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Abstract: This paper experimentally presents water spraying technique to improve photovoltaic (PV) array efficiency and
enhance the net power saving. A forced-water spraying and cooling technique with constant flow rate of water on PV array
surface is designed and implemented. The decreasing rate in the panel surface temperature has a direct proportional relation
with PV efficiency. Simultaneously, the output hot water is very beneficial for houses, buildings etc., as water heating system,
specifically in the remote areas. The electrical performance of PV array was also studied. The cooling rate of panel surface for
5 min.= 4 in midday. The electrical performance of PV array also was studied. As a final point, the economical results were
achieved as result of the power saving increases 7w/degree at midday.
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1. Introduction
Performance of a solar-photovoltaic (PV) system not only
depends on its basic electrical characteristics; maximum
power, tolerance rated value %, maximum power voltage,
maximum power current, open-circuit voltage (Voc),
short-circuit current (Isc), maximum system voltage, but also
is negatively influenced by several obstacles such as ambient
temperature, relative humidity, dust storms and suspension in
air, shading, global solar radiation intensity, spectrum and
angle of irradiance [1, 2].
The operating temperature plays an essential role in the
PV energy conversion process. The electrical performance of
a PV module which involves both the electrical efficiency
and the power output depends linearly on the operating
temperature [3-5]. Temperature affects how electricity flows
through an electrical circuit by changing the speed at which
the electrons travel. This is due to an increase in resistance of
the circuit that results from an increase in temperature.
Likewise, resistance is decreased with decreasing
temperatures, i.e., the efficiency of photovoltaic cells
decreases as temperature increases. All previous
investigations agreed that the performance of PV panels
reduces with increasing temperatures [6-10]. Therefore, most
panels do not operating under ideal conditions due to
different weather conditions or real ones. Since PV panels are
more efficient at lower temperatures, PV systems have to

design with active and passive cooling. Cooling the PV
panels allows them to function at a higher efficiency and
produce more power. Panels can be cooled actively or
passively. An active system requires some external power
source to run. Many researchers have investigated and
proposed different techniques of active cooling, consisting of
forced air or water-cooling, to increase total energy output of
the PV modules [10].
In this study, to improve the electrical efficiency of solar
panels that operate in non-optimal conditions, an active water
cooling system has been built on top of PV array to spray
(pump) a cool water on front of the panel surface, to pull
away heat, keep the panel cool and keep the panel within
certain temperatures, i.e., within ambient temperature range.

2. Experimental Methodology
In this experimental study a PV-array cooled by a thin
continues film of water flowing on the front of the panels has
been considered. Cooling technique was utilized by ﬂowing
and spraying a ﬁlm of water on the PV-array front. Due to
the rapid ﬂow of the water there should be only a slight
increase in water temperature.
The main water source is divided to two sources for
homogenous work over the array that consists of twenty PV
panels which are connected in parallel to increase the electric
current flow. Moreover, the evaporating water should further
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decrease the panel surface temperature, so result in increased
power output, therefore, gaining better electrical efficiency
due to decreasing the reflection loss (refractive index of
water is 1.3, which is intermediate between glass, with 1.5,
and air, with 1.0) [10,11].
2.1. System Configuration
Figure (1) shows the cooling of PV system which built in
this study, at the Renewable Energy Research Center (RERC)
/University of Anbar Campus. PV system consists of five
units, connected in parallel with a capacity of each unit is 216
watt), therefore, the total capacity of the PV array is 1.080kw.
It is fixed at 33.33° south facing. The DC power produced
from the PV array is sent to the control system which
consists of five convertors of NAPS NS77 type, ten batteries
of 105Ah for each one, and one inverter of AJ sinewave type.
2.2. Measurements
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2014. The power of the pump for spraying and circulation of
water is 0.25 hp. For practical design, the power of water
pump should be less than the obtained gain of power from PV
due to using the spraying technique. The flow rate of water is
measured by an ULTRASONIC FLOMETER-TDS-100H
flow meter. The Solar irradiance was measured by a
Pyranometer at the same incident plane of the modules. Wind
speed was recorded by weather station at RERC which was
less than 1m/sec. Ambient temperature was measured in the
shade space. Two temperature sensors (Thermocouple Type K)
were installed on the front of the module surface (upper and
lower surface) and average surface temperature was calculated.
The temperatures of water inlet and water outlet, were also
measured to calculate the temperature difference
(∆Tw=heating rate). Current and voltage were measured by
NAPS type millimeter with accuracy of 1 mA and 1 mV
respectively. The water collected at the bottom of the panel
passes through plastic tube used as a heat exchanger with
environment and produces a constant low water temperature.
Therefore when the water is return back to the feeding tube it
would be at a desired temperature level to flow on the panel
surface. Pumping system and the heat exchanger which are
used in the combined system are shown in Fig. 1. Humidity
was measured during the testing time and it was between 20%
to 30%. The power output from each of the PV array was
recorded every 25 min, and after that the spraying system is
done for 5 minutes with recording the output power. More
than one reading is taken at the same time in order to get
smoothing curves, and this is due to difficulties in getting such
smooth curves due to fluctuation in solar irradiance at the
experimental site. The testing was done at clear day in order to
get a maximum sun radiation with highest temperature on the
PV surfaces.

