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Abstract- Solar energy can be converted into electric energy
by means of solar panel. This energy can be stored in a
rechargeable battery. The electric energy can be then created
into any desired energy. In this project the electric energy is
converted in to cool energy using peltier effect. The
thermoelectric effect is the direct conversion of temperature
differences to electric voltage and vice versa via a
thermocouple. When a voltage is passed through a
thermocouple one end of the thermocouple is heated, the other
end gets cooled and. The heated air from the one end of the
Pettier element is passed to the exhaust fan. The cool air from
the other end of the Pettier element is passed to the blower
fan. So as time increases, the cooling will be increased.
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I. INTRODUCTION

The refrigeration process means removing heat from
a specific surrounded space to make its temperature lower than
the surrounding temperature. The aim is to provide cooling by
using thermoelectric effects rather than using vapour
compression cycle or the vapour absorption cycle. The aim is
to provide a device that can do the same function without
polluting the environment and to reduce the production of the
CO,, SO, because it affects our environment. This study was a
part of the advanced intelligence technology (AIT) that
utilizes the solar energy. Also, it designs and develops a
prototype unit that was illustrating the usefulness and
economic sustainability of solar energy for the planned
purposes

The main objective is to improve the COP of the
system. Recent research provides three possible paths that may
lead to significant progress in thermoelectric cooling

1. To improve thermoelectric cooling system’s thermal
design and optimization

2. To improve the
thermoelectric materials

intrinsic  efficiencies  of
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3. To improve the intensity of the sunlight received
through the panel

Already in this paper the design and optimization
technique is utilized to improve the COP now for future work
the COP of the system can be improved through another two
ways

Il. METHODOLOGY

The main application of the Peltier effect is cooling.
However, the Peltier effect can also be used for heating. In
every case, a DC voltage is required. Thus, aim of the project
is to utilize cooling effect of a peltier module efficiently.
Peltier module can convert thermal energy into electricity.
When dc voltage is applied to the module, the positive and
negative charge carriers in the pellet array absorb heat energy
from one substrate surface (cold side). The main energy
resource that is being used in this prototype is solar energy.
PV cells transform solar energy into electrical energy which is
used to power the TE system. This system actively uses solar
energy to maintain a temperature gradient across a material
surface. The heating/cooling power is dependent on the input
current direction to each element. Heating power increases
with an increasing incoming current, whereas the cooling
power has an optimum for a specific current. A regulator can
make sure that the incoming current and voltage does not
exceed the maximum for each module. The prototype has been
designed to manage the maximum output from the solar panel.
A battery could also be installed to collect the excess power
produced by the PV panel and keep the system running as the
sun sets, climate change etc. The electricity produced by the
PV cells can be used to run a circulation fan. Air is filtered
and blown into the chamber by the fan. The incoming air
stream is cooled down by Peltier elements.

A. Peltier module

The peltier module contain peltier element which can
be prepared by nano technology as follows
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B. Powder Metallurgy

Powder metallurgy is the science of producing metal
powders and making finished/semifinished objects from
mixed or alloyed powders with or without the addition of
nonmetallic constituents.

C. Steps in powder metallurgy

Powder  production,  Compaction,  Sintering,
&Secondary operations. The size of reinforcement had to be
reduced to nano to avoid formation of air gaps or commonly
known as porosity. This particle size conversion was carried
out in planetary mill at constant speed for calculated time. A
ball mill consists of a hollow cylindrical shell rotating about
its axis. The axis of the shell may be either horizontal or at a
small angle to the horizontal. It is partially filled with balls.
The grinding media is the balls, which may be made of steel
(chrome steel), stainless steel, ceramic, or rubber. The inner
surface of the cylindrical shell is usually lined with an
abrasion-resistant material such as manganese steel or rubber.
Less wear takes place in rubber lined mills. The length of the
mill is approximately equal to its diameter.

s A

Particle conversion
at 250 rpm

Cold compaction
at 50 KN

Sintering at 500°C

Hot extrusion at
350°C

D. Powder production

Raw materials - Powder; Powders can be pure
elements, pre-alloyed powders Methods for making powders —
Atomization: Produces powders of both ferrous and non-
ferrous powders like stainless steel, super alloys, Ti alloy
powders.

E. Particle size conversion

The size of reinforcement had to be reduced to nano
to avoid formation of air gaps or commonly known as
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porosity. This particle size conversion was carried out in
planetary mill at constant speed for calculated time. The
reinforcement is filled in the jar along with steel balls and
placed in the planetary mill. A ball mill is a type of grinder
used to grind and blend materials for use in mineral dressing
processes, paints, pyrotechnics, ceramics and selective laser
sintering. It works on the principle impact and size reduction
is done by impact as the balls drop from near the top of the
shell.

