, the result showed the best
material was a copper due to it most suitable thermal
conductivity, ¥ inch pipe’s diameter had the
maximum output power, serpentine pipe shape was
the most efficient heat transfer.

In this work, a comparision between an attached
backside pipes prevouis shape (serpentine shape) and
a new shape (pancake shape) are presented for
cooling PV modules by using water as a cooling
fluid. The purposed in experimntal work is a
capablity of enhance the PV module electrical output
power performance. The results of three PV systems
(without cooling and with cooling by two forms of
shapes) will prove the effectiveness of the best shape.

2. PV/T SETUP DESCRIPTION

The three fixed PV modules made of a poly-
crystalline are shown in Figure 1. The engineering
drawing was done by solid-works. The setup has
been done to test three photovoltaic panels fixed
systems with one PV without cooling STC (Standard
Temperature Condition) and two different cooling
shapes serpentine shape, and pancake shape.

FIGURE 1: The PV module, and Three fixed PV poly-
crystalline system produced by Solid-works.

A Poly-crystline PV panel with the maximum
output power of a single module is 50 watts as shown
in Table 1. The system is fixed at 30 degree
inclination angle towards south to the equator to
receive the maximum irradiance all over the year in
Egypt [8, 9]. Square cross section structure steel is
used to fabricate the required frame as shown in
Figure 2.

Table 1: PV Specifications

Parameters Specifications
Model MTM-CHINA
Dimensions 670 X540 X 25 mm
Pmax 50 Watts

Vimax 18 Volts

Imax 2.86 A

Voc 21.6 Volts

Isc 3.17A

Toperating cell Temperature 25°C

FIGURE 2: General view for the implemented
system.

Various shapes of the pipes are bonded by thermal
paste (Type: ARCTIC MX-5 Extremely High
Thermal Conductivity) on the copper plate with the
same area of PV panel with a thickness of 0.001 m.
The chosen area of the copper plate is cantered at the
back of the PV module, since this provides the
highest cooling surface area [10]. The copper plate
bonded under the PV panel allows the fluids moving
inside the pipes to decrease the module temperature.
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Figure 3 shows all suggested shapes have a
dimension of 0.011 m and 0.012 m for inner and
outer diameters, respectively. Figure 3a shows the
first backside water pipe structure, serpentine shape,
with length 8.1 m. Figure 3b shows the second type,
pancake shape, with length 6.18 m. All shapes were
fabricated with a circular entrance and inlet with
same average velocity of 0.04 m/s to reach
approximately an almost equal pressure drop and
flow distribution [5, 11].

(a) (b)

FIGURE 3: A general view for experimental setup.

The three modules in the experimental work were
working simultaneously, whereas two tanks and
pumps where attached to each module with backside
pipes for water cycle. The sensors used to collect the
data from PV/T system are infrared thermometer
(IR) to measure the surface temperature of the PV
module at different five points to calculate the
average temperature of the panel, also a two analog
thermometer used to measure the inlet and the output
temperatures for the fluid cooling used. The pump
used to circulate the water a (DC source 12V with 0.4
A) maximum (4.8 Watt) and the flow range (1 to 18
L/min).

This pump is used especially for the PV modules
(take the source from PV panel) to decrease the
power consumption. The pump intake the water from
a cylindrical vertical (12.5-liters) water tank with
internal dimension (200 mm diameter x 400 mm
height) is fabricated and insulated to store the cooling
fluid. The output power electric circuit consists of
resistors with different ranges, connected to the
voltmeters which measure the PV output power
values, and solar meter is used to measure the solar
irradiance as shown in Figure 4. The period to collect
the experimental data in August 2021 from 6:00 am
to 6:00 pm [12, 13, 14].

FIGURE 4: A general view for experimental setup
consists of: (1) Water tank, (2) DC pump, (3) Ball valve,
(4) water flowmeter, (5) A polycrystalline solar panel, (6)
I-V analyzer, (7) Laptop, (8) Solar meter, (T1), (T2), (T3),

(T4), and (Ts) infrared thermometer (IR) to measure the
surface temperature of the PV module at different five
points to calculate the average temperature of the panel.

