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Abstract— A vast evolution on renewable energy resources 

are going on, particularly on solar energy. It is one of the 

better option for alleviate the poverty in developing countries, 

where majority of people do not have access to modern forms 

of energy. Due to their inherent decentralized nature of 

renewable energy resources, they can large contribute to 

resolve the many energy problems. Amid of various 

techniques and technologies for the exploitation of solar 
energy, the Photovoltaic conversion is the one which can 

directly produce electricity, while the thermal collectors 

provide heating energies. These two systems are independent 

and different, and are not compatible. Individually PV panels 

can generate electricity by converting the incident solar 

radiation. However, when the incident solar radiation is more, 

temperature of the panel also rises which lowers the 

performance of the PV panel. By hybridizing the thermal 

collectors with PV panel one can reduce the temperature of 

the panel and that heat can transferred to thermal collectors. 

Thereby one can enhance the panel performance and store the 
energy in thermal collector for later usage. This hybrid solar 

photovoltaic thermal (PV/T) offers an interesting option now 

because the absorbed solar radiation is converted into electric 

energy and heat simultaneously. The objective of the work is 

to study theoretically and experimentally the hybrid (PV/T) 

Collector. To conduct the theoretical analysis a mathematical 

model is used to study the enhanced panel performance and 

collector as well. Direct absorption type collector is arranged 

beneath the panel to extract heat from the photovoltaic 

module. By hybridizing, PV module efficiency is raised to 

23.12% and efficiency of thermal collector beneath the 

module is reached to 11.29%. 
Keywords: Solar Energy, PV Module, Thermal Collector, 

Hybrid (PV/T) Collector 

I. INTRODUCTION 

Solar energy is the cleanest, inexhaustible unconventional 

energy sources. Present technologies allows us to use these 

energy in a different ways like solar thermal energy, solar 

heating, photovoltaic’s, solar architecture, molten salt power 
plants, artificial photosynthesis and several ways, giving the 

public and commercial entities flexible ways to employ both 

the light and heat of the sun. 

There are three major technologies by which solar 

energy is commonly harnessed, those are photovoltaic’s 

(PV),which converts light energy into electrical energy 

directly; heating and cooling systems, which collets thermal 

energy and converts it into heat energy and provide hot water 

and air conditioning; concentrating solar power (CSP), which 

uses heat (thermal energy) to drive utility-scale, electric 

turbines. 

Photovoltaic (PV) technologies directly convert 
energy from sunlight into electricity. When sunlight strikes 

the PV module, which is made by semiconductor material, 

electrons are stripped from their atomic bonds. This flow of 

electrons is termed as electric current. PV modules doesn’t 

have any moving parts and with minimum maintenance. 

Output of the PV modules is peak in the mid-day when the 

sun is at its highest point in the sky, and in present days 

generation of electricity is more expensive due to depletion 

of fuel and coal. So to overcome this we can install the PV 

panels to reduce or eliminate such problems. The commercial 

solar cells have relatively low efficiency, less than 20%. The 

remaining 80% of the absorbed energy was not used and it is 
in the form of heat losses and energy dump in the 

surroundings. To overcome this problem many research are 

conducted. 

II. METHODOLOGY 

A. Thermal Analysis of SFPC 

Thermal analysis is carried out on SFPC by amalgamating the 
energy analysis and exergy analysis, which gave the 

impeccable perception on its performance. In the energy 

analysis, a comprehensive procedure is mentioned to estimate 

the useful heat gain by the working fluid and SFPC 

efficiency. To establish the mathematical modelling for this 

thermal analysis, the following general assumptions are 

made: 

1) Thermophysical properties of the working fluid are 

independent of temperature  

2) The flow is turbulent, fully developed and uniform in all 

risers. 
3) Intensity of incident solar radiation is uniform.  

1) Energy Analysis 

From the total solar radiation incident on the SFPC, a fraction 

of radiation is transferred to the working fluid as useful heat 

gain and remaining is lost to ambient in terms of radiation and 

convection loss through different parts of the collector. The 

incidental solar radiation falling on SFPC is given by: 

Qi = ItAc                                                     (1) 

The incoming solar radiation is attenuated in the 

collector due to change of refractive index and wavelengths 

at collector cover. In the collector, a partial amount of 
radiation is absorbed by the glazing material, a fraction of 

radiation is reflected back to the environment and the 

remaining is transmitted to the absorber plate through an air 

gap. Therefore, the incident radiation reaching the absorber 

plate is given by:  