A ball mill consists of a hollow cylindrical shell
rotating about its axis. The axis of the shell may be either
horizontal or at a small angle to the horizontal. It is partially
filled with balls. The grinding media is the balls, which may
be made of steel (chrome steel), stainless steel, ceramic, or
rubber. The inner surface of the cylindrical shell is usually
lined with an abrasion-resistant material such as manganese
steel or rubber. Less wear takes place in rubber lined mills.
The length of the mill is approximately equal to its diameter.
The mill provides as axial rotation which creates striking
contact between steel ball and reinforcement inside jar. This
contact reduces the size of reinforcement after specified time.

F. Testing for nano particle conversion

The powder produced by planetary milling is tested
using SEM from college of engineering, Guindy(CEG).

They provide the result that the particle size is of
about 90-100um this is the range of nano particle so we
successfully convert that zinc and antimony into nanoparticle

CEG 5 00kV 10 8mm x30 Ok SE

F. Elemental mixture

The nano sized reinforcement had to be added to the
base metal for further processing. This step was carried out
using the planetary mill that was used for size conversion.
Both the powders were weighed according to the composition
and then poured into the jar and mixed in mill by axial rotation
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for specified time. The material requirement for this stage is
similar to previous stage. The ball mill is used for the
homogeneous mixing of powders or different wet components
with differing specific weights and particle sizes. The product
is mixed in a removable container preventing cross-
contamination between batches and dusting when mixing
powders.

G. Compaction

It is the process of converting loose powder into a
green compact of accurate shape and size. It is done in steel
dies and punches. The die is manufactured for the required
dimension of specimen. The most commonly used material for
die is die steel, EN 24, EN 18 etc. Compaction is usually
performed at room temperature. The compaction pressure
ranges from 138MPa to 827MPa, or more.

The powder is filled in the die and load is applied
using a punch designed for the specimen’s dimension. The
maximum load that the base metal can withstand is identified
and it is used for compaction of the elemental mixture. This
compaction process is carried out in universal testing machine
or it can be also done in hydraulic press. The compaction die
was fabricated and heat treated for 50RC to make sure it can
withstand the load applied by universal testing machine.

A universal testing machine (UTM), also known as a
universal tester, materials testing machine or materials test
frame, is used to test the tensile strength and compressive
strength of materials. An earlier name for a tensile testing
machine is a tensometer. The "universal" part of the name
reflects that it can perform many standard tensile and
compression tests on materials, components, and structures. It
can not only be used for testing their strength but also can be
used for compaction process. The dial gauge in UTM as
shown in above diagram can be used to determine the acting
load. Generally, once load is reached the punch will be
released in hot compaction. But in cold compaction the load is
held for specified time after it is being reached in the meter.
This is to ensure equal load split all over the volume of
specimen will be released in hot compaction. But in cold
compaction the load is held for specified time after it is being
reached in the meter. This is to ensure equal load split all over
the volume of specimen.

H. Sintering

Sintering is a heat treatment applied to a powder
compact in order to impart strength and integrity. The
temperature used for sintering is below the melting point of
the major constituent of the Powder Metallurgy material.
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After compaction, neighboring powder particles are
held together by cold welds, which give the compact sufficient
“green strength” to be handled. At sintering temperature,
diffusion processes cause necks to form and grow at these
contact points.

These steps and the sintering process itself are
generally achieved in a single, continuous furnace by judicious
choice and zoning of the furnace atmosphere and by using an
appropriate temperature profile throughout the furnace. But
for certain specimen the heat treatment process cannot be done
in open atmosphere when might lead to either oxidation or
damage of specimen in case of flammable metal usages. At
this situation generally instead of normal furnace inert gas
atmosphere furnace is used. Heat treatment here is done in an
electronic muffle furnace in nitrogen atmosphere. Heat
treatment process is carried out to increase hardness of the
specimen as a cold compacted specimen is not much stronger
than an ice cube. This heat treatment process not only
increases hardness but also improves machinability and
toughness.

I. Hot extrusion

Extrusion is a process used to create objects of a
fixed cross- sectional profile. A material is pushed through a
die of the desired cross-section. The two main advantages of
this process over other manufacturing processes are its ability
to create very complex cross-sections, and to work materials
that are brittle, because the material only encounters
compressive and shear stresses. It also forms parts with an
excellent surface finish.

Extrusion is done to reduce porosity and improve the
grain structure of the specimen. Not only can that but
extrusion also improves the mechanical properties such as
hardness, compressive strength, tensile strength etc.

To perform extrusion a tapered die and punch has to
be fabricated in die steel or EN 24 or EN 18 or any other metal
suitable for fabricating a die. The specimen is separately
heated while die is heated for extrusion. This is done to avoid
air reaction of specimen while heating. The specimen is heated
in muffle furnace while die is pre heated using a bandwidth
heater designed for the dimensions of the die. This extrusion
process is carried out in 100-ton hydraulic press.

