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As the primary basis for electricity production, fossil fuels continue to decline. Solar 

Photovoltaic (PV) can be developed by utilizing solar energy. However, solar PV has low 

efficiency due to overheating from solar irradiation. This article analyzed forced 

convection Sunwatt 50Wp solar PV water cooling to lower the PV temperature and 

increase efficiency. The heat exchanger uses a spiral and rectangular configuration 

mounted on the back of the Sunwatt 50Wp solar PV panel with water flow. Sunwatt 50Wp 

solar PV testing using a solar simulator at an intensity of 470 W/m2, 625 W/m2, 870 W/m2, 

and 1000 W/m2. The test results show a decreased working temperature on spiral cooling 

at all intensities compared to solar PV without cooling. This impacts the low-performance 

value of solar PV without cooling. The intensity of 1000 W/m2 has a high value due to the 

release of electrons from the atoms in the cell. These results impact increasing electricity 

efficiency in Sunwatt 50Wp solar PV by cooling. At high intensity, the temperature 

increases causing the ability to increase efficiency to decrease. However, water cooling can 

increase electrical efficiency because the particles are evenly distributed in the heat 

exchanger, which causes a high heat transfer rate. 
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1. INTRODUCTION

An energy-intensive environment and consumerism have 

contributed to the rapid decline of fossil fuels, which are the 

primary basis for electricity production. For 56 years, the 

average fossil energy consumption in the world has reached 

44.47 Twh and will continue to increase yearly [1]. The 

discovery of new sustainable energy sources continues to be 

developed to reduce dependence on fossil fuels. This 

encourages increased use of renewable energy on a large scale, 

such as solar. Solar is a commonly used non-conventional 

energy that is available worldwide. Development of the 

utilization of solar energy as an energy source by utilizing 

solar irradiation as a source of all types of renewable energy. 

The use of solar energy has been developed into two types 

of technology, namely solar thermal and solar photovoltaic 

(PV) [2]. Solar irradiation can be converted directly or 

indirectly into electrical energy through PV or thermal 

collectors. The primary limits of PV systems are PV efficiency 

and thermal efficiency. PV efficiency range is 10-20%, while 

thermal efficiency is 40-60% [3]. The resulting efficiency is a 

challenge, as it can decrease as the operating temperature 

increases. An increase in the operating temperature of solar 

panels can result in overheating due to excessive solar 

irradiation and high ambient temperatures [4]. 

This increase in temperature can occur due to the visible 

wavelength between 380 nm to 700 nm, which solar cells use 

to produce electricity. The energy required to make an 

electron-hole pair is insufficient for wavelengths longer than 

700 nm [5]. High energy photons are present in shorter 

wavelength radiation such as X-rays, but they can potentially 

harm photovoltaic cells through ionization reactions. 

Unwanted radiant energy from the sun is then converted into 

heat which can increase the temperature of the solar cell 

beyond the visible wavelengths [6]. This phenomenon 

increases the temperature of the PV panel, which impacts 

decreasing the efficiency of the PV panel performance. 

Therefore, the temperature of solar panels must be lowered to 

increase energy efficiency and power [7]. Temperature 

changes are influenced by environmental parameters such as 

exposure to solar irradiation, wind speed, humidity, 

atmospheric temperature, and dust [8]. 

Cooling systems developed to reduce PV operational 

temperatures are passive and active cooling [9]. Passive 

cooling does not require any other mechanical device to 

circulate the fluid [10, 11]. Active cooling methods involve 

additional external energy, such as fans and pumps, to 

circulate wind or water fluids [12]. For this reason, a 

continuous power source is needed, which has a relatively 

large ability to cool solar cells [13]. 

Active cooling has been developed, such as forced air/water, 

nanofluid, and refrigerant cooling [14]. The water fluid is 

required to flow through the system with the help of 

continuous pumping. This water circulation can use solar-

powered DC or magnetic pumps [15]. Water is circulated 

using cooling pipes installed at the top or bottom of the panel 

to lower the temperature. The waste heat of the PV module 

resulting from the absorption of excess radiation can then be 

transferred to the circulating cooler. 

