) iJRASET

& International Journal For Research in
Applied Science and Engineering Technology

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGQGY

Volume: 4 Issue: Vi Month of publication: July 2016

DOI:

www.ijraset.com
Call: (£)08813907089 | E-mail ID: ijraset@gmail.com




Wwww.ijraset.com Volume 4 Issue VII, July 2016
IC Value: 13.98 ISSN: 2321-9653

International Journal for Research in Applied Science & Engineering
Technology (IJRASET)

Design Construction and Performance evaluation
of Solar operated Dual purpose Refrigerator using
thermoelectric module

Pradeep G. Bokde', Y. M. Jibhakate?
"Mechanical Engineering Department, KITS College of Engineering, Ramtek, Nagpur
%Asso. Prof. Mechanical Engineering Department, KITS College of Engineering, Ramtek, Nagpur

Abstract— This project outlines the implementation of photovoltaic driven refrigerator cum heating system powered from solar
panels with a battery bank. Different from conventional refrigeration systems thermoelectric refrigeration based on the Peltier
effect, does not require any compressor, expansion valves, absorbers, condensers or solution pumps. Moreover, it does not
require working fluids or any moving parts, which is friendly to the environment and results in an increase in reliability. It
simply uses electrons rather than refrigerants as a heat carrier. Nowadays, thermoelectric refrigeration devices have a distinct
place in medical applications, electronic applications, scientific equipment and other applications, where a high-precision
temperature control is essential.

The device is powered by a Non-conventional energy resource, here PV Cells. The difference between the existing methods and
this model is that a thermoelectric cooling system refrigerates without use of mechanical devices (Conventional Condenser fins
and Compressor) and without refrigerant too. Since the Peltier module is compact in size, refrigeration or heating system can be
designed according to the user’s requirements (in desired size and shape).

Keywords— Solar Panel, Dual Purpose Refrigerator and Thermoelectric Module.

L. INTRODUCTION
The current tendency of the first world is to look at renewable energy resources as a source of energy. This is done for the following
two reasons firstly the lower quality of life due to air pollution and secondly due to the pressure of ever increasing world population
puts on our natural energy resources. From these two facts comes the realization that the natural energy resources available will not
last indefinitely. Therefore, the ideal solution would be to use some type of renewable energy resource to provide these houses with
energy without an expensive electrical grid connection.
Thermoelectric systems are solid-state heat devices that either convert heat directly into electricity or transform electric power into
thermal power for heating or cooling. Such devices are based on thermoelectric effects involving interactions between the flow of
heat and electricity through solid bodies. These phenomena are called Seebeck effect and Peltier effect, can be used to generate
electric power and heating or cooling. Solar energy is the most low cost, competition free, universal source of energy as sun shine's
throughout. This energy can be converted into useful electric energy using photovoltaic technology .The steady state reduction of
price per peak watt and simplicity with which the installed power can be increased by adding panels are attractive features of PV
technology.
Thermoelectric refrigeration replaces the three main working parts with a cold junction, a heat sink and a DC power source. The
refrigerant in both liquid and vapor form is replaced by two dissimilar conductors. The cold junction (evaporator surface) becomes
cold through absorption of energy by the electrons as they pass from one semiconductor to another instead of energy absorption by
the refrigerant as it changes from liquid to vapor. The compressor is replaced by a DC power source which pumps the electrons
from one semiconductor or another. A heat sink replaces the conventional condenser fins, discharging the accumulated heat energy
from the system. The difference between two refrigeration methods is that a thermoelectric cooling system refrigerates without use
of mechanical devices except perhaps in the auxiliary sense and without refrigerant.

1. PRINCIPLE OF SOLAR POWER GENERATION
The principle of power generation behind solar cell consists of the utilization of the photovoltaic effect of semiconductors. When
such a cell is exposed to light, electron-hole pairs are generated in proportion to the intensity of the light. Solar cells are made by
bonding together p-type and n-type semiconductors .The negatively charged electrons move to the n type semiconductor while the
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positively charged holes move to the p-type semiconductor. They collect at both electrodes to form a potential. When the two
electrodes are connected by a wire, a current flows and the electric power thus generated can be transferred to an outside
application.
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Fig. 1 Principle of PV Cell

1. THERMOELECTRIC MODULE

It consists of two or more elements of n and p-type doped semiconductor material. That is connected electrically in series. These
semiconductor materials are mounted between two ceramic substrates. In p-material charge carriers are holes and in n-material
charge carriers are electrons. Both these p and n-type materials are made up of Bismuth Telluride. N-type material is doped in such
a way that it will have an excess of electrons and P-type material is doped in such a way that it will have a deficiency of electrons.
As the electron moves from the lower energy state i.e. from p-material to a higher energy state in i.e. n-material energy is absorbed
which resulting in cooling effect. As the electron moves from the higher energy state i.e. from n-material to a lower energy state in
i.e. p-material energy is released which resulting in heating effect.
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Fig. 2 Thermoelectric module

