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Abstract 

A new concept of using a device that produces electricity, hot water and desalinated water 

was developed. This work was conducted in the collector and desalination modes, both 

with and without glazing.  

In the collector mode, the increases in thermal and overall efficiencies over the previous 

work were 4.7% and 5.4% respectively, and the maximum thermal and overall efficiencies 

were 79.64% and 91.82% respectively , obtained with glazing. Also the percent increases 

in thermal and overall efficiencies with glazing over those without glazing were 14% and 

10.5% respectively.  

In the desalination mode, the increases in thermal and overall efficiencies over the 

previous work was 9.3% and 9.6% respectively, and the highest thermal and overall 

efficiencies were 35.3% and 45.7% respectively, obtained with glazing at flow rate 1g/s. 

The percentage increases in maximum hourly and daily productivity of the desalinated 

water over the previous work were 21.8% and 7.6% respectively and the highest daily 

productivity was 3582 ml/m
2
.day, obtained with glazing at flow rate 1g/s. The maximum 

panel temperature was 84.2 ºC with glazing at flow rate 1g/s and the decrease over the 

previous work was 2.3%. The highest electrical efficiency was 14.53%, obtained without 

glazing at flow rate 1.75 g/s.  

 

Keywords: Hybrid solar collector, Photovoltaic/Thermal, (PV/T), Inverted Trickle. 

 

1. Introduction 

The conversion efficiency of the commercially available PV panels (mono-crystalline 

cells) ranges from 15% to 20% which means that (80-85%) of the incident solar energy 

dissipates as losses. In addition, the efficiency of the PV panel decreases as the ambient 
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temperature increases. To partially alleviate these problems, a new solar panel was 

designed, built and tested such that it exploits solar energy as much as possible by utilizing 

the energy losses from the bottom of the panel to heat-up water and thereby cooling the 

panel in addition to being compact and durable with moderate cost. 

Several works were carried out on the subject of hybrid solar PV and Thermal systems. 

Integrating a PV panel with a solar water heating system in one unit was first introduced by 

Wolf [1], while the concept of the inverted water trickle used in a flat-plate collector was 

developed by Badran and Najjar [2]. They built a new design of flat-plate collector that 

does not have finned tubes to conduct heat to the water from the absorber plate. They 

named this system the inverted water trickle method because heat was conducted to the 

water directly from the absorber plate through trickling it at the back of the absorber plate 

by means of a wire mesh that was fixed on the back of the absorber plate. 

Garg and Agarwal [3] established a mathematical model for the PV/T collector system and 

solved it using the finite difference method. It was found that a normal domestic solar 

water heater of about 2 m
2
 area generated sufficient electrical energy to run two tube lights 

of 20 W each for five hours and a television set of 30 W for four hours in addition to 

heating 100 liters of water at 73°C every hour. Tripanagnostopoulos et al [4] 

experimentally studied various PV/T parameters including air and water systems with and 

without glazing, and with the use of a booster diffuse reflector. It was found that water-

based systems generated a better efficiency than air systems especially during summer 

when water temperature from mains was lower than ambient air annual temperature. The 

addition of glazing increased the thermal efficiency but decreased the electrical efficiency. 

Zondag et al [5] analyzed various designs in the solar systems from stand-alone PV and 

thermal solar collector to nine PV/T variants under different conditions. The results 

showed that all PV/T variants gave better overall energy efficiencies than thermal collector 

alone. This makes the PV/T design flexible depending on the need of more thermal or 

electrical generation. Bakker et al [6] studied the performance and costs of a roof-sized 

PV/T array combined with a ground coupled heat pump. The system was compared to a 

similar one with separate PV panels and solar thermal collectors. Zondag [7] conducted an 

overview of 30-years of research on PV/T collectors. A historical overview of research 

projects and in a form of a thematic overview, addressed the different research issues for 

