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Abstract 

In this paper, the analytic equations for a partially covered photovoltaic thermal compound parabolic concentrator (PVT-CPC) 

water collector system have been used to compute the final outlet temperature of water flowing through a flat plate collector. The 

analytic equations were obtained as a result of energy balance for each component of the partially covered PVT-CPC system. 

The analysis was done for New Delhi India on a monthly average basis and it was found that the outlet water had maximum 

temperature for the month of May.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The use of PVT-CPC systems is one of the many solutions for the present day energy crisis. Many experimental and theoretical 

studies have been done in the past on the PVT-CPC system. When a fluid like water or air passes below the PV module, heat 

transfer takes place from the module to the fluid flowing below. This reduces the temperature of the module and hence leads to 

increase in electrical efficiency. In 1979, Hendrie analyzed a theoretical model of PVT systems. Garg and Adhikari, in1999, did 

a thermal modeling of hybrid PVT air collector integrated with compound parabolic concentrator (CPC). The thermal and 

electrical outputs of the system improved using a CPC. A 58% and 11% increase in thermal and electrical efficiencies 

respectively were observed by Coventry in 2005, using concentrating PVT solar collector. Tchinda, in 2008, studied the solar air 

heater combined with compound parabolic concentrator. It was found that when mass flow rate of air increases then the outlet 

temperature of air reduces.    

In this paper, using the characteristic equations for a partially covered PVT-CPC system, we have attempted to theoretically 

estimate the outlet temperature of water passing below the PV module. 
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Table - 1  

Nomenclature 

 

II. WORKING PRINCIPLE OF THE SYSTEM 

For our study, we have considered a partially covered PVT system, integrated with a compound parabolic reflector resulting in a 

PVT-CPC system. Fig.1a. shows a schematic diagram of a partially covered photovoltaic thermal compound parabolic 

concentrator (PVT-CPC) with Aa > Ar; Lrm = Lrc = 1 m. In this case, a tube in plate glazed insulated partially covered flat plate 

collector has been considered as receiver of area Ar. The lower portion of the collector is covered with a semitransparent PV 

module. The outlet of semitransparent PV module covered collector becomes the inlet of glazed covered flat plate collector as 

shown in Fig.1b. The aperture area of compound parabolic concentrator is considered as Aa. The beam radiation incident on 

aperture area after reflection from reflector is allowed to fall on PVT water collector. The beam radiation is transmitted through 

The non-packing area of PV module and gets absorbed by the metal absorber plate. There is a transfer of thermal energy from 

solar cells which are pasted on the collector. So the temperature of absorber plate is increased. This leads to increase in water 

temperature which flows below the absorber. The water outlet temperature at the end of absorber plate covered by PV module Tfo 

becomes inlet to glass absorber system. The final outlet temperature is Tfo1. Such type of arrangement is termed as partially 

covered PVTCPC water collector system. Beam radiation is used for the PVT-CPC system. 
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Fig. 1a: cross sectional side view of proposed partially covered PVT-CPC water collector system 

 
Fig.1b. cut sectional front view of proposed partially covered PVT-CPC water collector system 

III. ENERGY EQUATIONS FOR THE PVT-CPC SYSTEM 

 For Semi-Transparent Photovoltaic (PV) Module: 

(1) 

 For Blackened Tube in Plate type Receiver/Absorber: 

(2) 
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 For Fluid Flowing Below the Receiver/Absorber: 

(3.1) 

Solving equations 1 and 2: 

    (3.2) 

 The Average Fluid Temperature Below the PV Module by Integrating the above Equation is: 

(4) 

Where, 

 

 Similarly, the Fluid Temperature at the End of the Collector is given by: 

     (5) 

IV. RESULTS 

The monthly variation of beam radiation (Ib) and ambient temperature (Ta) used for the calculations in the current paper were 

obtained from IMD, Pune, India and are shown in the graph below. The data is of the year 2014 for Saket, New Delhi, India. 

The temperature of the flowing fluid at the end of the PV module (Tfi’) and at the end of the collector (Tfo) can be calculated 

using Equations (5). The outlet of the PV module covered area of the collector becomes the inlet of the non-PV module coated 

area of the collector plate. 

The mass flow rate is 0.0025kg/s, and the results obtained are shown below: 

 
Fig. 2: Chart 1: Monthly average of ambient temperature (in 0C) and incident Beam radiation (in kWh/m2 /day) 
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Fig. 3: Chart 2: Monthly variation of the outlet temperature at the end of PV module and The Collector 

V. CONCLUSION 

Based on the present studies, it can be concluded that a partially covered (50%) PVT-CPC system, when used in Saket, New 

Delhi, gives a maximum outlet water temperature of 52.9 0C in the month of May. 

It is also seen that the outlet temperature depends directly on the incident beam radiation and the ambient temperature. 
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