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Abstract - A numerical model based upon the energy conversion equations and heat transfer mechanisms of magnetized 

nanofluids taking place during PV-Thermal solar collector and absorption system, PV cell and the heat transfer fluid flowing in 

thermal tubes welded in the back of the PV panel and heat exchangers of the absorption system.  is presented”. This permitted 

the prediction of the electrical power output of the PV panel, thermal energy generated, and the characteristics of the water-

based nanofluids in terms of solar radiation, different nanofluids, and other system geometry parameters.” The presented model 

compared fairly with experimental data with reasonable discrepancy. Radiation higher solar radiations have a significant impact 

on heat transfer fluid flow rates; however, low solar radiations increase the nanofluid-based CuO heat transfer flow rates over 

the water-based ones. Also, it has been shown that the higher the concentration of the magnetized nanofluid CuO, the higher the 

generator's thermal energy input compared to the heat transfer fluid-based water and the coefficient of performance of the 

absorption system. Finally, the model results in question are compared fairly with available experimental data. 

 

Keywords - Analysis, solar PV-Thermal, Absorption Chiller, CuO Nanofluid, Solar collectors (PVT). 

 

1. Introduction 
The International Energy Agency (IEA) reports that the 

global energy required for space cooling applications will 

increase three-fold by 2050 [1-3].  Solar thermal energy-

driven systems for space cooling and refrigeration 

applications help reduce fossil fuel consumption, reduce their 

associated greenhouse gas (GHG) emissions and combat 

climate change. Using the Lithium-Bromide and water-driven 

absorption refrigeration cycle not only helps minimise fossil 

fuel usage but also reduces CO2 gas emission and utilizes the 

low-grade waste heat from various industries. However, Solar 

cooling systems are environmentally friendly compared to 

conventional cooling systems and are important technology to 

reduce emissions and combat climate change.  Therefore, the 

concept presented hereby is more advantageous as it uses the 

solar energy photovoltaic-thermal solar collectors (PV-

Thermal) as a driver to the absorption process, thus 

dramatically reducing the carbon footprint and helping to 

combat climate change. 

 

Many researchers have focused on solar cooling systems, 

and different types of solar thermal cooling systems have been 

reviewed [2-10]. In particular, Alili et al. [6] presented a 

complete review of solar thermal air conditioning 

technologies. They reported several research outcomes on 

working fluid temperature, solar collector type, collector area, 

storage volume, and COP values. The authors [6] evaluated 

the different research work related to conditions such as the 

temperature of evaporators, condensers, and generators on 

experimental and simulation levels.  

 

Absorption papers focusing on solar cooling absorption 

technology are scarce; however, Zhai, Qu et al. [11] provided 

an excellent literature review of solar cooling absorption 

systems but only included CPVT with single absorption 

chillers. Raja and Shanmugam [12] also reviewed solar 

absorption systems and discussed auxiliary components 

typically used in the systems, such as backup heating and 

some solar collector types. Different types of absorption solar 

cooling systems that include single-effect, double-effect, and 

half-effect absorption cycles have also been reported in the 

review papers [13-15].  

 

The integration of the PV solar panels and a thin tube heat 

exchanger collector (CF Figure 1), known as a 

photovoltaic/thermal collector (PV/T), has been proposed by 

many researchers. This integration has led to a higher solar 

energy utilization efficiency [18-23]. 

 

Nanofluids have excellent thermal conductivity [8–27] 

and have been applied as working fluids in traditional thermal 

applications to enhance thermal performance. “Consequently, 

the efficiency of commercial solar PV solar panels is up to 

15%, and most incoming solar radiation energy is either 

http://www.internationaljournalssrg.org/
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http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dr.ssami@transpacenergy.com


S. Sami / IJTE, 10(1), 1-10, 2024 

 

2 

absorbed or reflected, and significant excess heat is dissipated 

and wasted. To improve the efficiency of solar PVs, the novel 

concept of a photovoltaic–thermal solar panel hybrid system 

using nanofluids has been developed” [19–28].  

 
Fig. 1 PV -Thermal solar collector [18]. 