Several studies have been conducted to develop cooling 

systems. Colt circulates water on the back surface using an 

aluminum radiator as a heat exchanger to extract heat from the 

photovoltaics. The results show that the photovoltaic surface 

temperature decreases by 32%, and the electricity efficiency 
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increases by 57% [16]. Kabeel et al. [17] conducted a 

comparative study of cooling techniques for PV modules with 

reflectors. Three different cooling techniques, namely forced 

air, water cooling, and forced air/water cooling combinations 

were considered in this study. Experimental results show that 

water cooling is the best option for PV modules under 

Egyptian climate conditions. Smith M. et al. used several ice 

cubes filled into a water tank to keep the water temperature as 

low as possible by flowing water over the surface of the PV 

panel, which can transfer heat to the water. This results in the 

temperature of PV panels with a water-cooling system always 

being lower than that of PV panels without a cooling water 

system. This proves that the electrical behavior of PV panels 

can be improved by 4.6% by using a water-cooling system [18]. 

In addition, Bashir, MA et al. investigated the cooling effect 

of four pre-cooled and uncooled PV modules. The two 

modules are modified by creating channels on their rear 

surface with inlets and outlets for water flow. The average 

uncooled c-Si and p-Si module temperatures were 13.6% and 

7.2% lower than those of the same module without cooling. 

The average electrical efficiency of the c-Si and p-Si modules 

is 13% and 6.2% higher, respectively, compared to the 

uncooled module [3]. Using air as a coolant was found to 

reduce solar cell temperature by 4.7℃ and increase solar panel 

efficiency by 2.6%, while using water as a coolant reduced 

solar cell temperature by 8℃ and panel efficiency by 3%. 

Therefore, water cooling was more effective than air cooling 

[19]. 

Adnan has simulated using various heat exchanger 

configurations direct flow, oscillatory flow, serpentine flow, 

web flow, spiral flow, parallel serpentine flow, and modified 

serpentine-parallel flow in hybrid PV/T applications. Based on 

the simulation, the spiral flow design has the highest thermal 

efficiency of 50.12% with a PV cell efficiency of 14.98% [20]. 

Deshmukh, applying a spiral flow heat exchanger to PV/T. As 

a result, the operating temperature of the PV module is reduced 

by 18% compared to the uncooled module. At solar radiation 

of 892 W/m2 and mass flow rate of water of 0.042 kg/s, the PV 

efficiency is 12.9%, and the combined PV/T efficiency is 

68.2% [21]. An oscillatory heat exchanger configuration 

embedded in the ground is used by MN R et al. to cool the 

panels during the day. As a result, the surface temperature of 

the PV during the day decreases by about 8°C, and the 

efficiency increases by 10% [22]. A similar study was 

conducted by Al-Waeli et al. by choosing an oscillatory heat 

exchanger configuration to improve PV performance. PV 

generated current increased from 3.69 A to 4.04 A, and 

electricity efficiency increased from 8.07% to 13.32% [23]. 

Based on various studies that have analyzed the configuration 

of the heat exchanger, it can be seen that the spiral 

configuration with a rectangular profile has better performance 

than the other types. However, various researchers have 

revealed that the oscillator configuration also has good 

performance as a heat exchanger. However, this study uses an 

oscillator configuration with a circular cross-section. In this 

study, heat exchangers with spiral and oscillator 

configurations were compared with the same rectangular 

cross-section to find out which configuration has the best 

performance as a heat exchanger in solar PV applications. 

This article discusses the development of fixed-flow forced 

convection cooling by developing a heat exchanger 

configuration. The pipes used are rectangular and spiral 

configurations with a rectangular cross-section. Pipes with 

rectangular cross-sections have superior heat transfer 

capability and durability compared to circular cross-sections 

[24]. Besides that, spiral and rectangular tube configurations 

have better heat transfer capabilities than straight 

configurations [25, 26]. Cooling is placed on the back of the 

panel to maximize higher cooling performance [16, 27]. Tests 

were carried out with different light intensities 470W/m2, 625 

W/m2, 870 W/m2, and 1000 W/m2 to measure the ability to 

reduce the temperature at high work intensities [28]. 

 

 

2. METHODS 
 

2.1 Experimental set-up investigation 

 

2.1.1 Tools and materials 

Water is used as the cooling fluid, in this case, flowing using 

two types of heat exchanger configurations rectangular tube 

and rectangular spiral. The properties of water will be 

presented in Table 1 below. Furthermore, the solar panel used 

in this study is Sunwatt 50Wp, with the specifications shown 

in Table 2 below. 