PV/T. Chow et al [8] constructed an aluminum alloy with fin flat-box type PV/T; this 

design was used to supply hot water for residential application using thermosyphonic 

principle for recirculation. They found that a high temperature hot water was achieved after 

one day of exposure. A numerical model of this system was developed and the model 

accuracy was verified by comparison with measured data. Kalogirou and 

Tripanagnostopoulos et al [4] also built two PV/T models using two systems: a passive 

(thermosyphonic) and active systems. Also, they used two types of PV modules 

(polycrystalline silicon and amorphous silicon PV modules). Tiwari and Sodha [9] 

developed a thermal model of a hybrid PV/T solar system that was tested by previous 

researchers. The model was based on energy balance of each component of the system. 

The numerical computations and simulation using ΔT=18.18°C at peak solar irradiation of 

852 W/m
2
 predicted a daily thermal efficiency of around 58% which was in agreement 

with their experimental value of 61.3%. Fraisse et al [10] studied the integration of PV 

modules with solar thermal systems in buildings in order to help cool the PV modules 

which would increase its efficiency. The PV panels used were mono-crystalline. It was 

found that the annual efficiency of PV/T system was 6.8% when a glass cover is used 

compared to 10% without using a glass cover and 9.4% when it was a stand-alone PV 
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system. The system was also used in conjunction with a Direct Solar Floor (DSF) and it 

was found that during summer for the glazed PV/T system the PV module temperature 

reached over 100°C due to over sizing the collectors during the summer where hot water 

requirements were lower. As a result, using glazing in PV/T systems would decrease the 

lifetime of the PV module. Some variants of this PV/T system that could avoid that 

problem were mentioned including not using glazing.  

Boubekri et al [11] studied the combination of the collector with PV module as an efficient 

method for improving the system performance. The mathematical model presented in their 

work was based on the energy transfer phenomenon with the various components of the 

collector. Thus, the transfer equations were carried out using the finite difference method. 

They found that there was a direct impact of various parameters on the overall efficiency 

of the collector, especially the inclination angle of the collector and mass flow rate. 

Ibrahim et al [12] presented a study on flat plate PV/T collector classification, design and 

performance of water, air and combination of water and air based system. Also, different 

design features and performance of flat plate PV/T solar collectors were compared and 

discussed. They suggested future improvement on PV/T flat plate that may help in 

increasing performance. Touafek et al [13] proposed a simple PV/T collector, which 

consists of mono-crystalline photovoltaic (m-PV) module (1.29 m. length and 0.33 m. 

width) which was placed on the top of a galvanized steel absorber. This absorber was 

surrounded by insulation made of glass wool to insure a better thermal insulation. In this 

study the thickness of the galvanized steel absorber, which contains the coolant, should be 

experimentally optimized to achieve the highest temperature of the fluid that was not less 

than (47 °C) and the lowest temperature of the solar cell that was not greater than (58 °C), 

the thermal and electrical efficiencies were determined experimentally to be 69% and 11% 

respectively. The total PV/T collector’s efficiency was of 80%. Mahmoud [14] built a 

hybrid PV/T solar still device where the productivity and efficiency of the solar still mode 

were investigated. In addition, the PV module power output was found. His study used the 

theoretical analysis and compared it with the experimental results. He found that the 

maximum productivity of the solar still mode was 3.85 liter/day and the electrical power 

output was 215 Watt without covering it with glass; this value was reduced to reach 190 

Watt while using the glass cover, the nominal power of the PV module was 250 Watt. Al 

Mashaleh [15]) built and tested a hybrid PV/T device with some modifications over those 

made by Mahmoud in order to study the performance of the thermal mode in water 

heating. In this mode, the inverted trickle flow idea was used where the water flowed on 

the backside of the PV solar absorber plate using a jute layer to facilitate the water flow by 

using gravity. This study used the theoretical analysis and compared it with the 

experimental results. It was found that the efficiency increased by 28% compared with the 

locally-made flat plate collectors. And the maximum overall efficiency of the hybrid PV/T 

system was 82%. The PV module produced electricity power of 181.83 Watt in the 

presence of glass cover, where the nominal power of the PV module was 250 Watt. Matar 

