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An increasing efficiency of the solar system can be improved by using hybrid
cooling mechanism. This paper presents the impact of hybrid cooling
mechanism on PV panel under indoor testing with varying solar intensity.
Thus, the fabrication of a solar simulator for indoor testing reacts as the
space solar radiation is described. The performance of PV panel which
attached to a hybrid cooling mechanism compared with PV panel without
cooling mechanism under variation of average solar radiation. Experimental
tests were carried out for various average solar radiations by varying the
number of lamps and/or the lamp-to-area distance. Without altering the
spectral distribution, the characteristic of current-voltage of PV panel was
analysed under average solar radiation which varied from 202 W/m? to 1003
W/m?. As the result, the PV panel with hybrid cooling system explored to
generate more power output with decreasing in PV panel temperature. About

Solar simulator 15.79 % increment of power output generated by PV panel with cooling at

Water-pump maximum average solar radiation. Furthermore, the PV panel temperature
also can be decreased about 10.28 % respectively. The combination of DC
fan and water pump as cooling mechanism plays an important role in
generating efficient power output from PV panel.
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1. INTRODUCTION

Solar energy is one of the most important sources of renewable energy become one of the most
desirable applications to reduce energy consumption [1]. PV panel is commonly known as one of the
promising compartments of solar energy technologies. It is a well-known fact that the electrical efficiency of
PV panel falls as the temperature of the photovoltaic cells arise. From the radiation falling onto a PV panel
only up to 20% of the incident solar energy is converted to electricity [2]. Basically, more heat energy will
produce compared to electrical energy with absorption of solar radiation. The existing heat energy leads
increasing temperature through PV panel. The efficient output energy of solar system generated at high solar
radiation with low temperature. Hence, cooling technology represented as a proposed method of keeping the
PV panel operated at low temperature.

PV panel suffers from a drop in efficiency with the rise in temperature due to heat energy generated.
The increase in operating PV temperature consequently decreasing the efficient conversion of electricity.
Thus, the effectiveness of a PV system can be produced by carrying heat away from the PV panel with cool
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down it. A lot of researchers have worked on some techniques, like air cooling and water cooling, are utilized
to cool the PV panel to maintain lower operating temperature. In a number of studies, water being the most
favourite as working fluid used among researcher to cool down PV panel [3-6]. There is a higher potential for
heat production than electricity from a given surface of a PV module. By water flow over the front side of PV
panel, it’s not only decreasing PV temperatures, instead reduced reflection loss and keeping the surface clean.
As regards air as the working fluid, many experimental studies used fan to cool down the backside of PV
module [7-8]. Cooling fan define as a force convection method will force cool air from outside flow through
PV panel to extract heat produced. The hot air distributed inside PV panel will cool down with existing high
density cool air from outside. Therefore, in this experimental study, the combination of water-air (fan) are
produced to cool down back and front side of PV panel.

The performance of PV panel varies with environmental atmospheric, especially with solar radiation
and ambient temperature [9-11]. To explore in details the effect of hybrid cooling system on PV panel, an
indoor testing using a solar simulator shall be used to obtain a steady state performance of a PV panel. The
development of solar simulator enables to carry out experimental testing PV panel without the exposure to
the outdoor weather fluctuations. Besides, test experimental also can be carried out at any chosen time and
the surrounding environment can be controlled practically with existing simulator. Solar simulator is an
integral part of any laboratory involved light as a source to simulates solar radiation. The operation of the
solar simulator mainly depends on the suitable light source to simulate sunlight intensity. Variation lamps
have been proposed such as a metal halide arc lamp, xenon arc lamp, mercury xenon lamp, and light-emitting
diode lamp (LED).

M. Shatat et al. developed a novel solar simulator by using 400 W of halogen lamps. 30 units of
halogen lamps are represented to cover a gross area of 2.32 m“. Various levels of solar intensity started from
245 W/m? to 850 W/m? was carried out by the authors in order to analyse the performance of an evacuated
solar collector [12]. LED lamps have been used as light sources in developed small solar simulator for solar
cell measurements [13]. In this paper, about 3% of the unevenness has been found in testing small areas of
100 x 100 mm? of photovoltaic cells. S. Agrawal et al. S. Agrawal et al. evaluated the performance of micro-
channel solar cell thermal (MCSCT) in terms of electrical efficiency, thermal gain and overall thermal energy
in indoor conditions. About 28 units of 500 W tungsten halogen lamps act as radiation sources in developing
solar simulator. The intensity of radiation has been varied between 300 W/m? to 1000 W/m? by decreasing
gap between of halogen lamps and platform [14]. M.G. Guvench et al. carried out I-V measurements for solar
testing. The optimal operational points for maximum electrical output were determined under solar simulator.
A solar simulator has been developed by combining metal-halide and quartz halogen as light sources [15].
Under indoor testing, Irwan et al. developed a solar simulator due to analyse the performance of PV panels
with or without cooling mechanism. An experimental conducted under four sets of uniformity of solar
radiation which are 413, 620, 821 and 1016 W/m?. The results observed that there is decrease in temperature
with 2-3 °C when using the air cooling mechanism. Reducing in temperature causes the increament in power
output with the range of 6-14% respectively [16].