 

Table 1. Properties of the water 

 
Parameters of water 

Specific Heat 4179 J/kg.K 

Thermal Conductivity 0.6244 W/m.K 

Density 990.2 kg/m3 

 

Table 2. Specifications of Sunwatt 50Wp photovoltaic panels 

 
Parameters Specifications 

Solar panels Polycrystalline 

Open-circuit voltage (Voc) 18.0 Volts 

Short-circuit current (Isc) 2.77 A 

Maximum power (Pmpp) 50 Wp 

Efficiency 17.6% 

Operating module temperature -40 to 85℃ 

Dimensions 
670mm x 530mm x 30mm (4.23 

kg) 

Irradiance and Cell 1000W/m2 

 

In the developed cooling system, the pipe used as a path for 

water flow has a rectangular spiral shape and a rectangular 

tube, as shown in Figure 1. The cooling pipe is made of 

stainless steel with a total length of 4.61 m, a cross-sectional 

area of 0.03 x 0.015 m, and a thickness of 0.001 m, with 

physical properties as shown in Table 3. 

 

Table 3. Physical properties of stainless steel [29-31] 

 
Parameters Specifications 

Specific heat 507 J/kg.K 

Thermal conductivity 16.27-20 W/m.K 

Density 7800-7940 kg/m3 

 

An experimental setup has been developed to study the 

effect of water cooling on the performance of a solar 

photovoltaic (PV) power plant. Sunwatt 50Wp solar PV 

installed at Universitas Sebelas Maret in Central Java, 

Indonesia. A heat exchanger with a rectangular tube and 

rectangular spiral configuration is installed at the bottom of the 

solar panel [32]. A solar simulator replaces the intensity of 

solar irradiation to get actual working conditions. This was 

done because of the limitations of outdoor testing, such as 

unpredictable weather conditions. Halogen lamps were chosen 
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for use with this solar simulator because they are reliable, 

inexpensive, and readily available. The solar simulator is 

designed for a panel capacity of 50 Wp with an effective area 

of 16% and a non-uniformity of 2.61% [33]. Measurement and 

storage of panel temperature data using a K-type thermocouple 

with a data logger (Labjack-U6, US). Sensors are located at 

the top and bottom of the panel, inlet, and outlet. Measure the 

pressure difference using a Dwyer 490 digital manometer 

mounted on the inlet and outlet channels. The flowmeter is 

installed on the inlet pipe. Solar irradiation was measured with 

a Lutron SPM-1116SD solar meter [34]. The experimental 

setup carried out in this study can be shown in Figure 2. 

(a) 

(b) 

Figure 1. Cooling pipe (a) rectangular tube and (b) 

rectangular spiral and (in mm) 

Figure 2. Experiment setup 

2.2 Performance analysis parameters 

The energy balance equation determines the thermal energy 

exchange or heat transfer rate (�̇�) on the waterside, which can 

be expressed as Eq. (1). 

�̇� = �̇�. 𝐶𝑝. (𝑇𝑒 − 𝑇𝑖) (1) 

where, �̇� is the mass flow rate, 𝑇𝑖  and 𝑇𝑒  are the average fluid

temperatures at the inlet and outlet of the pipe. In an active 

cooling system, there is forced convection heat transfer which 

can be defined as Eq. (2) below, 

�̇� = ℎ. 𝐴𝑠. (∆𝑇𝑙𝑚𝑡𝑑) (2) 

Moreover, ℎ is the heat transfer coefficient, 𝐴𝑠 is the pipe

surface area, ∆𝑇𝑙𝑚𝑡𝑑  is the logarithmic mean temperature 

difference. To find the value of the heat transfer coefficient (ℎ) 

can use Eq. (3) below [35]. 

ℎ. 𝐴𝑠. (∆𝑇𝑙𝑚𝑡𝑑) = �̇�. 𝐶𝑝. (𝑇𝑒 − 𝑇𝑖) (3) 

The temperature at the inlet and outlet lines must be 

calculated carefully. For the flow in the heat exchanger, the 

∆𝑇𝑙𝑚𝑡𝑑 can be calculated from Eq. (4). 

∆𝑇𝑙𝑚𝑡𝑑 =
𝑇𝑖 − 𝑇𝑒

ln[(𝑇𝑠 − 𝑇𝑒)/(𝑇𝑠 − 𝑇𝑖)]
=

∆𝑇𝑒 − ∆𝑇𝑖

ln (
∆𝑇𝑒
∆𝑇𝑖

)
(4) 