 

2. Numerical Modeling 
2.1. PV Model 

The solar photovoltaic panel is constructed of various 

modules, and each module consists of arrays and cells.  The 

dynamic Current output can be obtained as follows [10-27]; 

  

𝐼𝑃 = 𝐼𝐿 − 𝐼𝑜 [𝑒𝑥𝑝 (
𝑞(𝑉+𝐼𝑃𝑅𝑆)

𝐴𝑘𝑇𝐶
−

𝑉+𝐼𝑃𝑅𝑆

𝑅𝑠ℎ
)]    (1) 

Ip: Output current of the Pv module 

IL: Light-generated current per module 

Io: Reverse saturation current per module 

V: Terminal voltage per module 

Rs: Diode series resistance per module 

Rsh: Diode shunt resistance per module 

q: Electric charge 

k: The Boltzmann constant  

A: Diode ideality factor for the module 

 

The AC power of the inverter output P(t) is calculated 

using the inverter efficiency 𝜂𝑖𝑛𝑣 , output voltage between 

phases, neutral 𝑉𝑓𝑛 , and for single-phase Current 𝐼𝑜 and 𝑐𝑜𝑠φ 

as follows. 

 

 𝑃(𝑡) = √3 𝜂𝑖𝑛𝑣𝑉𝑓𝑛𝐼𝑜 𝑐𝑜𝑠φ    (2) 

 

Interested readers in the detailed calculations of the 

different terms of the above equation are advised to consult 

references [17-23]. 

 

2.2. PV-Thermal Model 

It is assumed in this model that all PV cells behave the 

same; therefore, this model can be applied to the whole PV 

solar panel. This model is an extension of the work presented 

by Sami and Campoverde [17] in which the thermal heat 

absorbed by the PV solar cell can be calculated by the 

following equation. 

𝑄𝑖𝑛 = 𝛼𝑎𝑏𝑠𝐺𝑆𝑝         (3) 

Where. 

αabs: Overall absorption coefficient 

G: Total Solar radiation incident on the PV module 

Sp: Total area of the PV module 

 

Meanwhile, the PV cell Temperature is computed from 

the following heat balance as per Sami and Martin [18]. 

 

𝑚𝐶𝑝_ 𝑚𝑜𝑑 𝑢𝑙𝑒
𝑑𝑇𝐶

𝑑𝑡
= 𝑄𝑖𝑛 − 𝑄𝑐𝑜𝑛𝑣 − 𝑄𝑒𝑙𝑒𝑐𝑡            (4) 

 

Where. 

TC: PV Cell Temperature 

mCp_module: Thermal capacity of the PV module 

t: time 

Qin: Energy received due to solar irradiation,  

Qconv: Energy loss due to Convection 

Qelect: Electrical power generated.  

 

Interested readers in the detailed calculations of the 

different terms of the above equation are advised to consult 

references [17-23]. 

 

2.2. Absorption Chiller Analysis 

The absorption chiller is driven by a heat source supplied 

by the PV Thermal solar collector and is defined as [3, 16]: 

 

QG = cp mG (TG, in − TG, out)              (5) 

Where. 

QG (kW) is the thermal power of the generator, mG(kg/s) 

is the mass flow of the 

generator, and TG, in and TG, out (K) are the inlet and 

outlet temperatures of the generator. 

The cooling capacity of the chilled water from the 

absorption chiller is shown as: 

 

QE = cp mE(TE,out − TE,in)            (6) 

Where. 

QE (kW) is the refrigerating capacity of the 

evaporator, TE, in, and TE out (K) is the inlet and outlet 

temperatures of the evaporator, and mE (kg/s) is the mass 

flow of the evaporator. 