V. THERMOELECTRIC MODULE SPECIFICATIONS
Model: TEC1-12706
Size: 40mm x 40mm x 4mm
Operates from 0~15.2 V DC and 0~6 A in a good condition with heat sink.
Current will rise to 4 A.
Operating Temperature limit: -30°C to 70°C
Max power consumption: 60 Watts

moow»

Heat sink = 90mmx90mmx25mm
Cooling fan = 90mmx90mmx25mm

321

©IJRASET: All Rights are Reserved



www.ijraset.com Volume 4 Issue VII, July 2016
IC Value: 13.98 ISSN: 2321-9653

International Journal for Research in Applied Science & Engineering
ecnolo (IJRASET)

Thermoelectric
module

Heat sink

Cooling
fan

Fig. 3 Thermoelectric module with Heat sink and Cooling fan

V. EXPERIMENTAL SETUP
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Fig. 4 Experimental setup diagram
The construction set up for this system requires following parts:-
Solar panel
Charge controller
Battery
Thermoelectric module
Heat sink
Cooling fan
Cooling and Heating compartment
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VI. WORKING
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Fig. 5 Thermoelectric refrigerator

Firstly constructing a cooling compartment of size 230mmx155mmx155mm [LxWxH] and two heating compartment of
size230mmx155mmx185mm [LxWxH]. These three compartments are made by using Imm aluminum sheet. The cooling and first
heating compartments are separated by providing 30mm insulation in between them. The second heating compartment is placed on
left side of first heating compartment, which will be separated by providing insulation between them. Foam insulation is used as
insulation. The outer surface of cooling and two heating compartment is surrounded by same 50mm foam insulation. The overall
outer surface of thermoelectric refrigerator is surrounded by metal sheet. So in this way thermoelectric refrigerator is constructed.
Figure shows the thermoelectric refrigerator. Solar panel is the most important part of this system. Solar panel consists of a silicon
semiconductor material when this material absorbs light energy it strikes atom to flow electron through the material. This flow of
electron is known as electric current. This electric current is stored in the battery which connected to solar panel by means of wire
and in between these there is a charge controller which restricts the flow of energy from battery to solar panel during night time or
cloudy days.

From battery this electric current is supplied to thermoelectric module, cooling and exhaust fan. When an electric current is supplied
to the module which present in cooling compartment then it will absorb the heat from component [liquid pouch] which placed in
cooling compartment and liberate these heat to the atmosphere with the help of heat sink. So in this way cooling will take place
inside the cooling compartment. Cooling fan is provided over the surface of heat sink which blows the air over the surface of heat
sink in order to cool it.

The heat which is going to be waste in the environment is used for heating purpose in heating compartment. This can be done by
placing thermoelectric module at the interface between cooling and heating compartment. The heat sink and cooling fan is placed
inside the heating compartment as shown in figure is used for generating the heat in heating compartment. So in this way heating
will take place inside the first heating compartment. The temperature in the first heating compartment is very high which affects the
cooling inside the cooling compartment. So in order to remove that high amount of heat second heating compartment is constructed
which is place on left side of first heating compartment. At the interface between first and second heating compartment exhaust fan
is provided which extract the heat from first heating compartment and stored in second heating compartment. So in this way heating
can also be done in second heating compartment.
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VIL. OBSERVATION TABLE

For Cooling: Atmospheric condition: 33.2°C

Time [min] Cooling compartment temperature [*C]
0 33.2
5 27.7

10 24.7
15 23.2
20 22

25 21.2
30 20.4
35 19.7
40 20.9
45 19.1
50 17.9
55 17.4
60 17

65 16.6
70 16.2
75 15.9
80 15.6
85 15.3
90 15

For Heating: Atmospheric condition: 35°C

Time First Heating compartment Second Heating compartment Heat sink
[min] temperature [°c] temperature [°c] temperature [°c]
0 35 35 35
5 38.7 35.5 57.5
10 43 36.6 64
15 47 38.2 67.3
20 50.8 40 70.8
25 54.3 41.5 72
30 57.3 43.2 73.6
35 60 44.7 78
VIIl. CALCULATION