Qi = It(τα)Ac            (2) 

At the absorber plate, a portion of the received 

radiation is transmitted to the working fluid and converted 

into useful heat gain. From the fundamentals of 

thermodynamics, the rate of useful heat gain by the working 
fluid is given by: 

Qu = ṁCp(Tf,0ut − Tf,in)                         (3) 

The amount of heat loss from the SFPC depends 

upon the overall heat loss coefficient of SFPC and absorber 

plate temperature. The net heat loss from the collector is 

given by:   

Qloss = UlAc(Tp − Ta)                        (4) 
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Therefore, useful heat gain is the net effect of total 

incidental radiation on SFPC and energy loss from it (Duffie 

and Beckman 2006). So, the heat gain by the working fluid is 
given by  

Qu = Ac[It(τα) − Ul(Tp − Ta )]   (5) 

Tp is the absorber plate mean temperature, which is given by  

Tp = Tf,in +
Qu Ac⁄

FRUl
(1 − FR)   (11) 

The convective heat transfer coefficient of the 
working fluid flowing in risers, 

hf =
Nu.k

Di
                  (15) 

For the particular hydraulic diameter, hfdepends on 

Nusselt number and thermal conductivity of working fluid. 

Nusselt number of SFPC operated in forced circulation mode 

can be estimated using Gnielinski's correlation (F P Incropara 

and D P De Witt 1996) 

Nu =
(f 8⁄ )(Re−1000)Pr

1+1.27(f 8⁄ )0.5(Pr0.66−1)
              (16) 

Where, f is the Darcy friction factor, and it can be 

estimated by using 

f = (0.79 ln(Re) − 1.64)−2             (17) 

From the definitions, Reynolds and Prandtl numbers 

of fluid inside the collector riser are obtained as: 

Re =
4ṁr

πDiμ
              (18) 

Pr =
μCp

k
             (19) 

η =
AcFR[It(τα)−Ul(Ti−Ta)]

ItAc
= FR(τα) − [FRUl(Ti − Ta)/It]       

                                                                (20) 

In which, FR(τα)is the absorbed parameter and the 

term (Ti − Ta)/It is the heat loss parameter and FRUlis called 
removed energy parameter (Salavati et al., 2015).  

2) Pumping Power 

A pump is essential to maintain the constant flow across the 

collector to run in a forced circulation mode. As the working 

fluid is circulating in the entire collector, a certain amount of 

pressure drop is inevitable. Total pressure drop in SFPC is the 

sum of major and minor losses. The major losses are 

generated due to friction between the working fluid and 

adjacent contact surfaces of SFPC, while the minor losses are 

because of the changes in geometry and added components to 

the collector. Together with major and minor losses are 

responsible for the pressure drop in SFPC (Y A Cengel and J 
M Cimbala 2009). Therefore, the total head loss in SFPC can 

be estimated by using:  

hl = hl,major + hl,minor =
8ṁr

2

ρ2gπ2Di
4 [f

Lr

Di
+ ∑ Kl

n
i=1 ]   (21) 

With the assumption of sharp edge fastening 

between the headers and risers, loss coefficient, Kl is taken as 

0.5 at the entrance and 1 at the exit (Y A Cengel and J M 

Cimbala 2009), Lr is the length of each riser. The pressure 
drop in the flat plate collector can be calculated by: 

p1

ρg
+ z1 =

p2

ρg
+ z2 + hl          (22) 

When the inclination of the SFPC is β, the vertical 

distance between the headers are equivalent to Lr sin β. 
Therefore, the pressure drop in the SFPC is: 

∆p = p1 − p2 = ρg(Lr sin β + hl)                    (23) 

The pumping power required for running the 

collector by considering the pressure drop can be calculated 

by:  

P =
ṁ

ρnf
. ∆p  

III. EXPERIMENTAL WORK 

A. Major Components: 

1) Solar Panel:  

Photovoltaic solar panels absorb sunlight as a source of 

energy to generate electricity. A photovoltaic (PV) module is 

a packaged, connected assembly of typically 6x10 

photovoltaic solar cells. Photovoltaic modules constitute the 

photovoltaic array of a photovoltaic system that generates 

and supplies solar electricity in commercial and residential 

applications.  