3. THEORETICAL WORK

In order to prove the laminar of fluid inside the
pipes, the Reynolds number is found 1250 for two
different shapes. The liquid flow take the time
needed to absorb heat from the PV panel. Therefore,
flow rate inside the pipes for all shapes is chosen to
be 1.2 L/min to decrease the total temperature of the
PV module and the power consumption of the
system. Reynolds number was calculated for
different shapes by equation (1) as follow [15]:

Vavg D

R, = (1)

v

Where: v,,,4 is the average velocity inside the
channel (m/s), D is the channel dimeter (m), and v
is .Kinematic viscosity of fluid (m?/s).

The pressure drop was calculated using the
Darcy—Weisbach equations [16] and were found to
be 198.7, and 259.2 Pa, respectively. As shown in
equation (2):

AP

T =0

3 Vavg )2
2 D

2

Where: AP is the measured pressure drop (Pa), Fp is
Darcy Friction factor, p is the fluid density (kg/m?),
and L is the pipe length (m).

In order to extract the heat by coolant water, the
removed heat was measured equation (3) to calculate
the temperature difference of water AT as follow
[16]:

Q= mCpAT 3)

Where: Q. is removable heat (Watt), m. is mass flow
rate (Kg/s), and AT is the temperature difference
between inlet and outlet fluid (K).

The waves of sun irradiance are increased the
Silicon PV panel. This hot body (PV module) passes
on its heat to the copper plate and pipes (external and
internal) by conduction. At last the cooling liquid
(water) are heated by convection. The overall heat
transfer coefficient for the amount of heat gained to
the PV is figured by equation (4), (5), and (6) [17]:
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Where mass flow rate is calculated by equation (7)
[18]:

m = P Vgyg T[Diz/4 (7)

For electrical modelling, PV module efficiency
npy IS calculated by dividing the output electrical
power (at maximum power output) by the total input
power under AM1.5G standard [7]. The short current
is calculated by equation (8) [19]:

QIV+IRg)
I=lo— Iy (55 —1)-

Iy (e +1R/ZKT _ 1) — (ﬂ) (8)

Bsy

Where: I is the short circuit current (A), 1y, is
the dark saturation Current (A), q is The electron
charge (1.6x10° Coulomb), V is Voltage (Volt), I is
the current (A), R, is the series resistance (ohm), K
is Boltzmann constant (1.38 x 10723m?.
kg.s72.K™1), T is the temperature (K), Ip, is
Reactive current (A), and Rgy is the shunt resistance
(ohm).

The open circuit voltage is given by equation (9)
as follow [20]:

Voo =n Zin[RY 4 1) 9)
q o1

Where: V,. is the open circuit voltage (V), n is
Ideality Factor, and g is the electron charge (1.6 x 10
19 C).

The solar cell efficiency can be represented as a
variation in the solar output electrical power, the
module surface area, and solar irradiance shown in
equation (10) [21].

Pout VoclscFF
NMpv = =

Pin Qrad A (10)

Where: npy is PV efficiency (%), Pout is the
maximum power output (Watt), Pin is the total
optical input power (Watt), FF is Fill factor (%), grad
is the irradiance energy (W/m2), and A the total
surface area (m2).

4. RESULTS AND DISCUSSION

In order to enhance the current and voltage of the
PV modules, water passed underlying pipes. The
investigation of the output power depends on specific
parameters like the quantity of sunlight falling on the
surface of PV modules, the location of setup [22],
etc. but the most important parameters are the
cooling water flow rate [6, 23] and the module
operating temperature [24, 25].

Despite of the area of cooling technique
increasing the system performance, the enhancement
of the output power was not acceptable. The increase
of flow rate is another parameter that affects the PV
module performance. Figure 5 shows the effect of
diversified flow rates for two different structures.
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FIGURE 5: A comparison between power versus
different flow rates for different shapes of pipes.