3. Results and Discussion
3.1. Measurements on 15th of April 2014
1-Plastic tube (Reservoir)
2-Measurment devices
3-Water Sprayer Part
4-Pumping system and Flow Meter

5- Measurement devices
6-Control valve
7-Spraying view

Figure 1. Cooling of PV system which built in this study
Table 1. Technical Specifications of PV modules
Parameter
Vmax (Volt)
Imax (Ampere)
Voc (Volt)
Isc (Ampere)
Pout (Watt)/ panel
Rated capacity of each PV array (Watt)(parallel)
Total installed capacity (Watt)
Dimensions of PV array
Area required for the installation of five PV unit
PV model

Values
17.4
3.11
21.7
3.31
54
54*4 = 216
216*5=1080
1.5 m * 7.4 m *1.6m
11.1 m2
Kyocera 54 W

The measurements were recorded during a clear day at the
RERC in Ramadi city on the 15th of April 2014 and 1st of July

Figure (2) shows the total system power, solar irradiance,
and the average surface temperature for PV system. From
this figure, the solar irradiance increases from 9:30am to
12:25pm, where it has a maximum value at 12:25pm is
1055w/m2, this high value of solar irradiance causes the
output power of PV system to be 1135W at 12:30pm after
spraying the surface of PV system, this value is more than the
standard total value of system power at 1000w/m2 (i.e.
1080W). The surface temperature increases from 24.7oC at
7:30am to 60.5oC at 12:55pm. The reduction of temperature
due to applying the spraying technique is 28.5oC at 1:00pm,
where the panels’ surface temperature is 32oC. The
maximum power gain is 215W (1135W at 12:30pm - 920W
at 12:55pm=215W). The total obtained power during the
testing period is 18858W (with spraying, i.e. summation of
20 reading during the day) and is 16283w without spraying.
So, the obtained gain for the whole period of test in one day
is 2575W. The variation of power per time can give an
indication of temperature effect on the output power which
is:
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∆p/∆t=(18858-16283)/(947.1-584.3)= 7.097W/oC (for 20 PV panel)

The values 947.1 and 584.3 present the sum of 20 reading
of temperature without and with spraying respectively. The
effect of increasing the temperature on each model is:
7.097/20 panel=0.354 W/ oC.
The reduction of electrical power output within the range of
0.4W/oC–0.5W/oC for mono and multicrystalline silicon solar
cells, respectively (which are used in most power applications)
[11]. Note that the above value (i.e. 0.354W/oC) is less than
the range loss due to increasing the surface temperature of PV
system, also it is calculated at non STC for 1000w/m2.
The power with and without spraying is summarized in fig.
(3). The average power with water spraying technique is
943W from 7:30am to 5:00pm in corresponding to 818W
without spraying. Additional power can be obtained if the
temperature of PV surface is kept below 32 oC (the PV surface

temperature at the midday in fig. (2)) even it is difficult due to
the increasing in ambient temperature up to 36 oC at the
midday. This difference comes from the fact that in fig. (2)
there are many temperature points on the curve have values
above the standard test condition (25 oC) after spraying the PV
system by water, so the obtained power will also be affected
by such increment of PV surface temperature. The efficiency
and electrical power decrease with increases the operating
temperature.
The output power increases as the solar irradiance (G)
increases. From the same figure the output power with and
without spraying will approach each other at the start and end
of day which is considered as a normal case due to less
increasing in surface temperature of PV system and the
decreasing of ambient temperature at that time.