Energy efficiency (𝜂) is the ratio of the maximum power 

(𝑃𝑀𝑃𝑃) to the power from solar radiation received by solar cells

(𝐼𝑙𝑖𝑔ℎ𝑡). At the same time, the power of solar radiation (𝐼𝑙𝑖𝑔ℎ𝑡)

is obtained from the multiplication of the intensity of sunlight 

(𝐼𝑟𝑎𝑑) to the active area of the solar cell (𝐴). The value of the

electrical efficiency of photovoltaic cells is inversely 

proportional to the significant increase in the operating 

temperature of the cell during the absorption of solar radiation 

[10]. In this case, the energy efficiency is written by Eqns. (5) 

and (6) as follows [36]. 
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𝜂𝑒𝑙𝑐𝑡𝑟𝑖𝑐𝑎𝑙  =
𝑃𝑀𝑃𝑃

𝐼𝑙𝑖𝑔ℎ𝑡  
=

𝐼𝑆𝐶 × 𝑉𝑂𝐶 × 𝐹𝐹

𝐼𝑟𝑎𝑑 × 𝐴
 (5) 

 

𝜂𝑡ℎ𝑒𝑟𝑚𝑎𝑙  =
𝑚 × 𝐶𝑝 × ∆𝑇

𝐼𝑟𝑎𝑑 × 𝐴
 (6) 

 

 

3. RESULTS AND DISCUSSION 
 

3.1 The analysis of the temperature change 

 

Solar PV working temperature is affected by many factors, 

including light intensity. Figure 3 shows a graph of working 

temperature against increasing light intensity. Temperature 

sensors are installed at the top and bottom of the solar panel to 

take the average. The graph shows that the working 

temperature when the intensity is 470 W/m2 is lower than 

when the intensity is 1000 W/m2. This is because an increase 

in light intensity will increase the working temperature of the 

Sunwatt 50Wp solar PV [37]. 

 

 
 

Figure 3. The graph of temperature changes 
 

Sunwatt 50Wp solar PV without cooling shows a high 

working temperature compared to Sunwatt 50Wp solar PV 
with rectangular tubes and rectangular spiral water cooling. At 

an intensity of 1000 W/m2, the solar panel's temperature 

without cooling is 58℃. After being given cooling using a 

rectangular tube and rectangular spiral configuration, the 

temperature decreased to 57.4℃ and 56.6℃. In this case, it 

can be seen that cooling with a rectangular spiral shows a 

lower working temperature [38]. Using the cooling channel, as 

the water temperature increases, the temperature difference 

between the cooling channel and the water becomes smaller, 

so the heat transfer drops sharply. 

 

3.2 Comparison of power of spiral rectangular and 

rectangular tube configurations 

 

The test results on the generated power show that Sunwatt 

50Wp solar PV without cooling has a lower performance value 

than rectangular tube and rectangular spiral cooling. This 

value occurs at all light intensities tested. Figure 4 shows a 

graph of the different types of cooling on performance with 

variations in light intensity. The overall intensity shows that 

the spiral shows the highest value for all intensity variations. 

When the solar panel temperature increases, the output 

power will decrease. The output power will increase if the light 

intensity increase [39]. Light intensity affects the output power 

of a solar cell in two ways: first, the stronger the light, the more 

photons hit the cell, and second, the photons must have 

sufficient energy to dislodge electrons from atoms in the cell. 

The number of photons hitting the cell increases with the 

light's intensity, but the light's wavelength determines the 

energy of the photons. Photons with too little energy will not 

knock electrons away, and photons with too much energy will 

not be absorbed by the solar cell. There comes the point where 

increasing light intensity does not increase power output. This 

is known as the saturation point. Once a solar cell reaches its 

saturation point, increasing the light intensity will not increase 

the power output. 

 

 
 

Figure 4. Power changes in solar panels 

 
 

3.3 Sunwatt 50Wp solar PV performance analysis 

 

Figures 5 and 6 show the open circuit voltage (Voc) 

relationship to short-circuit current (Isc) and maximum power 

at 1000 W/m2 irradiation. From the two charts, we can see that 

the three lines have almost the same pattern. When the 

irradiation increases, the open circuit voltage also increases. 

The voltage generated by solar panels without cooling and 

water cooling with rectangular tubes and rectangular spirals 

are 21.5V, 22V, and 21.9V, respectively. Under the same 

conditions, the current generated by solar panels is 2.16A, 

2.19A, and 2.2A. Sunwatt 50Wp solar PV without cooling 

generates lower voltages and currents than water-cooled 

panels. This is related to the project objective whereby when 

the irradiation is high, the ambient temperature also increases, 

and the panels overheat to the point where they are insufficient 

to convert energy. More than that, the current and voltage 

output of the solar panels will affect the maximum power 

generated. 