 

The following formula shows the calculation of the 

COP and exergy efficiency: 

 

COPac =QE/(QG + Wac)  (7) 

 

ξac = − QE(1 − T0/TE)QG/ (( 1 − T0/TG)+ Wac)   8) 

 

Where TE (K) is the average temperature, and TG (K) is 

the average temperature 
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Table 1. Thermophysical Properties of magnetized nanofluids 
 Ai203 CuO Fe304 SiO2 

Cp nf b = 0.1042a + 6226.5 b = 0.2011a + 5730.8 b = 0.8318a + 4269.8 b = 0.6187a + 4293.2 

K nf b = 2E-05a + 1.4888 b = 5E-05a + 1.3703 b = 0.0002a + 1.0209 b = 0.0001a + 1.0265 

H b = 0.0031a + 73.092 b = 0.0031a + 73.073 b = 0.003a + 73.225 b = 0.003a + 73.231 

 

2.3. Nanofluid Heat Transfer Fluid 

The thermophysical, thermodynamic, and heat transfer 

properties of nanofluids are determined in terms of specific 

heat, thermal conductivity, viscosity, and density using the 

law of mixtures and the volumetric concentration of the 

nanoparticles as per the following equation [19-27]. 

 

                                α total = α particles + α base fluid  (9)

     

Where α represents the thermophysical property of a 

particular nanofluid. 

 

The nanofluid thermal and thermophysical properties, 

αtotal, can be calculated as follows. 

 

                  α total = α base fluid + αparticles .(Φ)          (10)

       

Where Φ represents the nanoparticles' volumetric 

concentration. 

 

The nanofluids' thermal conductivity to thermal 

diffusivity and density are related as follows. 

 

                           𝜆 = 𝛼 𝛿 𝐶𝑝         (11) 

             

Where Cp is the specific heat, α is the thermal diffusivity, 

ʎ and ρ represent the thermal conductivity and density, 

respectively.   

 

Interested readers in further details about the calculations 

of the nanofluid's thermophysical and thermodynamic 

properties are advised to consult references [19-27]. These 

references discuss the impact of the nanofluids concentrations 

on the thermophysical properties of the said nanofluids.   

 

2.4. Magnetized Nanofluids 

Equations (9) through (11) can be used to determine other 

thermophysical properties such as α is the thermal diffusivity, 

ʎ, and ρ represent the thermal conductivity and density at 

different magnetic forces Gauss published in the literature 

properties ([20] through [23]) as a function of the properties 

outlined in the Table.1. However, in this study, only nanofluid 

CuOO magnetized properties are considered.  

 

Where “b” represents the nanofluid-specific property and 

“a” is the magnetic field force in Gauss. Cpnf, Knf, and h are 

the specific heat, thermal conductivity, and heat transfer 

coefficients of nanofluids. 

3. Numerical Procedure 
“The energy conversion equations and heat transfer 

mechanisms of nanofluids taking place during PV-Thermal 

solar collector and absorption system”, as shown in Figures 1 

and Figure 2, were outlined in Equations (1) through (11). The 

model presented hereby was based on “mass and energy 

balances of the individual components of the PV/T hybrid 

driven absorption system; PV cell and the heat transfer fluid 

flowing in thermal tubes welded in the back of the PV panel 

and heat exchangers of the absorption system. This permitted 

the prediction of the electrical power output of the PV panel, 

thermal energy generated, and the characteristics of the water-

based nanofluids in terms of solar radiation, different 

nanofluids, and other system geometry parameters.” The 

aforementioned “energy conversion equations have been 

numerically solved where the input parameters of the solar 

PV-Thermal driven absorption conditions, such as solar 

radiation, ambient temperature, and humidity, and other 

independent parameters, such as nanofluids, are defined. The 

dependent parameters were calculated and integrated into the 

system of finite-difference formulations developed after the 

energy conservation equations under nanofluids. Iterations 

were performed until a converged solution was reached with 

an acceptable iteration error”. “The thermodynamic and 

thermophysical properties of Heat Transfer Fluid, HTF, were 

employed to calculate the water-based nanofluids flow rate. 

This was followed by using the finite-difference formulations 

to predict the time variation characteristics of the PV cell 

temperature, the PV back temperature, and thermal heat 

transferred to the Heat Transfer Fluid, Heat transfer fluid 

outlet temperature at the heat exchanger, as well as other 

hybrid system power outputs, cooling effect, efficiencies and 

the different characteristics of the components of solar 

absorption system as shown in Figure.2. Finally, hybrid 

system efficiency was calculated at each input condition of 

solar radiation, nanofluids, and their concentrations.” 
 