[16] modified the hybrid PV/T solar device built by Al Mashaleh in order to study the 

performance of this system in two modes: the collector and the desalination modes. His 

model used the inverted trickle flow concept.  His study also used a simulation program to 

predict the theoretical performance of the device in the two modes. In the collector mode, 

the maximum overall and the thermal efficiencies were about 80% and 69% respectively, 

with glazing installed. This gave an indication that the heat losses utilization from the back 

of PV panel improved the efficiency by 11%. In addition, the previous efficiencies were 

improved by 6% when glazing was removed. In desalination mode the productivity and the 

overall efficiency were investigated in six different cases which depended on the presence 
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of glazing, natural convection and different inlet water flows. The highest productivity and 

overall efficiency on daily bases were 2.866 liter/m
2
/day and 34%, respectively. These 

results were achieved when glazing was installed with natural convection and the inlet 

water flow rate was 1.75 ml/sec. Herrando et al [17] developed a hybrid PV/T water model 

which consists of a PV/T collector, hot water storage tank, auxiliary heater, recirculation 

pump, and connecting pipes. The model performance was investigated through studying 

the effect of covering factor of the solar collector with PV module and the collector flow 

rate. His study concluded that using hybrid PV/T systems are suitable for the provision of 

both electricity and hot water instantaneously in the domestic sector in UK. Such system 

can provide 51% and 36% of the total demand of electricity and hot water respectively. 

This result was achieved when the PV/T collector was fully covered with PV module and 

the flow rate was 20 l/hr. Al Bsoul [17] built three PV/T modules to investigate their 

performance under the same conditions. The improvements were using a black mono-

crystalline cells and a black PV sheet panel, replacing the wooden frame with polyurethane 

foam and using a finned heat exchanger. The effects of these improvements were 

investigated experimentally and theoretically .It was found that using the black panel 

increased the thermal efficiency up to 4% and 20% with and without glazing respectively 

over the blue panel. In addition, using the polyurethane enhanced the thermal efficiency, 

and using the finned heat exchanger increased the productivity of the desalinated water 

reaching 3.33 L/m2.day and 1.74 L/m2.day with and without glazing respectively. Also, it 

was found that glazing decreased electrical power output by 17.6%.  

In this work, an improved hybrid inverted trickle PV/T solar system was built and tested. 

The differences between this work and Al Bsoul work were as follows: 

1. The jute layer between the panel back and the flowing water was replaced with a 

stainless steel wire mesh layer, because the jute layer deteriorates with time and it 

has low thermal conductivity ( 0.15 W/m.K), while the stainless steel layer lasts 

longer and it has high thermal conductivity (17 W/m.K). 

2. In collector mode, the average heat transfer coefficient between the layers (the jute 

layer and the stainless steel layer) and the flowing water was experimentally 

calculated, to investigate their effect on the performance of the system. 

3. The porosity of the wire mesh and jute layers was experimentally found using the 

fluid saturation method. 

4. Two inlet water flow rates 1.75 g/s and 1g/s in desalination mode were used, to 

investigate the effect of changing inlet flow rate on the performance of the system. 

2. Theoretical Analysis 

Figure 1 depicts various energy quantities on the control volume drawn in dotted line on 

the PV/T device as shown. 
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       Fig. 1: A cross section in the PV/T device with various flows and energy quantities 

Following the analysis of thermal performance of the device as a solar collector 

[18], the following equation can be found: 

                                                                                        (1) 

Where 

Qu: Useful energy gain, W                   Ac: Collector area, m
2   

FR : Collector heat removal factor           S = G (τ α)e, W/m
2
               

 

G: Solar irradiance, W/m
2         

 : Collector overall heat loss coefficient, W/m
2
.ºC 

: Effective transmittance -absorptance product of the glazing and the absorber. 

