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Abstract 

This study presents an explorative experimental investigation of solar 

photovoltaic collector's behavior, when equipped with a water film based 

cleaning system. The study was focused mainly on thermal aspects and 

demonstrated the thermal potential of the water film, to be used in preheating 

domestic water. The results obtained in temperate continental climate and in 

autumn conditions, are in good agreement with similar studies. The electric 

effects of the water film were also investigated. This category of results was 

affected by limited precision of the data acquisition but the trend of water film 

electric effects could be still revealed. The general practical conclusion of the 

study is that water film cleaning system of the solar photovoltaic collectors 

can be recommended only with reserves, because of reduced and uncertain 

global performances. 
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Introduction 

 
Availability of solar radiation, cells temperature and soiling of collectors surfaces are 

the main causes for the efficiency drop in active solar photovoltaic (PV) plants [1]. The dust 

on the transparent glazed surfaces of PV collectors is obstructing the solar radiation [2] and 

can determine the development of hot spots within the photovoltaic collectors [3, 4]. 

It was reported that even a low quantity of dust, such as 1 g/m2, if deposited on the 

glazed surface of a photovoltaic collector, can lead to an annual 6.5 % loss in the efficiency, 

which in terms of energy production losses and revenue, is equivalent with about 1 % of the 

entire photovoltaic system cost of investment [5]. 

Solar photovoltaic soiling can cause a significant 28 % drop in the collector's short 

circuit current while the reduction of the open circuit voltage is less significant, representing 

about 6 %. These values are corresponding to 22 g/m2 of dust deposition [6]. 

An experimental study, reported a power drop of 13 % for a photovoltaic collector, 

after only 18 days of exposure, in Abu Dhabi, United Arab Emirates [7]. 

For two photovoltaic plants of 1 MW each, one built on compact soil and the other 

one built on a sandy soil, were reported drops in energy production due to soiling of 1.1 

%/year for the compact soil plant and of 6.9 %/year for the sandy soil plant [8]. 

The efficiency drop of a photovoltaic collector operating under soiling exposure and 

accumulating a dust quantity of 4 g/m2 was of 1.5 %, compared with an identical cleaned 

photovoltaic collector [9]. 

These studies proved that soling of photovoltaic collectors is a serious operating 

problem and preventing or eliminating soling is a challenging issue.  

One possible solution to the soiling problem is represented by the use of a thin layer of 

water on the front side of the collectors. Such approach was investigated in [10]. 

In the frame of this study, it was developed an original water film based cleaning 

system for photovoltaic collectors that is investigated in this study from thermal behaviour 

point of view, taking also into account that water is not only cleaning but is also extracting 

heat that can be used for domestic hot water preheating. 

The aim of the paper is to provide information concerning thermal and electrical 

aspects related to a water film based cleaning system, specially designed for photovoltaic 

collectors. 
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Material and Method 

 

The study is based on experiment that consists in comparative analysis of two identical 

photovoltaic collectors installed on the roof of a new building at the Technical University of 

Cluj-Napoca. The two collectors are facing south with a fixed tilt angle of 37°, representing 

the optimum inclination angle for solar energy applications in Cluj-Napoca. 

The experiment was realised between 21st of October and 21st of November 2013.  

The first collector (PV1) was untouched throughout the experiment and was 

considered as reference. The second collector (PV2) was equipped with a water film based 

cleaning system that provided in conditions of enough solar radiation availability, a 

continuous 1 mm water film flowing on the glazed surface of the collector. 

The effects of water film on solar photovoltaic collector, was also studied in [10] using 

almost similar experimental method. In this study the original character is derived from the 

different construction of the water based cleaning system, for which a patent was requested. 

Images of the glazed surface of reference photovoltaic collector (PV1) and of the 

water film on the second photovoltaic collector (PV2) are presented in Figures 1 and 2. 

