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ABSTRACT

As a great potential renewable energy source, solar energy istbecoming one,of the mostyimportantéenergies in
the future. Performance of PV panel decreases with increase_instemperatare of,the RV panel. Hence, output
power of PV module drops with rise in temperature qif heat is not.removed. The cooling,of PV modules would
enhance the performance of PV panel. In order 10 cool this thermoeleetric,system is used. Hybridization of PV
module with thermoelectric modules used to increase the overall efficiency of the,solar energy conversion system
by keeping temperature constant within the limits. Model'ef hybrid combination of PV—Thermoelectric has been
developed and study of thermoelectric has done to illustrate its usefulness in hybrid model of PV and
thermoelectric modules. This paper shows the performance of'PV panel through augmentation of thermoelectric

cooling system to increase overalbelectric conversion efficiency of PV array

Keywords: Electpic Conversionefficiency of pamelythermoelectric module, PV panel, Types of PV
panel, Thermoelectric cooler.

. INTRODUCTION

As the totalworld is facing critical problem of energy deficit, global warming detonation of environment and
energy sources, renewable @nergy sources are getting more attention. Solar energy is one of the comparable
candidates. Solarienergy is, widely available and it is free of cost. Solar energy can be converted into direct

electricity by Photovaltaic effect.

Solar cells, or photovoltaic cells, transform light, usually sunlight, into electric current. Few power-generation
technologies are as clean as photovoltaic (PV). As it silently generates electricity, photovoltaic produces no air
pollution or hazardous waste, free of moving parts. Which reduces the maintenance cost of the system

photovoltaic cells are semiconductor.
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1.1 Principle of Photovoltaic Cell:

Two important steps are involved in the principle of working of solar cell. These are,

i) Creation of pairs of positive and negative charges (called electron hole pairs) in the solar cell by absorbed
solar radiation.

ii) Separation of the positive and negative charges by a potential gradient within the cell.

1.2 Conversion Efficiency:
The maximum conversion efficiency of PV cell,

_ VxI
PTG XA
Where

I= Electric conversion efficiency of solar

Panel without cooling
V = Maximum Voltage
I = Maximum current

G = Total Incident solar flux, 12000w/m?

A = Area of PV Panel [1]

d lowering conversion efficiency. The output
re, if heat is not removed [2]. The temperature of the solar

solar cell is a silicon series solar cell. VVarious studies

elop solar cell having improved PV conversion efficiency.in order to
f PV cell, it should be maintained at a temperature which is as low as

it generated by PV module the thermoelectric system use to cool the

the direct conversion of temperature differences to electric voltage and vice-versa.
Thermoelectric deviges can convert electrical energy into a temperature gradient, this phenomena was
discovered by Peltier in 1834. The application of this cooling or heating effect remained minimal until the

development of semiconductor materials. [4].
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Fig 1: Working of thermoelectric modul
I1. EXPERIMENTAL ANALYSIS

2.1 Working of Experimental set up:

Experimental set up consist of two Working methods
A) Without using thermoelectric cooling

B) With using thermoelectric cooling

2.2 Following are the component used for Experime

will off so the sup

ranges€ontinuously.

Fig 2: Experimental Set up without Using Fig 3: Experimental Set up with Using
Thermoelectric cooling. Thermoelectric cooling
1-PV Panel, 2- LCD Display, 3- Microcontroller 6-Peltier Module (cooler)

89C51, 4- ADC 0809, 5- LM35.
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2.3 Design and Heat Transfer Analysis of Solar Panel

Design and Analysis of PV Panel has done in CFD Star CCM+8.06. In design part, the symmetric section of PV
Panel of 0.9 watt has taken which has size of 0.1mx0.06m. On lower side of PV panel copper is selected as a
heat conducting material due to its high thermal conductivity for attachment of thermoelectric module. The

surface mesh using surface remesher and volume mesh using thin mesher has generated.

Topribez [0
. 0 AL L) N i
Fi V panel with maximum temperature

series and parallel:
Rs

wh( | v Reh

Fig 6:-Equivalent Circuit of PV Module
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I11. EXPERIMENTAL WORK
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Fig 7: Experimental results of maximum

temperature gained by PV panel
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IV. RESULTS AND DISCUSSIONS

4.1 Analysis in CFD:
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Fig 10: Experimental results of PV Panel with

And without cooling

out on different days and various reading have taken to find the performance
ith thermoelectric cooling. Various performance graphs have plotted based on
analysis and MATLAB analysis also done to validate the experimental result shown in

Fig 8 shows the temperature attained by PV panel at various atmospheric condition, in CFD Star
CCM+ 8.06. And results are found to be validate by comparing with Experimental values From the
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fig7, the heat transfer analysis of PV panel has done in Computational Fluid Dynamics (CFD) Star CCM+8.06
the similar kind of result has found out, as it has been found out by experimentally where at minimum
atmospheric temperature 25°C maximum temperature of panel obtained is 43.733°C, at 31°C is 51.947 °C and
at 40°C is 71.522°C. Thus, result of maximum temperature attained by PV panel is found to be validate in CFD
by comparing it with experimental results from fig 7.

4.2 MATLAB/Simulink Analysis:
In the MATLAB analysis it is found that as the temperature increases the,efficiency of panel is

decreases Fig 9 shows the analytical results of variation of temperature with e

ersion efficiency of
PV panel. As the temperature of PV panel increases the electric conversion efficiency of panel going to

decrease.

4.3 Experimental Analysis
Fig 10 shows the Experimental results of PV panel electri cooling at
different atmospheric temperature and days. It has found tha i i tric conversion

efficiency without cooling are 8.35% and 11.46%. i imentation is carried out

respectively.

V. CONCLUSION
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