In this present study, a solar simulator has been developed due to investigate the impact of hybrid
cooling system on PV panel. The hybrid cooling mechanism consists of water spraying over the front side
surface where two units DC fan used to extract heat produced at the backside the PV panel. About 20 units of
500 W halogen lamps used as light source in developed solar simulator. The main focus is on the comparison
of the PV panel with and without cooling mechanism under some selected of average solar intensity.

2. DEVELOPMENT OF HALOGEN LAMP ARRAY AS SOLAR SIMULATOR

A solar simulator is invaluable for a solar energy laboratory that closely simulate the sun’s spectra
with good uniformity. The main compartment of the solar simulator can be classified into two subsystems
which are light source and adjustment structure. Figure 1 (a) presents the schematic of the experimental setup
of the halogen lamp array as the purpose to distribute solar simulator. The fabricated solar simulator consists
of 20 units of halogen lamp with built in reflector. All halogen lamps are arranged in a 4 x 5 metrics for
uniform distribution of solar radiation for PV panels used. The halogen lamps are positioned in 4 rows which
consisting of 5 lamps each. The distance between the centers of each halogen lamp is approximately 32 cm.
Figure 1 (b) shows a metal support structure made of steel with a size of 183 cm by 183 cm by 183 cm is
used to hold all the halogen lamps. Metal steel is fabricated with a mechanism for up and down movement.
The maximum height of the simulator from the floor is 183 cm. The distance between the PV panel surface
and halogen lamp is 100 cm.

The physical dimension of halogen lamp used is illustrated as in Figure 1 (c). Table 1 describes the
specification of halogen lamp used in this study. The maximum electrical power consumed by each lamp is
500 W. The solar simulator has 20 units of halogen lamp each having 9660 Lumens and rated at 230 V and
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2.17 A. In addition, the lifespan of the lamps is 2000 hours with less expensive to purchase and have the
ability to operate at high temperatures. These lamps are widely used in the solar beam experiment (SBE) for
solar simulator applications because it provides a very stable and smooth spectral output [14].

‘ 183cm

Figure 1. (a) Layout of the Halogen Lamps Array, (b) Horizontal Adjusted Steel Metal
Structure, (c) Halogen Lamp

Table 1. Specification of Halogen Lamp

Parameter Operation
Model Philips
Wattage 500 W
Voltage 230V
Current 217 A
Lifetime 2000 hr

Illumination 9660 Lm

Size 250 x 183 mm x 103 mm

3. DEVELOPMENT OF HYBRID COOLING MECHANISM THROUGH PV PANEL

A hybrid cooling mechanism was installed to investigate the overall electrical performance of PV
panel. The cooling mechanism fabricated by combining DC fan and water as cooling mechanism. A
combination between both cooling mediums illustrated as shown in Figure 2. This cooling fabrication was
designed to observe how the cooling mechanism reduced the PV panel temperature, which has great
influence on the output performance PV panel during operation. Figure 2 (a) observed the water spraying
over the front surface of PV panel. The tube pipe is attached to the rear side of the PV panel and equipped
with an inlet/outlet port for the water flow. In addition, the required water for spraying is fed by the water
pump. Not only as the coolant, water has capability to reduce reflection loss as well as clean the surface of
PV panel. The inlet/outlet manifold of DC fan attached at the back side of PV panels is shown in Figure 2
(b). Two units of DC fan were installed together with zinc steel which also classified as heat transfer
material. Air flow from outside will flow through inside manifold then extract heat distributed throughout
outlet manifold as well as reduced the temperature.