Power (Watt)

The change of flow rates measured at a specific
time of 12:00 PM (Higher irradiance point at setup
location), the output power was enhanced up to 26
Watt and 36 Watt for 1.2 L/min flow rate of the
serpentine shape and pancake respectively. The
increase of the output power for all shapes after 1.2
L/min was about the range of 1 to 2 Watt, on the other
hand, this increased power consumption for the
pumping system about 2.2 Watt. Therefore, the best
flow rate was found to be 1.2 L/min in order to avoid
any losses in the output power of PV/T system.
Besides that, the increase of flow rate affected on the
PV module performance that the flow inside the
pipes changed to be turbulent flow and fluid inside
the pipes have no time to reject utmost heat from the
modules. The water was laminar flow and the heat
extracted was the same, that lead to the power output
generated from the PV was the same output.

Figure 6 shows the solar irradiance ranges from
200 W/m? to 1150 W/m? in the area of
experimentation at 101" of Ramadan city, Egypt (30°
29°E 31° 74°N) [14] and the readings collected every
30 minutes.
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FIGURE 6: Experimental readings of sun irradiance
curve during day time.

Figure 7 represents the decrease of PV
temperature due to different cooling techniques
verses day time. Two different cooling shapes
(serpentine shape, and pancake shape) are compared
with standers temperature condition (STC), when the
sun irradiance reached 1136 w/m2 at 12 pm, The
STC temperature increased to 58.22 °C, the
serpentine shape temperature run to 52.06 °C, and the
pancake shape temperatue enhanced to 48.56°C. the
three curves show that the pancake pipes better than
STC by the temperature difference about 9.66° C.

The decrease in the PV temperature around 16.59
%, and accordingly it better than serepentine shape
by the temperature difference almost 3.5 °C, The
decreese in PV temperature nearly 6.72%. this graph
proof that the pancake investegated the PV module
temperature due to it has the largest area of cooling
with the same PV module dimensions.

Tavg versus Time

- 4”{“? B

10 12 14 16 18
Time (hrs)

FIGURE 7: the comparison between modules
temperatures verses day time (without cooling, serpentine
shape, and pancake shape).

Figure 8 shows the comparison between the
differance between the inlet and outlet water
temperatures verses day time (serpentine shape, and
pancake shape), in the same day to collect the results,
the serepentine shape increased the temperature
difference between inlet and outlet water nearly 3.8
°C, while the pancake boosted this increase in the
temperature difference around 5.6 °C, so the pancake
increased the water output temperature than the
serepentine shape about 1.8 °C.This goes back to that
the pancake shape has largest heat transfere area,
then that lead to increase in the electrical
performance of PV modules.
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FIGURE 8: the comparison between the differance
between the inlet and outlet water temperatures verses
day time (serpentine shape, and pancake shape).

Figure 9 shows the comparison between the
output power verses day time curves for STC,
serpentine shape, and pancake shape on the same day
to collect the results, STC has the output power about
36.21 Watt, the serepentine shape has the output
power around 39.64 Watt, and the pancake
investegate the output power to 44.8 Watt, so the best
cooling shape which increases the PV output power
is the pancake. it enhanced the output power nearly
17.35% more than the serepentine shape that reached
to 8.5%.

Power versus Time
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| l=-without shape

Power (watt)
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FIGURE 9: the comparison between the output power
verses day time (without cooling, serpentine shape, and
pancake shape).

5. CONCLUSION

This study demonstrates the effect of an active
cooling system with water a as a cooling fluid. Two
different shapes of pipes (serpentine and pancake)
were presented with the insertion of a structured
targeting maximum thermal heat transfer and output
power of the PV/T system. The main conclusions are
summarized as follow:

e The results showed that the module
temperature with serpentine and pancake
shapes decreased about 11.6% and 16.59%
compared with STC conditions.




Engineering Research Journal (ERJ)

Ahmed Saeed Abdelmonem et al

Vol. 51, No. 4 October. 2022, pp.1-7

[1]

[2]

[3]

[4]

[5]

[6]

[7]

The investegation in the differance between
input and output water temperatures show
the increasing around 5.6 °C for pancake
shape compared with the serpentine shape
of pipes 3.8 °C.

This increase reflects on the maximum
output power which reaches to 39.64 Watt
for serpentine shape and 44.8 Watt for a
pancake shape.

The collected data and the results show that,
the pancake shape is the best PV/T system
performance compared with the PV/T
system using serpentine shape as a cooling

pipes.
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