 

 
Figure 1. The glazed surface of PV1 Figure 2. The water film on PV2 

 

The water is sucked from a thermally insulated water tank placed under the 

photovoltaic collector, by a pump that discharges the water into a distributor manufactured 

from a perforated pipe. From the distributor the water is forming a uniform layer that flows on 

the glazed surface. Water is collected by a collector and returned into the tank through a filter.  

The principle drawing of the test bench for the photovoltaic collector with water based 

cleaning system is presented in Figure 3. 
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Figure 3. Schematic diagram of the experimental setup 

 

A rendering of the experimental setup structure and photovoltaic collectors is 

illustrated in Figures 4 and 5. 

 

 

Figure 4. Rear view of experimental setup Figure 5. Front view of experimental setup 
 

The photovoltaic collectors used in this experimental study are manufactured by the 

company Suntech and technical characteristics are listed in Table 1 [12]. 
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Table 1. Suntech STP075S-12/Bc PV collector technical data 

Parameter Value 
Rated Maximun Power (Pmax) 75 W ± 5 % 
Current at Pmax (Imp) 4.35 A 
Voltage at Pmax (Vmp) 17.3 V 
Short-Circuit Current (Isc) 4.87 A 
Open-Circuit Voltage (Voc) 21.7 V 
Nominal Operating Cell Temp. (NOCT) 50°C 
Short-Circuit Current Temperature Coefficient 0.020 %/K 
Open-Circuit Voltage Temperature Coefficient -0.34 %/K 
Peak Power Temperature Coefficient -0.46 %/K 
Maximum System Voltage 1000 V 
Cell technology Crystalline Silicon 
Dimensions 1195×541×30 mm 

 

The water pump is powered directly from the photovoltaic collector equipped with 

cleaning system. The pump was chosen with power consumption lower than 10 % of the 

maximum power of the photovoltaic collector [13].  

The technical parameters of the pump used in the experiment are listed in Table 2. 

 

Table 2. Phobya DC12-220 water pump technical data 

Parameter Value 
Rated Voltage 12 V (±10 %) 
Starting Voltage > 8 V 
Rated Power 6.5 W (±10 %) 
Rated Current 0.62 A 
Maximum Flow 400 l/h (±10 %)
Maximum Pump Head 2.2 m (±10 %) 

 

On both photovoltaic collectors were connected two identical resistive loads of SR 

Pasives R80W-4R7 type [14]. 

The technical parameters of the resistors are listed in Table 3. 

It was designed and manufactured a data acquisition system based on an Arduino 

Mega 2560 R3 motherboard [15] and on the sensors presented in Table 4. 

The complex sensor used for measurements of currents and voltages, proved to be of 

relative low precision. Some errors were identified. In these situations, the values affected by 

errors were replaced by the averages of the neighbour values. 
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Table 3. SR Pasives R80W-4R7 resistor technical data 

Parameter Value 
Resistance 4.7 Ω 
Rated Power 80 W 
Tolerance ± 0.5 % 
Temperature coefficient 200 ppm/°C

 
Table 4. Sensors types used for data acquisition 

Parameter Sensor type 
Solar radiation Pyranometer: Davis 6450
Collectors temperatures DS18B20+ 
Water temperature DS18B20+ 
Current Attopilot 90 A 
Voltage Attopilot 90 A 

 
Even in these conditions the trend of electric behaviour of solar photovoltaic collectors 

with water film cleaning system was still revealed. 

A meteorological station of TFA Primus WS-2800 type [17] was used to measure 

different ambient parameters such as air temperature. 

The collector's temperatures were measured on the backside of each collector, behind 

the same cell. The water temperature was measured in the storage tank. The global solar 

radiation was measured in the plane of the collectors. The data from all the sensors was 

recorded to a computer. 

Based on measured instantaneous current and voltage were also calculated 

instantaneous power and efficiency, using the basic relations of definition [11]. 

The relative differences between parameters were calculated considered as reference 

the parameters corresponding to the collector PV1. 

 

 

Results 

 

The results used for qualitative analysis, providing the trend of water film influences 

are provided for the whole period of the study, between 21.10.2013 - 21.11.2013. 