 

 
2) Booster Mirrors:  

Variation of effective width of the sun rays intercepted by the 

absorber plate in horizontal and inclined position of the 

cooker. In ΔABC 90sAα∠=− cos(90)hsWWα=×−  Where αs 
can be computed using Equation. Hourly solar radiation 

incident on the inclined surface of the absorber plate depends 

upon the time of the day i.e. the hour angle ω (zero at noon, 

negative in the morning and positive in afternoon, varies by 

15˚ after each hour), nth day of the year (starts from January 

1) i.e. declination angle δ, altitude angle αs with horizontal or 

zenith angle θz with vertical and surface azimuth angle γ (in 

northern hemisphere, it is zero for south facing surfaces, 180˚ 

for north facing surfaces, −90˚ for east facing and +90 for 

west facing surfaces), latitude angle φ of a place and tilt angle 

β of the surface with horizontal. 

 
3) Multimeter: 

A multimeter or a multitester, also known as a VOM (volt-

ohm-milliammeter), is an electronic measuring instrument 
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that combines several measurement functions in one unit. A 

typical multimeter can measure voltage, current, and 

resistance. Analog multimeters uses a microammeter with a 
moving pointer to display readings. Digital multimeters 

(DMM, DVOM) have a numeric display, and may also show 

a graphical bar representing the measured value. Digital 

multimeters are now far more common due to their cost and 

precision, but analogmultimeters are still preferable in some 

cases, for example when monitoring a rapidly varying 

value.A multimeter can be a hand-held device useful for basic 

fault finding and field service work, or a bench instrument 

which can measure to a very high degree of accuracy.  

4) Submersible Pump:  

A submersible pump (or sub pump, electric submersible 

pump (ESP)) is a device which has a hermetically 
sealed motor close-coupled to the pump body. The whole 

assembly is submerged in the fluid to be pumped. The main 

advantage of this type of pump is that it prevents pump 

cavitation, a problem associated with a high elevation 

difference between pump and the fluid surface. Submersible 

pumps push fluid to the surface as opposed to jet pumps 

having to pull fluids. Submersibles are more efficient than jet 

pumps. 

5) Battery:  

The lead–acid battery was invented in 1859 by French 

physicist Gaston Planté and is the oldest type of rechargeable 
battery. Despite having a very low energy-to-weight ratio and 

a low energy-to-volume ratio, its ability to supply high surge 

currents means that the cells have a relatively large power-to-

weight ratio. These features, along with their low cost, make 

them attractive for use in motor vehicles to provide the high 

current required by automobile starter motors.As they are 

inexpensive compared to newer technologies, lead–acid 

batteries are widely used even when surge current is not 

important and other designs could provide higher energy 

densities. In 1999 lead–acid battery sales accounted for 40–

45% of the value from batteries sold worldwide excluding 

China and Russia, and a manufacturing market value of about 
$15 billion. Large-format lead–acid designs are widely used 

for storage in backup power supplies in cell phone towers, 

high-availability settings like hospitals, and stand-alone 

power systems. For these roles, modified versions of the 

standard cell may be used to improve storage times and 

reduce maintenance requirements. Gel-cells and absorbed 

glass-mat batteries are common in these roles, collectively 

known as VRLA (valve-regulated lead–acid) batteries.The 

electrical energy produced by a discharging lead–acid battery 

can be attributed to the energy released when the strong 

chemical bonds of water (H2O) molecules are formed from 
H+ ions of the acid and O2- ions of PbO2.Conversely, during 

charging the battery acts as a water-splitting device, and in 

the charged state the chemical energy of the battery is mostly 

stored in the acid. 

 
Hybrid collector 

IV. RESULTS AND DISCUSSION 

Thermal Analysis  

Qi = ItAc  
Qi=1000*10.5 

Qi=10500w 

Qi = It(τα)Ac  
Qi =1000*.86*10.5 

Qi =9030W      

Qu = ṁCp(Tf,0ut − Tf,in) 

Qu=4*4.18(36-32) 

Qu=66.8w   

The net heat loss from the collector is given by:  

Qloss = UlAc(Tp − Ta) 

Qloss=0.62*10.5(77-33) 
Qloss=286.44     

the heat gain by the working fluid is given by  

𝑄𝑢 = 𝐴𝑐[𝐼𝑡(𝜏𝛼) − 𝑈𝑙(𝑇𝑝 − 𝑇𝑎  )] 

Qu=10.5(1000(0.86)-0.62(77-31)) 

Qu=8769.6w      

𝑄𝑢 = 𝐴𝑐𝐹𝑅[𝐼𝑡(𝜏𝛼) − 𝑈𝑙(𝑇𝑓,𝑖𝑛 − 𝑇𝑎  )]  