(a) (b)

Figure 2. (a) Water spray over the front side of PV panel and (b) inlet/outlet manifold DC fans attached at the
back side of a PV panel
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4. METHODOLOGY AND TEST PROCEDURE

The experimental procedure conducted by comparing the overall performance through PV panel
without and with cooling mechanism. Figure 3 shows the overall test setup. Two units of 50 W
mococrystalline PV panel were tested together with a different set up. One of the PV panels is attached to a
hybrid cooling mechanism instead the other one act as a PV reference panel. The overall electrical
performance, such as current, voltage and power output were measured using PROVA 200 solar panel
analyzer for both PV panels. TES solar power meter manufactured by TES Electrical Electronic Corp was
used to measure the solar radiation of the solar simulator at the test surface. The radiation was measured 10
times at the same height of metal steel structure to produce the average measurement. Five sets of average
solar radiation were measured at different height as 202 W/m?, 408 W/m?, 616 W/m?, 805 W/m? and 1003
W/m?. In purpose to observe the temperature distribution due to various solar radiations, each PV panel was
attached with four units of thermocouple-K at the backside their surface.

Figure 3. The Overall Experimental Setup

5. RESULTS AND DISCUSSIONS

In an experiment conducted, all data have been collected and recorded at different solar intensity for
comparative evaluation for both PV panel. The performance of both PV panels was compared based on their
temperature distribution and electrical output power.

5.1. Solar Radiation Versus Horizontal Height of Halogen Lamp Array

Various solar intensity will be produced due to analyze the impact off cooling mechanism. The level
of solar radiation adjusted by decreasing/increasing the number of a halogen lamp. Few lamps will be
switched on, while others are switched off in order to achieve a required point of solar radiation. Other, the
variation solar radiation also can be produced by adjusting the height of the metal steel support structure. The
metal steel structure is independently horizontally adjusted. Table 2 presents five sets average of solar
radiation were measured. Continuous observations simplified that the solar simulator took 10-20 minutes to
reach a constant intensity for every level radiation adjusted. The maximum average solar radiation found at
height metal steel structure of 68.11 cm with 1003 W/m? solar radiation. By further increasing the gap
between halogen lamp array and PV panel surface from 84.31 cm to 94 cm, 120.32 cm and 139.98 cm, the
average solar radiation decreased to 805 W/m?, 616 W/m?, 408 W/m?, and 202 W/m? respectively.

Table 2. Distance between Halogen Lamp Array and PV Panel Surface
Average solar radiation ~ Distance between halogen lamp
array and PV panel surface

202 W/m? 139.98 cm
408 W/m? 120.32 cm
611 W/m? 94.00 cm
805 W/m? 84.31cm
1003 W/m? 68.11 cm

5.2. Temperature Distribution through PV Panels

PV panel temperature is a parameter that has great influence in assessing the long term performance
of PV panels, as it modifies system efficiency and output energy. When exposed to the sun, the PV panel
temperature is normally greater than the ambient temperature. The ambient temperature normally affected by
the potential of solar radiation as shown in the Figure 4. In this figure, it describes a high solar radiation will
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produce a high ambient temperature. The average maximum ambient temperature distributed at 1003 W/m?
solar radiation with 40.54 °C. Whereas the average minimum ambient temperature with average of solar
radiation at 202 W/m? with 32.4 °C. As known, the temperature of PV panel does not keep constant during
experimental. It keeps changing depending on the intensity of solar radiation. With existing of solar
simulator, the impact of solar radiation on ambient temperature can be discussed. Ike and C.U indicated that
the maximum values of high ambient temperature due to experience in high solar radiation [17].
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Figure 4. Ambient Temperature Versus Solar Radiation

Figure 5 presents the comparative temperature distribution between PV panel without and with
cooling system under various average of solar radiation. As shown in this figure, by using a hybrid cooling
mechanism, a remarkable decrease PV panel temperature was found. By applying hybrid cooling mechanism
to the PV panel, the operating temperature decreased about 11.03% at average solar radiation of 202 W/m?.
Instead, at same average solar radiation, the operating temperature without applying cooling system keeps in
high temperature. High temperature will produce heat energy through PV panel. Moreover, when the average
solar radiation increased to 408 W/m? 616 W/m? 805 W/m? and even 1003 W/m?, the average operating
temperature without applying cooling mechanism increased to 46.39 °C, 50.55 °C, 52.15 °C and 56.11 °C
respectively. But when the hybrid cooling mechanism applied to the PV panel, the average operating
temperature observed to be decrease with 4.07 °C, 5.58 °C, 5.02 °C and 5.77 °C respectively, at same average
solar radiation. The results imply hybrid cooling system have ability as a coolant of PV panel. W. Z. Leow et
al. proved that the PV panel temperature can be decreased by applying DC hybrid cooling mechanism on the
same type of PV panel through outdoor experimental [18].
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Figure 5. PV Panel Temperature with and Without Hybrid Cooling Mechanism
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5.3. Electrical Output Performance