[ =1.02× ].   : Ambient temperature, 
o
C.  : Inlet water temperature, 

o
C. 

The thermal efficiency of the collector [22] is given by: 

  =                               (2) 

                                                                    

The electrical power output, as given by Chow [14] is:                                                      (3) 

                                                                                                                      

 

Where             

 : Transmittance of glass (in case of glazing). 

  : Packing factor ( ) which is in this case equal to one. 
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Where APV: Area of the PV panel.          A system : Area of the system. 

  : PV panel conversion efficiency 

  : Solar cell temperature coefficient (1/
o
C)  

  : Temperature of PV panel. 

 

To calculate thermal, electrical and overall efficiencies, the following equations are used: 

                                                                                                                (4) 

              (5)                                                                      

Where:  

 : DC current from PV panel, ampers,                   DC: voltage from the PV panel, Volts 

: Outlet water temperature ºC.       : Thermal efficiency.    : Electrical efficiency 
 

The overall efficiency  is defined as the output divided by the input, and is given by: 

                                                                                   

                     (6) 

 

 

              (7) 

Therefore 

                  (8) 

 

To calculate the thermal efficiency and the productivity of the PV/T trickle system, the 

principle of energy conservation should be performed assuming the whole system as the 

control volume, Figure 1. The energy balance equation in the desalination mode given by: 

 

                                    (9) 

Where: 

(τα )e : Transmittance-absorptance product of the device 

G  : Global solar radiation on the device 

  : Electric power from the device, W/m
2
 

  : Heat rate of the inlet water temperature, W/m
2
   

 : Heat rate due to condensation, W/m
2
 

  : Heat rate of the saline water temperature raise, W/m
2
 

  : Heat rate of the intermediate water temperature raise, W/m
2
 

  : Heat rate loss due to convection, W/m
2
 

  : Heat rate loss through edges, W/m
2.
 

  : Heat rate loss from the bottom, W/m
2 

 : Heat rate due to water temperature raise in the heat-exchanger, W/m
2
  

 

The equations governing the above heat rates are as follows: 

      (10) 

                                                                                                                (11)              

   (12)  
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                                                                                                             (13) 

                                                                                                (15) 

                                                                                                         (16) 

                                                                                                         (17) 

 

Where 

ṁi: The flow rate of the inlet water (kg/s),             Cp: The specific heat of water (J/kg.ºC) 

 : Inlet water temperature (º C),                          : The condensate productivity  (kg/s) 

: Latent heat of evaoparation for water (J / kg),       : Flow rate of saline water (kg/s) 

Ts : Saline water outlet temperature (º C),          : flow rate of intermediate water, (kg/s) 

Tit :Intermediate water outlet temperature (ºC),          : PV panel temperature,            (ºC)       

ṁex : Heat exchanger flow rate (kg/s).  : Heat exchanger water inlet temperature,  (ºC) 

THE,O : Heat exchanger water outlet temp. (ºC),         Tb: Bottom condenser wall temp., (ºC) 

 

The quantity of desalinated water (The productivity) is theoretically given by: 

                                                                                                  

                                   (18)                                                                                                       

Where: 

                              (19) 

 

Upon calculating  , the thermal efficiency can be calculated using the following 

equation: 

                                        (20) 

3. Experimental 

Figure 2 shows a general view of the PV/T device which was used in two modes: collector 

and desalination mode. A mono-crystalline PV module (Philadelphia, model PS-M60 

Black 2) with a black substratum was used, because the black color of the substratum 

enhances the absorption of solar energy. The module generates electricity and works as an 

absorber plate at the same time. The module was assembled with the other components of 

the device are not shown in the Figure. Instead, Fig. 1 may be used to show the consealed 

parts of the device. The specifications of PV module are found in the Website of the 

manufacturing company. The most important characteristics of the used module are shown 

in Table 2. 
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                                     Figure 2 General view of the PV/T device 

Table 2 shows the most important characteristics of the module, as given by the 

manufacturers specification sheet. 