4. Results and Discussion 
The present “ integrated hybrid PV-Thermal system 

absorption chiller consists of a photovoltaic solar panel and 

welded thin parallel tubes on its backside for the circulation of 

the heat transport fluid with nanofluids and the absorption 

chiller components as shown in Figures 1 and 2. The parallel 

thin tubes were soldered to the back of the PV solar panel and 

connected to a thermal tank from which water-based 

nanofluids flow through the solar collector copper pipes and 

carry the excess heat away from the PV-thermal panel, as 

shown in Figure 1. 
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Fig. 2 Solar absorption chiller [17] 

 

 
Fig. 3 PV-Thermal flow rates 

 

 
Fig. 4 PV-Thermal Mass Flow Rates at Different Solar Radiations 
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The excess heat released by the PV-Thermal solar panels 

is transferred to the generator of the absorption chiller (C.F. 

Figure .2) to drive this absorption effect and generate the 

desired cooling effect”. A simple absorption refrigeration 

system uses a solution of lithium bromide or lithium chloride 

salt and water. Low-pressure water is evaporated from the 

coils and chilled. The water is absorbed by a lithium 

bromide/water solution.  

 

In principal absorption, cycles generate cooling and/or 

heating with thermal input and minimal electric input, as 

shown in Figure 2. Thus, an absorption thermodynamic cycle 

can be considered like a mechanical vapor-compression cycle, 

replacing the compressor with a generator, absorber, and 

liquid pump. This cooling cycle is driven by the evaporation 

and condensation of the water rather than electricity. 

 

The predicted behavior of the PV-Thermal solar panel has 

been shown in Figures 3 and 4. Where the PV-Thermal 

nanofluid flow rates are plotted against the different 

temperatures and at different solar radiations, it can be shown 

that the nanofluid-based CuO Heat Transfer Flow rates have 

higher values compared to the water-based heat transport 

fluid. However, Figure 4 demonstrates that higher solar 

radiations do not impact heat transfer fluid flow rates. Low 

solar radiations increased the nanofluid-based CuO heat 

transfer flow rates over the water-based ones. It can be 

interpreted that the thermophysical properties of CuO-based 

nanofluids at higher solar radiation have no impact on the heat 

transfer properties and, consequently, the flow rates as they 

have thermophysical properties similar to those of the water-

based heat transfer fluid. This is an important observation, as 

the designers should be cautioned not to use the nanofluids-

based CuO in applications with higher solar radiation.

  

 
Fig. 5 PV-Thermal Flow rates at different magnetic force 

 

 
Fig. 6 Generator Heat Exchanger Thermal Energy 
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Fig. 7 Evaporator Heat Exchanger Thermal Energy 

 

The impact of the magnetic force on the performance of 

PV-thermal solar collectors has been studied and discussed by 

Sami et al. [ 20-25], where it was shown that the magnetic field 

enhances its performance and increases the PV-Thermal flow 

rate with CuO over the water-base heat transfer fluid. Figure 

5 illustrates this effect. This enhancement of the PV-Thermal 

Solar collector results in the enhancement of thermal energy 

to drive the absorption cycle and increased cooling effect, as 

demonstrated in the following discussion. 

 

A numerical simulation of the predicted behavior of the 

different heat exchangers of the absorption cycle with lithium 

bromide or lithium chloride salt-water driven by nanofluids-

based CuO at the generator heat exchanger side is shown in 

Figure 6.  

 

The data suggests that the higher the concentration of the 

nanofluid CuO, the higher the generator's thermal energy input 

compared to the heat transfer fluid-based water.  It also 

appears that the same trend can be observed for the thermal 

energy absorbed at the evaporator heat exchanger side, where 

the cooling effect is produced by the absorption cycle.    

 

The pressure drop losses have to be taken into account, as 

the higher the concentration of the nanofluid, the higher the 

pressure drops and the pumping power required by the cycle. 

