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Abstract. A photovoltaic Trombe wall is well known for its ability to supply the building with thermal and electrical energy at the 

same time. The increase in the temperature of the solar panels leads to a decrease in electrical efficiency. The use of  DC fans and 

water as a medium for cooling the panels improved thermal and electrical efficiency and enhanced the comfort conditions inside 

the building. The results showed that the Trombe wall with DC fans could reduce the demand for the rudder by Increasing the 

heat inside the building, as it reached the highest thermal efficiency at 37.5%. As for the system equipped with a heat exchanger 

recorded the highest electrical efficiency of 14%. Finally, the results showed that the use of DC fans improves the overall efficiency 

of the photovoltaic Trombe wall system.  
Keywords: PV/Trombe wall; Performance; DC Fan; Effect; Water.   

1-Introduction:  

              A significant increase in energy consumption 

has been observed in recent years due to the 

increasing population worldwide. Therefore, the 

interest in solar energy has begun greatly, and it is 

considered clean energy and reduces environmental 

pollution and global warming[1]. Solar energy was the 

optimum solution provided by scientists to address 

the energy crisis around the world[2][3]. Using solar 

energy to generate electric power has become an 

important issue because of recent renewable energy 

regulation laws[4]. According to statistics, humans 

spend 90% of their lives indoors, so providing 

comfortable conditions for these residents is 

critical[5]. Photovoltaic cells convert sunlight into 

electrical energy as the temperature of photovoltaic 

panels increases in hot climates, especially in the 

eastern region, which is one of the most important 

disadvantages[6]. The increase in temperature of the 

solar cells reduces their electrical efficiency[7]. 

Currently, renewable energy is the most widely used 

way to reduce energy consumption in buildings and 

improve the indoor environment[8]. A Trombe wall 

reduces energy consumption in buildings and is a 

passive solar  system that converts solar energy 

into thermal energy and electrical energy[9]. 

Trombe wall in its traditional form consists of a 

glass layer, an airflow duct, and a black painted 

wall facing south, as shown in Fig. (1) [10][11]. 

In recent years, photovoltaic panels have been 

used in the south facade, and the new design is 

called Photovoltaic Trombe Wall[12]. This 

technology increases the aesthetic of the 

building, generates electrical energy, and 

increases   

  

Fig. (1) The fundamental design of a PV Trombe wall.  

https://doi.org/10.56286/ntujre.v2i1
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NOMENCLATURES  

  

                The  area of a photovoltaic panel [m2]  

              Duct area [m2]  

Aout                 The area of the upper vent [m2]  

Ain                   The area of the lower vent [m2]  

              The heat capacity of air [J/kg.K] DH                   

Hydraulic duct diameter [m] g                     

Gravitational acceleration [m/s2] H                     Duct 

Height [m]  

MPC               Maximum Power Current [A]  

 VMP             Voltage of Maximum Power [V]  

VOC               Voltage in an open circuit [V]  

Isc                   Short Circuit Current [A]  

PV                  Photopholtaic   

I                      Current [A]    

Isolar                The amount of solar radiation [W/m2]                

A flow rate of mass air [kg/s] Pconsumed         Consumed 

energy [W]      Net electric power [W]   

Qu                             Gain of heat [W]    

         The temperature of duct outlet air [K].  

            The temperature of duct inlet air [K].  

V                      Voltage [V]  

                Inside the duct, air velocity [m/s]  

                     Coefficient of volumetric expansion  

[1/K]  

                 The density of the air [kg/m3]  

       Thermal efficiency  [%]  

    Electrical efficiency  [%] ηtotal                

Total efficiency [%]  

                 the friction loss factor  

              the resistance factor of the air inlet  

         the resistance factor of the air outlet  

  

thermal comfort inside the building[13]. [13]. In this system, 

the thickness of the wall is increased to meet the 

requirements of excessive thermal loads, as the heat is 

stored inside the wall for the longest possible period[14]. 

This heat energy is transmitted through the wall 

surface[15][16]. Then the heat is transmitted to the building 

through convection and radiation[17]. A PV Trombe wall 

system is affected by several factors; these factors must be 

taken into account when designing the system. Ji et al.[16] 

Analyzing the thermal and electrical performance of the PV 

Trombe wall for buildings, the results showed an 

increase in room temperature when the width of the 

PV Trombe wall system was increased. Sun et al.[18] A 

test was conducted on the PV Trombe wall, and a 

building with a south-facing window, where the 

thermal efficiency of the south-facing building was 

higher, while the efficiency of the PV Trombe wall was 

27%, and the electrical efficiency was less effective, 

reaching 11.6%. Ji J. et al.[19] Use DC fans with a 

photoelectric Trombe wall. Then they conducted 

theoretical analysis and experimental work on the 

system. It was found that the use of DC fans improves 

thermal comfort inside the building and reduces the 

temperature of solar panels. Feng et al.[20] Use fresh 

air and a heat exchanger for the photovoltaic Trombe 

wall system. Note the improvement of comfort 

conditions inside the building and provide the building 

with warm water. Othman et al. [21] He conducted an 

experimental study of the electrical and thermal 

efficiency of the photovoltaic Trombe wall system 

using water and air. The results showed that the 

highest electrical and thermal efficiency was 17% and 

76%, respectively. In the summer, the ventilated 

photovoltaic Trombe wall system is idle, but in the 

winter, the photovoltaic Trombe wall system, which 

uses water, faces the problem of freezing water, so it 

was proposed to use ventilation in the winter season 

and use water in other seasons[22]. Dehra. [23] 