      Table 2 Characteristics of the PV module (Philadelphia, model PS-M60 Black 2) 

 

 

 

 

 

 

 

 

 

 

 

The various parameters and the specification of the PV/T system with testing conditions 

are found in Table 3. 

 

 

 

 

Characteristic symbol value 

Dimensions L×W×t 1655×990×45 mm 

Electrical conversion efficiency ηe 15.3 % 

Temperature coefficient Φ  0.038 % (1/
o
C) 

Open Circuit Voltage VOC 37.72 (V) 

Short Circuit Current ISC 8.76(amp) 

Nominal Voltage Vn 30.3 (V) 

Nominal Current In 8.25(amp) 

Nominal Power Pn 250 (W) 

All Nominal values are at Standard Test Conditions (STC) 

STC : at temperature  25 
o
C and solar Irradiance 1000 W/m

2
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      Table (3): Parameters and specifications of the PV/T  system with testing conditions 

Parameter Symbol Value Unit 

Latitude of position (Amman) Φ 32N Degrees 

Longitude L 36E Degrees 

Collector tilt angle β 45
o
 Degrees 

Collector azimuth angle γ 0 Degrees 

Average wind velocity V 2 m/s 

Collector( PV panel) area AC 1.64 m
2
 

Collector perimeter perimeter 5.28 m 

Collector thickness LC 0.10 m 

Back  insulation thickness Lb 0.025 m 

Edge insulation thickness Le 0.025 m 

Transmittance of glass τg 0.87 Dimensionless 

Emittance of glass εg 0.88 Dimensionless 

Number of glass covers N 1 Dimensionless 

Absorptance of PV panel α 0.903 Dimensionless 

Emittance of PV panel εp 0.80 Dimensionless 

Thermal conductivity of the Polyurethane.  ki 0.03 W/m.K 

Water specific heat Cp 4816 J/kg.ºC 

Water inlet flow rate    

Collector mode ṁi 33.33 

g/s Desalination mode 
ṁi 

 

 

1 

1.75 

PV panel conversion efficiency ηe 15.3 

% Solar cell temperature coefficient (1/
o
C) Φ           0.038 

 

A wire mesh was used to facilitate spreading the water on the back of the PV panel, to 

enhance the capillary and surface tension effects and to perform as a metallic porous 

material with high thermal conductivity (17W/m.ºC), in order to increase the heat transfer 

coefficient between the absorber plate and the flowing water. A wire grid made of 

galvanized steel with hole spacing (10×5mm) and thickness of 1mm was used to keep the 

wire mesh in direct contact with the back of the panel. The edges of the wire grid were 

inserted in thin steel tubes fitted to the edges of the PV panel; thereby both the wire mesh 

and the wire grid were stretched resulting in uniform thickness all over the back of the PV 

panel. To guarantee even distribution of water underneath the panel back, a steel pipe 950 
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mm long and 25mm diameter was drilled evenly spaced holes with diameters of 1.5mm 

each. The mesh, combined with the grid are shown in Fig. 3. 

 

Fig. 3 Wire grid and mesh combination (grid on top and mesh at bottom) 

To guarantee even distribution of water underneath the panel back, a steel pipe of 950 mm 

long and 25mm diameter was drilled with evenly spaced holes of 1.5mm diameter each 

was placed below the wire mesh, as shown in Figure 4. 

 

Figure 4 :Water distributor 

A 25 mm thick polyurethane insulation board was mounted 45 mm under the wire grid 

with dimensions of 1260×980mm. It is manufactured with 0.2 mm aluminum foil on top 

and bottom. It was used as an insulator to minimize bottom heat loss and to carry the 

intermediate water that may fall from the porous media to the intermediate outlet, besides 

it acted as a radiant barrier. 