Figure 2. System output power, Irradiance, and models surface temperature versus time (15th of April 2014).

Figure 3. System output power with and without spraying (15th of April 2014).
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3.2. Measurements on 1st of July 2014
Figure (4) illustrates the PV system performance with and
without spraying in 01/July/2014. Since the day time is
around 14 hour in July, the graph axis is started from 6:00am
to 7:00pm. The ambient temperature at this month is high as
shown in fig. (5). The output power increases gradually up to
9:00am. The effect of temperature at this period is not clear
due to increasing in solar insulation values which substitute
the negative effect of temperature on the generated power.
The fluctuation of output power increases by time till the
midday. The solar insolation has maximum values in the
period (12:30-14:00)pm, which are around 1080w/m2. Since
the ambient temperature is around 47 oC (from 1:10pm to
4:30pm) this will cause the output power to be reduced even
the solar irradiance is high at this period. The PV surface
temperature is about 35 oC in the period (12:30 to 4:30)pm
with water spraying model. The maximum reduction of
temperature is about 38.7oC (74.2 oC at 1:55pm -35.5 oC at
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2:00pm=38.7 oC). The average power for the whole day is
800W with spraying technique and 735W without spraying.
The obtained average power in April is higher than the
corresponding value in July due to high ambient temperature
values in July which have direct effect on the out power. The
PV surface temperature is staying over 50 oC at 7:00pm,
where the ambient temperature is 40 oC at the same time. The
variation of power per time is:
∆p/∆t=(21585-19848)/(1560.1-840.2)= 2.1414W/oC (for 20
PV panel)
The values 21585 and 19848 present the sum of 28
reading of power with and without spraying technique. The
other values in brackets are for the temperature on same
period. The effect of increasing the temperature on each
model is:
2.1414/20 panel=0.107 W/ oC

Figure 4. System output power, Irradiance, and models surface temperature versus time (1st of July, 2014).
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Figure (5) presents the ambient temperature at the middle
of April-2014 and the first day of July-2014.The
measurement is based on thermal sensor for Soly2 sun
tracker system which already works at the same site of this
practical project. Also the measurement is automatically
registered by data logger device for each two minutes. From
this figure, the ambient temperature increases with time from
6:00am to 1:00pm. The maximum temperatures are 36 oC
and 47 oC at 2:00pm in these two days. The temperature
reduces slowly after the midday which verifies the question
of why the surface temperature reduces slowly in fig. (2) and
fig. (4) after the midday.
Using spraying of water on the front of panel as a coolant
cools it cause the PV to generate more power than the system
without water spraying. Approximately, the cooling rate for 5
min.= 4 ºC/min in midday, as could be shown in Table 2.
and Fig. 6. A water coolant system for solar panels may help
the solar panels to cool and increase energy output during
clear, sunny days.
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Figure 5. The ambient temperature versus time at the RERC-University of
Anbar (15th of April and 1st of July, 2014)
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Table 2. Cooling rate of Panel surface along one day in October 2014.
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Figure 8. The relationship between power, radiation and efficiency versus
time along one day in April 2014.
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4. Conclusions
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Increasing the efficiency and the power output depends
largely on reducing the PV surface temperature, which
allows the greatest benefit from the whole system.
Experimental results show that the PV cells power has
increased due to spraying of water over the PV front surface.
The cooling rate for 5 min.= 4 ºC/min in midday. This can
significantly increase the system efficiency. The average
value of efficiency for spraying system along one day was
17.8 %. Besides, the reduction in installation area for solar
panels was acquired as result of power saving.

Acknowledgements

Figure 6. Cooling rate of Panel surface along one day in April 2014.

There is another application of spraying system which is
water heating, so spraying system considered as hybrid
system. Temperature difference of water along one day or
heating rate ∆TW is shown in Fig. 7. Higher heating rate
acquired at mid day was 9.8°C, and the average of heating
rate of water along one day was 6.83°C.
The efficiency is determined by dividing the product of
voltage and battery current by average global solar radiation
as shown in Figs. 7 and 8. The top values of efficiency were
observed in midday. The average value of efficiency of
spraying system along one day was 17.8 %.
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