Hot extrusion is a hot working process, which means
it is done above the material's recrystallization temperature to
keep the material from work hardening and to make it easier to
push the material through the die. Most hot extrusions are
done on horizontal hydraulic presses that range from 230 to
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11,000 metric tons (250 to 12,130 short tons). Pressures range
from 30 to 700 MPa (4,400 to 101,500 psi), therefore
lubrication is required, which can be oil or graphite for lower
higher

temperature  extrusions, or powder for

temperature extrusions.

glass

J. Final specimen

Thus after all these process we can get the specimen

Fig .3.7 photographic view of three s:t_ages
IHHLLEXPERIMENTAL SET UP

Thermoelectric coolers operate by the Peltier effect
(which also goes by the more general name thermoelectric
effect). The device has two sides, and when a DC electric
current flows through the device, it brings heat from one side
to the other, so that one side gets cooler while the other gets
hotter. The "hot" side is attached to a heat sink so that it
remains at ambient temperature, while the cool side goes
below room temperature. In some applications, multiple
coolers can be cascaded together for lower temperature.

Construction

Two unique semiconductors, one n-type and one p-
type, are used because they need to have different electron
densities. The semiconductors are placed thermally in parallel
to each other and electrically in series and then joined with a
thermally conducting plate on each side. When a voltage is
applied to the free ends of the two semiconductors there is a
flow of DC current across the junction of the semiconductors
causing a temperature difference. The side with the cooling
plate absorbs heat which is then moved to the other side of the
device where the heat sink is. Thermoelectric Coolers, also
abbreviated to TECs are typically connected side by side and
sandwiched between two ceramic plates. The cooling ability
of the total unit is then proportional to the number of TECs in
it.

Some benefits of using a TEC are:
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e No moving parts so maintenance is required less
frequently

e No chlorofluorocarbons (CFC)

e Temperature control to within fractions of a degree
can be maintained

e Flexible shape (form factor); in particular, they can
have a very small size

e Can be used in environments that are smaller or more
severe than conventional refrigeration

e Long life, with mean time between failures (MTBF)
exceeding 100,000 hours

e Controllable via changing the input voltage/current

Experimental setup

The effect of Peltier is a crucial concept in this study.
The thermoelectric effect is a direct exchange of temperature
differences to electric voltage and vice-versa

Thermoelectric coolers operate by Peltier effect
which also goes by general name thermoelectric effect.
However, the device has two sides when a DC electric current
passes over the Peltier; it generates heat from each side which
one side gets cooler while the other hotter

The hot side is attached to the heat sink which
remains at atmospheric temperature. On the other hand, the
cold runs below the room temperature

Fig.1 photographicview of experimental set up
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Fig.2 photographic view of peltier module

IV.RESULTS
A. Heat rejection vs current

The variation of heat rejection with respect to current
shows that the it is directly proportional when the current
increases the heat rejection rate also increasing because when
current flow increases the working of exhaust fan also
increases and hence the heat rejection rate increases this can

be obtain using the formula Q= mCp dt
25 1
2 4
2
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)
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Fig.3 Heat rejected Vs current

B. Coefficient of performance vs current
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Fig.4 coefficient of performance vs current

The figure shows the variation of COP with respect
to current and it shows that COP is increases up to a point
when the current increases and it decreases due to heat
produced in the peltier module it gets overheated due to the
increase in current flow and from the graph it is obtained that
the maximum COP reached is 2 above this it decreases

C. Temperature vs current

The Figure shows that the variation of temperature
with respect to current and it shows that current is increases
when the temperature increases because when the temperature
increases the rate of photon that hits the surface of the solar
panel will increase and hence the rate of flow of current will
increase

30
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Fig.5 temperature VS current

o

Efficiency vs temperature
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Fig.6 Efficiency vs temperature

The variation of temperature with respect efficiency
shows in the figure 5.4 it is obtained that efficiency decreases
as the temperature increases this what obtain in the P-V
characteristics of the solar panel where we that the panel will
reach the optimum point at 25°C at the same time from the
above graph that it will produce maximum efficiency at 300K
(i.e.27°C)

So from the above observation the panel will produce
maximum power at atmospheric temperature (32°C) if the
temperature rises above it the efficiency will decreases

E. Time vs temperature

The variation of time with respect to time in summer
and winter shows that the voltage and temperature will
maximum at noon time because of the position of the sun
directly above the head so that it reaches maximum intensity

So that by using tracking system can improve the
solar irradiation and hence the intensity can be tracked by it so
that maximum intensity which will utilized in the future work
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Fig.7 temperature Vs time
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