Louvers were used to connect/disconnect the upper chamber with the condensate chamber, 

as shown in Figure 5.  In collector mode, the two louvers were closed while in desalination 

mode both were opened to allow the vapor to inter the condensate chamber and free 

convection to take place. Two louvers (up and down) were used each is made of 

Chlorinated PolyVinyl Chloride (CPVC) overlapped pipes with tiny clearance (outer pipe 

Do=40mm, Di=32mm.Inner pipe Do=32mm, Di=25mm and multiple vents.    
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Fig. 5 CPVC Louvers 

A tubular finned heat exchanger, as shown in Figure 6, was used to facilitate the vapor 

condensation process by the flowing  water inside the tube. Heat is extracted from the 

vapor and when the dew point temperature of the vapor was reached, it was condensed on 

the heat exchanger surface. The used heat exchanger was a finned 10 m long copper tube 

with thermal conductivity of 399 W/m.k( Do=13mm, Di=11mm). The condensation 

chamber was made of galvanized steel plate of 1.1 mm thickness with dimensions of 

1655×940×80mm. This plate formed the compartmnt upon which the condensate header is 

installed. 

 
 

Fig. 6 Finned tube heat exchanger inside condensation chamber 

Polyurethane foam was injected into a polyvinyl chloride (PVC) envelope that covers the 

periphery of the system. It was used to minimize edge heat loss as the polyurethane is 

characterized by low thermal conductivity (0.03 W/m.K) in addition to having light weight 

(density =35kg/m
3
). 

The system was operated in two modes: the collector mode ( When the two louvers were 

closed), and the desalination mode (When the two louvers were opened). Besides, each 

mode was operated with and without glazing. All requirements, testing procedure, 

accuracy of the measurements and the precision of the measuring devices were in 

conformance with ANSI/ASHRAE Standard 93-2010, where applicable. 

The testing procedure in the collector mode is summarized as follows: 

1. The system was oriented towards South with tilt angle of 45º. 

2. Water was trickled underneath the PV panel at flow rate 0.033kg/s. 

3. Temperature measurements were conducted using k-type thermocouples at water   

inlet,   water outlet, front of the PV panel and at the ambient. 

4. Flow was measured by using a floating ball type flow meter. 



 12 

5. A pyranometer (Kipp & Zonen model CM 11) was used to measure the total solar   

radiation. It   was located at the PV panel upper part frame and it was coplanar with 

the PV panel. 

6. The data were collected at the highest solar energy irradiance (at noon G > 800 

W/m
2
) Five measurements were taken with increments of 15 minutes (two before 

noon, one at noon and two after noon), then the data were averaged. 

7. To plot the thermal energy versus   , five measurements with different inlet   

temperatures were taken .The inlet water was heated using a 200 L insulated 

cylinder with two electrical heaters equipped with temperature controller, 

temperature sensor and a relay. 

8. The electrical outputs were measured using a Rheostat and an Avometer. The PV 

panel terminals were connected to the Avometer and the Rheostat, the voltages and 

currents were recorded at different resistances, then current versus voltage curve 

was plotted in order to find the maximum output power. 

 

The testing procedure in the desalination mode can be summarized as follows: 

1. Part of the flowing water evaporated and entered the condensate chamber via the 

opened louvers where it condensed and flew to the condensate outlet as desalinated 

water. 

2. The system was tested at two flow rates: 1g/s and 1.75g/s. 

 

The procedure for testing the PV/T was as follows: 

1. Thermocouples were connected at water inlet, the ambient shelter, front of the                                   

PV panel, saline outlet, condensate outlet, bottom of condenser chamber, inside the 

condenser chamber near the heat exchanger and at the heat exchanger water inlet 

and outlet. 

2. The flow rates of condensed water and saline water were measured bymeasuring 

cylinders that measured the hourly accumulated water outputs. 

3. Nine daily measurements were taken on hourly basis from 9am-5pm. The test was     

conducted in four different cases (at flow rate 1g/s with and without glazing and at 

flow rate 1.75g/s with and without glazing. 