 

 
 

Figure 5. Graph of current-voltage 
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Figure 6. Graph of power-voltage 

 

3.4 Efficiency 

 

The test results in Figures 7 and 8 show an increase in 

electrical efficiency in Sunwatt 50Wp solar PV panels that use 

cooling. These results increased at all tested light intensities. 

 

 
 

Figure 7. Electrical efficiency 

 

 
 

Figure 8. Thermal efficiency 

 

Solar panel efficiency is related to the panel temperature. At 

an intensity of 1000W/m2, the Sunwatt 50Wp solar PV without 

cooling achieves an electricity efficiency of 10.4%. The 

electrical efficiency of solar panels with rectangular tubes and 

rectangular water-cooling configurations is 10.7% and 11.3%. 

Thermal efficiency at the same test conditions reached 32% 

and 33.6%. Sunwatt 50Wp solar PV with water-cooled spiral 

configurations produce the highest electrical and thermal 

efficiency because they have lower temperatures than the other 

two test conditions. The addition of cooling channels under the 

solar panels will absorb heat from them [3]. Electrical 

efficiency will increase when the panel temperature is lower 

in conditions of higher intensity. At the same time, the thermal 

efficiency will increase when the temperature at the outlet 

increases because it absorbs more heat from the solar panels. 

 

 

4. CONCLUSION 

 

Various cooling methods for solar PV have been developed 

to increase efficiency, including forced convection using fluid 

media such as water. In this case, the heat exchanger 

configuration becomes one of the determining aspects of the 

resulting cooling performance. In this study, heat exchangers 

with rectangular and spiral rectangular tube configurations 

were identified in the convection cooling method using water 

fluid in solar PV panels. Based on the results that have been 

obtained, several things are obtained as follows: 

• Increasing the intensity of sunlight affects the working 

temperature of solar PV. The higher intensity will also 

increase the working temperature. At an intensity of 

1000W/m2, the spiral rectangular tube configuration has 

better cooling performance than the rectangular tube, 

which can reduce the working temperature of solar PV to 

56.6℃. 

• The convection cooling method using a water fluid with a 

rectangular tube configuration is capable of producing the 

highest voltage output at an intensity of 1000W/m2, which 

is equal to 22V, while the spiral rectangular tube has the 

highest current output generated at the same intensity, 

which is equal to, 2.2A. 

• However, the spiral rectangular tube configuration has the 

highest power increase compared to the rectangular tube, 

which reaches 39,5 Watts at an intensity of 1000W/m2. 

• In addition, the spiral rectangular tube configuration can 

produce the highest energy efficiency value at an intensity 

of 1000W/m2, 11.3%, and a thermal efficiency value of 

33.6%. 
Based on these results, the convection cooling method on 

solar PV panels using water fluid with a spiral rectangular tube 

configuration shows better results than the rectangular tube 

configuration. This is because the spiral rectangular tube 

configuration can absorb heat better, so it can lower the solar 

PV temperature more and maximize the resulting energy and 

thermal efficiency values. 
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NOMENCLATURE 

 

�̇� Heat transfer rate (J/s) 

�̇� Mass flow rate (kg/s) 

𝐶𝑝 Specific heat (J/kg.K) 

ℎ Heat transfer coefficient (W/m2.K) 

𝑇𝑒 Outlet pipe temperature (℃) 

𝑇𝑖  Inlet pipe temperature (℃) 

𝑇𝑆 The surface temperature of solar PV panel (℃) 

∆𝑇 The difference in fluid temperature at the outlet 

and inlet pipe (℃) 

∆𝑇𝑙𝑚𝑡𝑑 The logarithmic mean temperature difference 

𝐴 The active area of the solar cell (m2) 

𝐴𝑠 Pipe surface area (m2) 

𝐼𝑙𝑖𝑔ℎ𝑡  Power of solar radiation (W/m2) 

𝐼𝑟𝑎𝑑  The intensity of sunlight (W/m2) 

𝐼𝑆𝐶  Short-circuit current (Ampere) 

𝑉𝑂𝐶  Open circuit voltage (Volt) 

𝐹𝐹 Fill Factor 

𝑃𝑀𝑃𝑃 Maximum power (Watt) 

𝜂𝑒𝑙𝑐𝑡𝑟𝑖𝑐𝑎𝑙  Electrical efficiency (%) 

𝜂𝑡ℎ𝑒𝑟𝑚𝑎𝑙  Thermal efficiency (%) 

𝜂 Energy efficiency (%) 
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