Studied the energy performance of the photovoltaic 

Trombe wall to evaluate ventilation systems equipped 

with a DC fan. The results showed that the highest 

thermal and electrical efficiency was 37% and 31.4% of 

the system equipped with a DC fan. Jie et al.[24] 

verification of the effect of the DC fan when the use of 

the fan reduces the temperature of the photovoltaic 

panels to 1.28oC, while the room temperature is 

increased to 0.5oC. In this study, the PV Trombe wall 

was designed and installed. The experiments were 

conducted in December and January for a full day to 

show the effect of the experimental parameters on the 

electrical and thermal performance.  

  

2- Methodology  

         The experimental work was conducted in the 

city of Hawija, northern Iraq (35.19oN, 43.46oE) 

under different operating conditions. The 
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experimental data were recorded from 8 am to 4 p.m. For 

the months of December and January. At level 3, the 

practical work was described; at level 4, the mathematical 

model was presented. At level 5, the results were clarified 

and interpreted, while at level 6 and the last, conclusions 

were presented.  

  

3- Experimental work  

          In this study, two test models were built on knowing 

the effect of experimental parameters on the thermal and 

electrical performance of the photoelectric Trombe wall in 

Winter. Figure 2 shows the design of the PV Trombe wall 

system from the outside to the inside. The system consists of 

a photovoltaic panel, a heat exchanger, an airflow duct, DC 

fans, and an experimental room comprised of the following 

dimensions 1.25 m wide, 1.25 m deep, and 2 m in height. 

Figure 3 shows the different operating modes of the system. 

Figure (3 - a) shows the air-cooled only model, while 

Figure (3- b) shows the water-cooled only model. The 

fans cool the solar panels and remove heat from the 

panels by drawing heat and transferring it to the test 

room, improving comfort conditions in Winter, where 

the fan operates   

at a flow rate of 3 m/s. While the other model 

contains a heat exchanger in which the heat 

exchanger is installed at the back of the solar panel, 

the heat exchanger is used to cool the solar panels by 

drawing the heat generated from the solar panel and 

heating the water flowing inside the heat exchanger 

and benefiting from it for domestic use. The 

dimensions of the heat exchanger are shown in 

Figure 4. Solar panels installed to the south receive 

solar radiation to generate electricity. Table 1 shows 

the advantages of the photovoltaic panel.  

  

   
Fig. (2) The test room's experimental appearance.  

  
Table 1 Specification of solar cell  

  

Parameters  Unit  Parameters  Unit  

Operating Temperature  25 oC  Maximum power under normal 

conditions  
150 W  

Mpc  8.38 A  Isc  8.81 A  

Voc  22.4 V  Dimensions (mm)  1.48*0.68 * 0.035 m  

Vmp  17.9 V  PV Type  Polycrystalline  
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 ( a ) Cooled only by air  ( b ) Cooled only by water  

     

Fig. (3) The system's schematic diagram  

  

          
Fig. (4) schematic diagram of a heat exchanger  

To evaluate the thermal 

performance of the system. 

Sensors were used to measure 

the temperature on the front face of the 

photovoltaic panel. The air duct 

temperature, the experimental room 

temperature, water inlet, and outlet 

temperature were also measured. A 

weather station also measured ambient 

parameters (Davis vantage pro 2). Sensors 

were used to measure voltage and current. 

A battery was also used to store the 

electricity produced by the photovoltaic 

panel. Use an MPPT device to control the 

electrical output. A water pump operating at 

a flow rate of 0.18 liters/hour and an 

external water tank was used.  Table 2 shows 

the characteristics of the DC fan and water 

pump. Table 3 shows the accuracy of the 

measurement tools used in the experiment.  

  

Table 2 Characteristics of the fan and 

pump  

  

Parameters  DC Fan  Pump  

Model  SDF8025M12S  JT-500  

Input Voltage  12V  6-12V  

Input Current  1.68W  17W  

Flow Rate  3 m/s  110 L/H  

  



 Abdullah A. et. al. /NTU Journal of Renewable Energy (2022) 2 (1): 61-70 

65  
  

Table 3  The accuracy of the devices used in 

the measurement  

Equipment  Measurement  Error  

Sensor JQC-3ffs-z  Electrical power  ±(0.8%)  

Sensor  JQC 3ff-

s-z  

Current Voltage  ±(0.5%)  

Sensor 

DS18B20  

Temperature  ± (0.5 oC)  

Rotameter  The mass flow rate of 

water   

± (3%)  

Davis vantage 

pro 2  

Solar radiation  (±10 

W/m2)  

  

4-Mathematical model development  

          In this paper, the daily performance of 

the photovoltaic Trombe wall system was 

evaluated, and the thermal efficiency of the 

system was calculated as follows[25].  