4. Results and Discussion 

A detailed discussion and analysis of the results of the PV/T trickle system performance 

will be carried out herein. On one hand, the experimental results of this work will be 

compared with previous experimental works. On the other hand, a comparison of 

experimental and theoretical results of this work in both modes will be conducted. 

This section discusses the experimental and the theoretical results with and without glazing 

and comparing them with Al-Bsoul work, 2016 to find out the effect of replacing the jute 

layer with the stainless steel wire mesh layer on the PV/T trickle system performance. The 

performance measurements are characterized by thermal, electrical and overall 

efficiencies. 

Figure 7 shows the variation of the thermal efficiency with (Ti-Ta)/G for the PV/T system 

without glazing in the collector mode. The present work’s thermal efficiency is higher than 

that of Al-Bsoul by about 4.6%. This increase is due to the use of stainless steel wire mesh, 
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which enhanced the heat transfer between the panel back and the flowing fluid and, 

consequently the useful energy gain was increased 

 

 
 

Figure 7: Variation of thermal efficiency with (Ti-Ta)/G for the PV/T system  

in the collector mode without glazing 

 

 

 

Figure 8 shows the variation of the thermal efficiency with (Ti-Ta)/G for the PV/T system 

with glazing in the collector mode. It is obvious that the thermal efficiency was inversely 

proportional to (Ti-Ta)/G as usual and the theoretical thermal efficiency was higher than the 

experimental one with less slope (i.e. less losses). This was due to the simplifying 

assumptions and that theoretical calculations assumed perfect conditions while in reality 

many parameters changed during test time. 

 
Figure 8: Variation of thermal efficiency with (Ti-Ta)/G for the PV/T system  

in the collector mode with glazing 
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Figure 9: shows the variation of the overall efficiency vs. (Ti-Ta)/G without glazing 

 

                 Figure 9: Variation of the overall efficiency with (Ti-Ta)/G without glazing 

It is noticed that overall efficiency followed the same trend as thermal efficiency because it 

is an algebraic summation of the thermal efficiency and electric efficiency, on the other 

hand, electric efficiency decreased slightly with increasing inlet temperature. Present 

work‘s overall efficiency was higher than Al-Bsoul work by about 5.4% .This increase was 

due to the increase in thermal efficiency and the increase in electrical efficiency which was 

resulted from the decrease in panel temperature. 

Figure 10 shows the variation of the overall efficiency vs. (Ti-Ta)/G with glazing. 

 

             Figure 10: Variation of the overall efficiency vs. (Ti-Ta)/G with glazing. 
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It is obvious that theoretical overall efficiency of this work was higher than the 

experimental thermal efficiency and the slope was steeper which indicates that the 

losses increased due to the elevated temperature of the panel and the system as a 

whole. This work‘s overall efficiency was higher than Al-Bsoul work by about 4 %. 

Figures 11 and 12 show the hourly variation of productivity of desalinated water 

with daytime for different cases. 

 

Figure 11: The hourly productivity variation of the desalinated water with daytime in 

different cases (without glazing) 

 

 
 

Figure 12: The hourly productivity variation of the desalinated water with daytime in 

different cases (with glazing) 

The two main factors that increased the productivities were the low water flow rate and the 

glazing. Low flow rate gave sufficient time to the water to absorb heat and evaporate. 

Thereby the glazing trapped the thermal energy and increased the temperature of the panel, 

thus increased the temperature of the water which resulted in increase in evaporation rate 
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thus producing desalinated water. The presence of glazing is manifested in the greenhouse 

effect that gives rise to evaporated water which is turned into condensate. 

 

The daily productivity of desalinated water is shown in Figures 13 and 14.  

 

Figure 13: Daily productivity in different cases without glazing 

 
Figure 14: Daily productivity in different cases with glazing 

The effect of flow rate and presence of glazing on productivity is shown in Table 4. 