Also, the same trend was observed for the generator, and the 

evaporator can be extended to the condenser of the absorption 

cycle, where a higher nanofluid concentration of CuO results 

in higher thermal energy at the condenser side. Figure. 9 

shows the impact of the nanofluid concentration CuO on the 

cooling effect of the absorption cycle, where it can be easily 

concluded that the higher the concentration of the nanofluid 

CuO, the higher the cooling effect produced at the evaporator 

side of the absorption cycle. On the other hand, the inherent 

flow rate of the absorption cycle, as plotted in Figure 9, is 

increased at higher nanofluid concentrations of CuO, which 

leads to higher performance of the absorption cycle. 

 

The coefficient of performance of the absorption cycle is 

calculated by equation (7) and is plotted in Figure. 11, where 

it can be observed that a higher concentration of CuO results 

in a higher coefficient of performance compared to water used 

as a heat transfer fluid to drive the generator of the absorption 

cycle. It is also worthwhile noting that the aforementioned 

observations regarding the impact of higher concentrations of 

CuO have been observed at different solar radiations ranging 

from 500 w/m2 through 1200 W/m2, as illustrated in Figure 

4.   

 

The exergy efficiency is determined by equation (8) in 

terms of the generator temperature and ambient temperature 

and plotted in Figure 12.  The data in Figure 12 clearly 

demonstrate that higher concentrations of CuO increased the 

exergy efficiency as higher concentrations induce pressure 

losses and loss of thermal energy; thus, higher concentrations 

of CuO are beneficial; however, caution must be exercised to 

avoid higher thermal energy losses that will affect the 

coefficient of performance of the absorption cycle and the 

cooling effect. 
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Fig. 8 Condenser heat exchanger thermal energy 

 

 
Fig. 9 Evaporator Thermal Energy at different CuO % 

 

 
Fig. 10 Mass Flow rates at different CuO % 
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Fig. 11 Thermal Energy at Generator at Different Magnetic Fields 

 

 
Fig. 12 Coefficient of Performance at different CuO % 

 

 
Fig. 13 Generator efficiency at different CuO % 
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Fig. 14 Predicted COP versus experimental data, Rejeb et al. [4] 

 

5. Model Validation 
The data collected after a solar air conditioning system 

(SACS) using Lithium-Bromide/water (Li–Br/ H2O) solution 

and nanofluid-based Al2O3/H2O and Cu/H2O) with parabolic 

trough collectors (PTC) under hot and humid climate 

conditions reported by Rejeb et al. [4] has been used to 

validate the model predicted resulted of the Coefficient of 

Performance as presented in Figure.14. As reported in 

reference [4] the best performance results were obtained using 

nanofluid Cu/H2O; thus, Figure .14 was established using the 

data of reference [4] at the concentration of nanoparticle CuO 

(0.2 and 0.5 wt %) and the coefficient of performance (COP) 

of an absorption chiller for hot and cold days under Sharjah 

weather conditions i.e. ambient temperatures between 35-45 

⁰C and solar radiation of about 750 w/m2 and compared with 

our predicted numerical results and same conditions. It can be 

shown from Figure 14 that a satisfactory agreement was 

achieved between the present model and the data of Rejeb et 

al. [4] with a discrepancy of a maximum of 5%. We feel that 

this discrepancy was caused by the choice of the parameters 

in Table 1 to calculate the thermophysical properties of the 

nanofluid CuO that impact the heat transfer coefficient and the 

heat transfer flow driving the absorption chiller at the 

generator. 

 

6. Conclusion  
The presented model compared fairly with experimental 

data with reasonable discrepancy. It was demonstrated that 

higher solar radiations have a significant impact on heat 

transfer fluid flow rates; however, low solar radiations 

increased the nanofluid-based CuO heat transfer flow rates 

over the water-based ones. Also, it has been shown that the 

higher the concentration of the nanofluid CuO, the higher the 

generator's thermal energy input compared to the heat transfer 

fluid-based water and the coefficient of performance of the 

absorption system. 
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