Qu =10.5*0.6( 1000(0.86)-0.62(41-31) 

Qu=5378.94w 

Where 𝐹𝑅 is the heat removal factor and it can be calculated 

by  

FR = [
ṁCp

AcUl

] {1 − exp (
−AcUlF

′

ṁCp

)} 

FR    =26.96 

Collector efficiency factor 𝐹′ is calculated from  

F′ =
1

{[WUl/(πDhf)] + (1
Cb

⁄ ) + [W/(D + (W − D))F]}
 

F’ = 0.8 

Fin efficiency, F can be calculated by 

𝐹 =
𝑡𝑎𝑛ℎ(𝑚(𝑊−𝐷)/2)

[𝑚(𝑊−𝐷)/2]
  

F=0.6       

where, 𝑚 = √𝑈𝑙/(𝑘𝑝𝑡𝑝)    

Ut =
1

+
Ng

C

Tp
[

Tp−Ta

Ng+τ
]

0.33

1

hw

+
σ(Tp

2 − Ta
2)(Tp + Ta)

1

εp+0.05Ng(1−εp)
+

2Ng+τ−1

εg
− Ng

 

Where,  

𝐶 = 520(1 − 0.000051𝛽2   
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𝜏 = (1 − 0.04ℎ𝑤 + 0.0005ℎ𝑤
2 )(1 + 0.091𝑁𝑔)  

ℎ𝑤 = 5.7 + 3.8𝑣𝑤     

𝑇𝑝 is the absorber plate mean temperature, which is given by  

𝑇𝑝 = 𝑇𝑓,𝑖𝑛 +
𝑄𝑢 𝐴𝑐⁄

𝐹𝑅𝑈𝑙
(1 − 𝐹𝑅)   

The instantaneous thermal efficiency  

 𝜂 =
𝐴𝑐𝐹𝑅[𝐼𝑡(𝜏𝛼) − 𝑈𝑙(𝑇𝑖 − 𝑇𝑎)]

𝐼𝑡𝐴𝑐

 

= 𝐹𝑅(𝜏𝛼) − [𝐹𝑅𝑈𝑙(𝑇𝑖 − 𝑇𝑎)/𝐼𝑡] 
𝜂  = 23.12%  

In which, 𝐹𝑅(𝜏α)is the absorbed parameter and the term 
(𝑇𝑖 − 𝑇𝑎)/𝐼𝑡 is the heat loss parameter and 𝐹𝑅𝑈𝑙is called 

removed energy parameter (Salavati et al., 2015).  
Electrical efficiency: 

𝜂𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 = 11.24 − 11.39(𝑇𝑖 − 𝑇𝑎)/𝐼𝑡 
= 11.29% 

𝜂𝑜𝑣𝑒𝑟𝑎𝑙𝑙   = 𝜂𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 + 𝜂𝑡ℎ𝑒𝑟𝑚𝑎𝑙 
= 34.41% 

V. CONCLUSION 

 Incident solar radiation of the PV Module leads to 

generate the electrical energy, however, it also causes to 

raise the temperature of PV module. 

 Raise in temperature of the PV module cause to 

diminishes the electrical generation rate  

 By passing the water beneath the PV module one can 

control the panel temperature and subsequent electrical 

energy generation rate.  

 The temperature of water flowing under panel can be 

used for domestic as well as commercial purpose. 

 However this circulation water causes to raise the 
efficiency of the panel and overall efficiency of the 

hybrid collector.  

REFERENCES 

[1] J. Duffie and W. Beckman, Solar Engineering of 

Thermal Processes, 3th ed., vol. 116. 2006. 

[2] F P Incropara and D P De Witt, Fundamentals of Heat 

and Mass Transfer, 4th editio. New York: John Wiley 

and Sons, 1996. 
[3] S. Salavati, A. Kianifar, H. Niazmand, O. Mahian, and S. 

Wongwises, “Experimental investigation on the thermal 

efficiency and performance characteristics of a flat plate 

solar collector using SiO2/EG–water nanofluids,” Int. 

Commun. Heat Mass Transf., vol. c, pp. 71–75, 2015. 

[4] Y A Cengel and J M Cimbala, Fluid Mechanics: 

Fundamentals and Applications, @nd Editio. Mc. Graw-

Hill Higher Education, 2009. 

[5] Osório, T., Carvalho, M.J., 2014. Testing of solar 

thermal collectors under transient conditions. Sol. 

Energy 104, 71–81.  