The results used for quantitative analysis, providing values of different parameters and 

of differences between the parameters of the two collectors are provided for a two days 

period: (26-27).10.2013. 
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The variation of solar radiation for the period of (21.10 - 21.11).2013 is presented in 

Figure 6 and for the period (26-27).10.2013 is presented in Figure 7. 

 

 
Figure 6. Global solar radiation 21.10 - 21.11.2013 
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Figure 7. Global solar radiation 26-27.10.2013 

 

The outside temperature variation is presented in Figure 8. 

 

 
Figure 8. Outside temperature variation 4.07.2013 - 21.11.2013 
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The water temperature variation is presented in Figure 9. 

 

 
Figure 9. Water tank temperature variation 21.10 - 21.11.2013 (PV2) 

 
The comparative variation of outside temperature and of water temperature for a 

shorter period of time is presented in Figure 10. 
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Figure 10. Comparative outside and water temperatures 26-27.10.2013 

 
The temperature difference between water and outside is presented in Figure 11. 
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Figure 11. Temperature difference between water and outside (26-27).10.2013 

 
The collector's temperatures variation is presented in Figure 12. 
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Figure 12. Collector's temperature variation 21.10 - 21.11.2013 

 
The comparative collector's temperatures variation for the period 26-27.10.2013 is 

presented in Figure 13. 
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Figure 13. Collector's temperature variation 26-27.10.2013 

 
The temperature difference between the collectors is presented in Figure 14. 
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Figure 14. Temperature difference between the collectors 26-27.10.2013 

 
The relative difference between currents of the collectors is presented in Figure 15. 
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Figure 15. Relative difference between currents of the collectors 26-27.10.2013 

 

The relative difference between voltages of the collectors is presented in Figure 16. 

 

 
Figure 16. Relative difference between voltages of the collectors 26-27.10.2013 

The relative difference between powers of the collectors is presented in Figure 17. 
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Figure 17. Relative difference between powers of the collectors 26-27.10.2013 

 

The relative difference between efficiencies of the collectors is presented in Figure 18. 
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Figure 18. Relative difference between efficiencies of the collectors 26-27.10.2013 

 

Comparative backside IR images of PV1 and PV2 are presented in Figures 19 and 20. 

 

  
Figure 19. IR image of the PV1backside Figure 20. IR image of the PV2backside 

 

A combined visible and IR image of the collector PV1 (left) and PV2 (right), is 

presented in Figure 21. 

 

 
Figure 21. Combined visible and IR image of the collector PV1 (left) and PV2 (right) 
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Discussion 
 

The obtained results are in natural agreement with the exploratory character of the 

experiment. The relative low precision, mainly of the current and voltage sensors affected the 

global precision of the experiment. Even in these conditions the trend of water film influences 

on the electrical parameters of the solar photovoltaic collector was revealed. From thermal 

point of view, the temperatures measurement precision was enough accurate to provide data 

comparable with other studies of solar photovoltaic collectors operating with water film on 

the glazing surface. The results obtained in this study, for the reference PV collector (PV1) 

and for the second PV collector equipped with the water film cleaning system (PV2), were 

compared with the results provided in [10] and it was observed a good agreement even if 

climate and seasons were different. 

The values of global solar radiation, in the plane of the photovoltaic collectors, 

presented in Figures 6 and 7, are indicating that even in the late autumn period of the study, a 

reasonable number of days were characterised by good solar radiation, mainly in the first part 

of the experiment, enough to allow such a study. 

The outside temperature variation, presented in Figure 8, have a decreasing trend from 

maximal values over (30…35)°C in the first part of the interval (when the meteorological 

station was operating as single functional component of the acquisition system), to maximal 

values of (20…25)°C in the middle part of the interval (the first part of the experiment) and to 

maximal values of (15…18)°C in the last part of the study. The interval of temperature 

variation in the period of the study was characteristic for late autumn. 