It shows that reduced flow rate from 1.75 g/s to 1 g/s enhances the productivity by 5.5% 

and that the presence of glazing increases the productivity by more than 41% 
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Table 4: Comparison of daily productivity of this work with previous works 

Productivities  (ml/m
2
.day) 

Without glazing With glazing 

ṁ = 1g/s ṁ = 1.75g/s ṁ = 1g/s ṁ = 1.75g/s 

This work 2530 1927 3582 2730 

Al-Bsoul work 1741 - 3329 - 

Matar work - 1378 - 2216 

Enhancement of productivity 45.3% 39.8% 7.6% 23.2% 

 

Figures 15 and 16 show PV panel temperature variation with daytime with and without 

glazing.  

 

Figure 15: Panel temperature variation with daytime in different cases (without glazing) 

 

Figure 16: Panel temperature variation with daytime in different cases (with glazing) 
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Table 5 Shows maximum panel temperatures of this work and previous ones. 

Max.panel temp.º C Without glazing With glazing 

ṁ = 1g/s ṁ = 1.75g/s ṁ = 1g/s ṁ = 1.75g/s 

This work 59 56.1 84.2 63.4 

Al-Bsoul work 59.5 - 86.2 - 

Matar work - 70.8 - 76.7 

Panel temperature 

decrease 

0.83% 20.8% 2.3% 17.3% 

The Table shows that a maximum panel temperature of 84 
o
C is achievable, although the 

panel material is made of plastic. 

Figures 17 and 18 show the variation of theoretical and experimental electrical efficiency 

vs. daytime with and without glazing for the previous cases. 

 

Figure 17: Variation of theoretical and experimental electrical efficiency with daytime in 

different cases (without glazing) 

  

Figure 18: Variation of theoretical and experimental electrical efficiency with daytime in 

different cases (with glazing) 
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Figures 19 and 20 show the variation of theoretical and experimental overall efficiency 

with daytime in different cases. 

 

Figure 19: Variation of theoretical and experimental overall efficiency with daytime in 

different cases (without glazing) 

 

Figure 20: Variation of theoretical and experimental overall efficiency with daytime in 

different cases (with glazing) 

Both Figures indicate that the maximum overall efficiency is achievable at mid-day, 

that the maximum value of this efficiency is obtained when the device is with glazing and 

that this occures at the smallest value of flow rate, 1.0 g/s. 
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5. Conclusions 

A new concept of using a device that produces electricity, hot water and desalinated water 

was developed. This work was conducted in the collector and desalination modes, both 

with and without glazing. The system performance of this work was compared with 

previous studies and the conclusions were compared.  

In the collector mode: 

1. The maximum thermal and overall efficiencies were 79.64% and 91.82% 

respectively, obtained with glazing. The increase over the previous work was 5.4% 

and 4.7%.   

2. The percent increases in thermal and overall efficiencies with glazing over that 

without glazing were 14% and 10.5%, respectively. 

In the desalination mode: 

       1.  The highest thermal and overall efficiencies were 35.3% and 45.7% respectively,     

obtained with glazing at flow rate 1g/s. The increase over the previous work was 

9.6%. 

       2.  The highest electrical efficiency was 14.53%, obtained with glazing in place at flow 

rate of 1.75   g/s.  

        3.  The maximum panel temperature was 84.2 ºC with glazing at flow rate of 1g/s and 

the decrease over the previous work was 2.3%. 

        4.  The highest hourly productivity of desalinated water was 545.73 ml/m
2
hr, obtained 

at noon with glazing at flow rate of 1g/s. 

        5.  The highest daily productivity of desalinated water was 3582 ml/m
2
day, obtained 

with glazing at flow rate of 1g/s. 

        6. The percent increases in maximum hourly and daily productivities over the        

previous work were 21.8% and 7.6%, respectively.         

          7. Glazing generally increased thermal and overall efficiencies in addition to 

productivity, but it decreased the electrical efficiency.  
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