Figure 6 shows the current obtained from both PV panels during experimental were changed in
parallel with solar radiation. As the solar radiation increased, PV panel current increased as well. As shown
in a figure, without cooling mechanism, the average current output increase with increases of average solar
radiation. The minimum current output found at 202 W/m? of solar radiation with 1.4 A while the maximum
is at 1003 W/m? with 2.49 A respectively. The results were identified the current output when using a cooling
mechanism not too much differ compared to without cooling mechanism at same average radiation. The
current output only slightly increased when using hybrid cooling mechanism. For instance, at average solar
radiation of 805 W/m? only 5% increase in current when using cooling mechanism. It is because the
performance of current is not too sensitive to operating temperature. The current output is directly related to
the number of photons absorbed by the semiconductor material and thus proportional to solar intensity. With
the increase in the incident solar radiation more number of photons will be available to move electrons from
balance band to the conduction band resulting in production of more current [19].
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Figure 6. Current Output of PV Panel with and Without Hybrid Cooling Mechanism

The impact hybrid cooling mechanism on voltage output of a PV panel compared with no cooling
was observed as shown in Figure 7. Results indicated the average voltage output experiences in decrement
value when solar radiation increase. The PV panel voltage is affects most of all of the panel temperature. It
decreases with decreasing band gap caused by the increasing in dark current [20]. With an existing hybrid
cooling mechanism, the voltage can be increased with a reduction in PV panel temperature as discussed
before. By referring to the figure, the average voltage output observed to be increased when using hybrid
cooling mechanism. About 6.51% increase in voltage output found at 202 W/m? of solar radiation when
hybrid cooling mechanism was applied. By further increasing in average solar radiation, the voltage output
observed to be inreased as well. For 408 W/m?, 616 W/m?® 805 W/m? and 202 W/m?® of average solar
radiation, the output voltage increase about 7.94%, 9.01%, 10.97% and 12.76% by using hybrid cooling
mechanism. Increases in voltage output resulted caused by decrement in PV panel temperature. By referring
to the all datasheets produced by PV panel manufacturer, almost all voltage output have negative coefficient
in rising temperature. Thereby, hybrid cooling seem to be an efficient method to reduce the PV panel
temperature as well as increased the voltage output.

Cooling the PV panel has been performed to determine the influence of reduced temperature under
various average solar radiations. Figure 8 presents the power output generated by both PV panel s at 202
W/m?, 408 W/m?, 616 W/m?, 805 W/m? and 1003 W/m? of average solar radiation. Without applying cooling
mechanism to the PV panel, only 23.14 W of power output can be produced at 202 W/m? of average solar
radiation. But when attached the hybrid cooling system, the power output increased to 26.94 W. The figure
observed the power output of PV panel increase with increases in average solar radiation. The maximum
output power found at 1003 W/m? solar radiation with 47.08 W. But more output power can be generated by
applying hybrid cooling mechanism. The power output increased about 13.83%, 12.07%, 15.86% and
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15.79% at 408 W/m?, 616 W/m? 805 W/m? and 1003 W/m? of average solar radiation. It is clear from the
figure that the reduction operating temperature by applying the cooling mechanism the efficient power output
of PV panel.
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Figure 7. Voltage Output of PV Panel with and Without Figure 8. Power Output of PV Panel with and
Hybrid Cooling Mechanism Without Hybrid Cooling Mechanism

6. CONCLUSION

A solar simulator using a halogen lamp array as light sources has been tested successfully. The
purpose of the existing solar simulator is to analyze the performance of PV panel with and without a hybrid
cooling mechanism under steady state condition (indoor testing). Impact of hybrid cooling mechanism
observed as reliable method when PV panel exposed to high solar radiation. Solar radiation is one of
environmental factor that have an important role in generating a power output of PV panel as well as ambient
temperature. By referring from the result produced, high solar radiation with high ambient temperature leads
to increase in PV panel temperature. Increment in PV panel temperature leads to a negative impact on
performance PV panel. With existing of hybrid cooling mechanism, the PV panel temperature will be
decreased, then increased the power output generated.
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