The water temperature in the water tank, presented in Figure 9, is indicating that water 

have not only a cleaning effect, but also a thermal one. The water film is capable to extract a 

significant part of the P2V collector evacuated heat. The water temperature is depending both 

by solar radiation and outside temperature. 

The comparative temperatures variation of water and air, presented in Figure 10 is 

indicating that on one side the water presents higher temperatures and a lower temperature 

variation interval than air. Under the effect of solar radiation, water temperature is increasing 

and in the absence of solar radiation is decreasing. Daily, the water temperature becomes 

almost similar with the air temperature, when air temperature has maximal values. This 

observation leads to the conclusion that in summer water temperature will be higher, 
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increasing the thermal potential of the water for preheating domestic water. The temperature 

difference between water and air, presented in Figure 11, is situated in the range (0…10)°C. If 

heat recovery from the water is desired, the tank insulation should be carefully studied. 

The shape of PV collector's temperatures variation, presented in Figures 12 and 13, is 

similar with the one presented in [10], but differences are lower because this study was 

realised in temperate climate in late autumn, and [10] was realised in arid climate in summer. 

The maximum temperature difference between the two collectors, presented in figure 

14 is of about 10°C, while in [10] is of about 20°C. This observation leads to the conclusion 

that in summer, the temperature differences is expected to be higher, increasing the thermal 

potential of the water, by reaching temperatures of (35…40)°C.  

The effects of the water film on the electric parameters of the photovoltaic collectors 

are presented in Figures 15-18. Due to measurements imperfections, were recorded 

fluctuations in measuring the current and the voltage. It can be observed that measurement 

precision is lower and fluctuations are greater only in the periods with low solar radiation. 

Measurement precision increase substantially and fluctuations decrease dramatically in the 

periods with height solar radiation, indicating that the data acquisition system is operating 

more precise and stable in clear sky conditions with height values of solar radiation. Thus the 

general trend of the effects on the electric parameters was revealed, but this was exactly the 

objective of the explorative experiment. For the periods with height values of solar radiation, 

correct quantitative analyses can be realised.  

The influence of water film, on the current, presented in Figure 15, is indicating that 

due to temperature reduction the water film is slightly increasing the current. 

The water film has very reduced effect on the voltage, as presented in Figure 16, 

because voltage is not sensitive with the collector temperature variation, produced by the 

water. 

The influence of water film, on the power, presented in Figure 17, is indicating a low 

and fluctuating increasing effect of the water film on the power. 

The influence of water film, on the efficiency, presented in Figure 18, is indicating a 

low and fluctuating increasing effect of the water film on the power. 

The general trend of the water film on the electric performances of PV collector was 

revealed to be determined by the cooling effect of the water. This effect slightly increase the 

current and don’t affect the voltage, leading to low increase of power and efficiency. 
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In order to confirm the benefic effect of the water film on the electric parameters, 

more precise measurements should be performed. 

The infrared images of the two collectors, presented in Figures 19 and 20, confirm the 

collector temperature decrease, on the back side of the collector, as effect of the water film. 

The combined visible and infrared image of the front PV collectors side reveal the 

thermal effect of the water film, that is strongly reducing the PV2 collector temperature. 

A comparative experimental study of two solar photovoltaic collectors, one of 

reference and one equipped with a water film based cleaning system, was realised in the 

period of 21.10-21.11.2013 at the Technical University of Cluj-Napoca. 

The thermal effects were clearly revealed and the obtained thermal results are in good 

agreement with similar studies provided in literature [10]. 

The electric effects were observed only as general trend, because of limited 

measurement precision of current and voltage. These results are in natural agreement with the 

explorative character of this study. 

In order to confirm the electric benefits of the water film on the glazing side of the 

solar photovoltaic collectors more precise investigations should be realised. 

 

 

Conclusion 

 

The general practical conclusion of the study is that implementation of water film 

cleaning system on the solar photovoltaic collectors can be recommended with reserves, 

because of reduced and uncertain global performances. 
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