When the designed solar thermoelectric refrigerator was tested, it was found that the inner temperature of the refrigeration area was
reduced from 33.2°C to 15°C in approximately 90 min, a difference of 18.2°C. Below is an example, which shows how the
coefficient of performance of the refrigerator [COP] was calculated. The refrigerator is used to cool a 0.3Liter of water from 33.2°C
to 15°C in approximately 90 min.
Properties of water are:-

Density = 1000 Kg/m?3

Specific heat = 4.186 KJ/KgK
Mass of water,

M=pxV

=1000 x 0.3 x 0.001
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=0.3Kg
Cooling capacity
Q=MxCxAT
=0.3 x 4186 x [33.2-15]
= 22855.56 J
Q =22855.56
Time
= 22855.56
90 x 60
=4.232 W
Work input
W = Number of Batteries x V x |
=3x12x0.7
=252W
Coefficient of Performance
COP=Q/W
=4.232
25.2
=0.167
IX. ADVANTAGES
No Freon’s or other liquid or gaseous refrigerants required
Noise less operation
Compact size and light weight
High reliability
Precise temperature control
Relatively low cost and high effectiveness

mmoow>

X. APPLICATION

A. It can be uses as remote place where electric supply is not available.
B. In restaurants /hotels
C. Laboratory and scientific instruments
D. Medical and pharmaceutical equipment.
E. Military applications.
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Fig. 6 Temperature Vs Time plot
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XII. CONCLUSION

In this work, a portable solar thermoelectric refrigerator unit was fabricated and tested for the cooling purpose. The refrigerator was
designed based on the principle of a thermoelectric module to create a hot side and cold side. The cold side of the thermoelectric
module was utilized for refrigeration purposes whereas the rejected heat from the hot side of the module was eliminated using heat
sinks and fans is used for heating purpose. In order to utilize renewable energy, solar energy was integrated to power the
thermoelectric module in order to drive the refrigerator. Furthermore, the solar thermoelectric refrigerator avoids any unnecessary
electrical hazards and provides very environmentally friendly product. In this regard, the solar thermoelectric refrigerator does not
produce chlorofluorocarbon [CFC], which is believed to cause depletion of the atmospheric ozone layer. In addition, there will be no
vibration or noise because of the difference in the mechanics of the system. In addition the rejected heat from the solar
thermoelectric refrigerator is negligible when compared to the rejected heat from conventional refrigerators. Hence, the solar
thermoelectric refrigerator would be less harmful to the environment. A 0.3L of water was used as the refrigerated object in these
tests. Experiment and analysis on the prototype were conducted mainly under sunny outdoor conditions. It was found that the
system performance was strongly dependent on the intensity of solar insulation and the temperature difference of hot and cold sides
between the thermoelectric modules. The maximum temperature difference under outdoor conditions was found to be 18.2°C.

The energy efficiency of solar thermoelectric refrigerators, based on currently available materials and technology, was still lower
than its compressor counterparts. Nevertheless, a marketable solar thermoelectric refrigerator would be made with an acceptable
performance through some improvements. For example, further improvement in the COP may be possible through improving
module contact-resistance, thermal interfaces and heat sinks. In addition, this could be achieved by including more modules in order
to cover a greater surface area of the refrigeration box.

REFERENCES
Sabah A. Abdul-Wahab, Ali Elkamel, “Design and experimental investigation of portable solar thermoelectric refrigerator”, article in renewable energy,
January 2009.
Taylor R.A., Solbrekken G.L, “Comprehensive system-level optimization of thermoelectric devices for electronic cooling applications, components and
packaging technologies”, IEEE Transactions on page(s): 23 - 31 Volume :31, Issue: 1, March 2008.
Fukutani K., Shakouri, Ali, "Design of bulk thermoelectric modules for integrated circuit thermal management, components and packaging technologies”, IEEE
Transactions on page(s): 750 - 757 Volume: 29, Issue: 4, Dec 2006.
Surith Nivas M, Vishnu Vardhan D, Raam kumar PH, Sai Prasad S, Ramya K ,“ Photovoltaic driven dual purpose thermoelectric refrigerator for rural India”,
International Journal of Advancements in Research & Technology, Volume 2, Issue 6, June 2013.
Umesh V. Sangale, Priyanka Jhavar, G.R.Seloskar, “Thermoelectric refrigeration by using solar energy for domestic appliance", International Journal of
Research in Advent Technology, Vol.3, No.1, January 2015.
Manoj B. Dhawade, Ekta Mourya, Anurag Yadav, David Samuel, Suprabh t A. Mohod, Vaibhav N Deshpande, “Review on portable solar thermoelectric
refrigerator cum air cooler”, International Journal of Advance research in Science and Engineering, Vol. No.4, Issuel0, October 2015.

326

©IJRASET: All Rights are Reserved



d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