                            
(1)  

The following equation yields the air mass flow 

rate:  

                                                      
(2)  

The air flow velocity in the air duct can be 

calculated as follows The first method When 

DC fans are not used, the air velocity is given 

by the following equation [26].  

                                    
(3)  

  

  

The second method, if the fans are working, 

calculate the airspeed from the following 

equation [27].  

                                                                                           
(7)  

The  following  equation 

 gives  the  overall 

efficiency[29].  

                                                                       

(8)  

  

5- Results and discussion:  

  

5-1 System temperature  

          Fig. (5) shows the variation in 

ambient temperature. Fig. (6) shows the 

temperature change of solar panels for 

the PV Trombe wall system using air and 

water cooling. Experimental results 

showed a gradual  rise  in 

 temperature  during  the 

 day depending on the intensity of 

solar radiation. The cooling methods 

used show a temperature low if only the 

heat exchanger is used or the DC fans 

and heat exchanger are used together. 

The highest rise in the temperature of 

the solar panels was recorded in the 

absence of any cooling method, and the 

maximum temperature was 46oC at 12 

p.m. In contrast, the lowest rise in the 

temperature of the solar panels was 

recorded using the heat exchanger 

(water-cooling)  only,  where 

 the  temperature reached a 

maximum of 28oC at 12 p.m.  

          Fig. (7) shows the temperature duct and the 

effectiveness of different cooling methods on the  

airway. We note that the temperature rises in the  

                                                             

absence of any cooling way. The 

maximum temperature reached 44oC 

at 12 p.m. while cooling with water 

showed an apparent effect on the 

airway temperature, where the 

temperature decreased significantly 

and reached 26oC at 1 p.m.           Fig. (8) 

shows the temperature change and the 

effect of different cooling methods on 

the room temperature. Experimental 

results show a decrease in the 

temperature in the first morning hour 

to  
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below zero Celsius. The temperature begins to 

rise 
              gradually due to the increase in the intensity of solar  

(4) radiation. The presence of DC fans led to the rise in  

The thermal efficiency of a PV panel that is cooled by the temperature inside the experimental room, both water and 

air can be calculated using the which improved the comfort conditions inside the equation below[27]:  

room. The highest temperature inside the room was 

recorded at 31oC at 2 p.m in the case of using DC fans. In comparison, the lowest rise in the                                       (5) 

 experimental room temperature was 20oC at 2 p.m The electrical efficiency is given by [28]  in the case of 

using water cooling only.  

  

  

  
Fig. (5) Variation in ocean temperature  

  

  
Fig. (6) Variation in solar cell temperature for four experimental days.  
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Fig. (7) Variation in airway temperature for four experimental days.  

  

  
Fig. (8) Variation in room temperature for four experimental days. 5-2 

System efficiency  

           Fig. (9- 01- 10) shows the thermal, electrical, 

and total efficiency of the photovoltaic Trombe wall 

system. The experimental results showed a gradual 

increase in thermal efficiency during the day in all 

different operating conditions due to the rise in the 

intensity of solar radiation. The presence of DC fans 

helped increase thermal efficiency. The increase in 

thermal efficiency when using DC fans was only 

4.12%. When using DC fans with water cooling, the 

increase in thermal efficiency was 3.67%.  The 

presence of water cooling reduced the thermal 

efficiency Because part of the heat gained from the 

solar cell is transferred to the heat exchanger. As for 

electrical efficiency, it improved during the day. The 

use of water cooling led to an improvement in 

electrical efficiency. The increase in electrical 

efficiency in the case of using water cooling only 

compared to not using any cooling method was 0.9%. 

When using water cooling with DC fans, the increase 
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in efficiency amounted to 0.6%, compared to the case 

of using DC fans only.  

  

 
Fig. (9) Thermal Efficiency of PV Trombe Wall System  

  

 
Fig. (01) Electrical Efficiency of PV Trombe Wall System.  

  

 
Fig. (10) Total Efficiency of PV Trombe Wall System.  

6- Conclusion:  

          This article assesses the performance of the 

photovoltaic Trombe wall by studying the operating 

conditions and knowing their effect on electrical and 

thermal efficiency.  

1- The presence of DC fans increases thermal 

efficiency and improves comfort inside the 
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building, as the fans reduce the solar panel's 

temperature.  

2- The heat exchanger is used to heat water for 

domestic use and cool the solar panel to increase 

electrical efficiency.  

3- The high thermal efficiency of the system was 

recorded at 37.5% when the medium used for 

cooling was DC fans.  

4- The highest electrical efficiency of the system was 

recorded at 14% when the medium used for 

cooling was water.  
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