© 2025 IJNRD | Volume 10, Issue 8 August 2025 | ISSN: 2456-4184 | I]NRD.ORG

IJNRD.ORG ISSN : 2456-4184 -

- INTERNATIONAL JOURNAL OF NOVEL RESEARCH
* AND DEVELOPMENT (IJNRD) | IJNRD.ORG
RD Anlinternational Open Access, Peer-reviewed, Refereed Journal

DESIGN AND THERMAL ANALYSIS OF
THERMO-ELECTRIC REFRIGERATOR

Mr. D. Prabhakar !, Mr. Tammali Pavan ?
! Assistant Professor,2 M.Tech Student, Dept. of Mechanical Engineering,
Ellenki College of Engineering and Technology (Autonomous), Patelguda(V), Ameenpur (M),
Sanga Reddy, Telangana, India

Abstract: Global warming is getting worse every year in the modern world. There are numerous causes, including
water contamination, pollution, and deforestation. The main issue facing us in the upcoming years is the ozone layer's
thinning, which is brought on by the emission of CFCs. A few pieces of equipment that contribute to this effect are air
conditioners and freezers. Our primary goal in this study is to find a way to control this issue, and we have concentrated
on refrigerators that emit CFCs. Here, we are creating a small, environmentally friendly refrigerator that runs on
solar power. In this experiment, a lead acid battery (12V, 1.2 Amp hours) is charged using solar panels. Depending
on the user's discretion, a Peltier thermoelectric device powered by a battery can provide a hot or chilly effect. We just
need the cold option because we are utilizing this for the refrigerator. A Peltier thermoelectric device is connected to
the battery to produce a cooling effect. To show the voltage, we are utilizing the ADC0808 that is connected to the
controller. We are employing 555 timers to supply a clock pulse in order to operate this ADC. Designing and evaluating
a compressor-less refrigeration system is the project's goal. The 3D modeling program CATIA is used to create a
parametric model of the refrigerator. Because of its industry-leading productivity tools that encourage best practices
in design, Catia is the industry standard for 3D product design.

I- INTRODUCTION

Although evaporative cooling is a long-standing
concept in refrigeration, its use is restricted to specific
regions of the world because of its reliance on external
factors like relative humidity and dry bulb temperature.
Clay pots used in India to cool drinking water are a few
instances of evaporative cooling. Fishermen in Mexico
make ice in freezers to store. Over the years, scientists
have developed a variety of strategies, guidelines, and
techniques. The Seebeck and Peltier Effect is among
them.

The refrigerant undergoes phase changes in vapor-
compression refrigeration, commonly referred to as a
vapor-compression refrigeration system (VCRS). The
most popular method for air cooling automobiles and
buildings is this one. There are several commercial and
industrial applications for it, including freezers for
homes and businesses, refrigerator cars and train
wagons, and large massive vapor-compression
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refrigeration systems are often used in a variety of
industrial ~ facilities, such as chemical and
petrochemical processing plants, oil refineries, and
natural gas processing facilities.

Refrigeration reduces a restricted moving one area to
another. Devices that provide this function include air
conditioners, freezers, in  the  vapor-compression
process, gathering and removing heat from the region
that need cooling before rejecting it elsewhere.
demonstrates the application of a common technique.
consist of an evaporator, and sometimes referred to as
a metering device or throttle valve. When the
compressor is filled with circulating refrigerant, it is
compressed to a greater pressure and becomes a
saturated vapor, a thermodynamic state that enhances
temperature. When the pressure and temperature are
high enough for the hot, compressed vapor to condense
with cooling air or water passing over the coil or tubes,
it enters the thermodynamic condition known as a
superheated vapor. Heat from the system is now
rejected by the running refrigerant and eliminated by
the water or air.

Il - LITERATURE SURVEY

U.S. Pat. No. 4, 744, 224 shows the present intermittent
This technology is dependable, strong, and easy to use.
Produced locally, it generates ice at a cost around ten
times lower than photovoltaic refrigerators, meeting the
needs of poor nations. It has the capacity to store 10—
1000 kg of ice on any sunny day.

However, the current solar absorption refrigeration
technique still has two drawbacks that have prevented
it from becoming widely used. The high initial cost is a
concern with all solar technologies. The initial cost per
unit of ice generated would decrease with each action
that raises increases the total collecting raising
expenses. Second, because designed to create ice at
night, they must be around -10 degrees Celsius.During
the day, the cold box is kept at just over O degrees
Celsius by using stored ice. In other words, depending
on insulation and isolation, the evaporator region
naturally oscillates between around -12 and +4 degrees
Celsius. For many refrigeration applications, it would
be beneficial to have a separate thermostatic chamber
that is chilled by stored ice and keeps the temperature
at a reasonably constant +4 degrees Celsius.
Nonetheless, another class of applications necessitates
a generally consistent temperature of -20 degrees
Celsius. This is the temperature at which the "freezer
compartment,” or frozen food section, of the majority
of residential refrigerators functions. This degree of
refrigeration is necessary for the long-term
preservation of products such as measles, yellow fever,
and oral polio vaccinations. Conventional intermittent
absorption cycles lack a workable mechanism for

maintaining that temperature during the day, despite
the fact that they could be readily modified to give -20
degrees Celsius at night, albeit with significant
efficiency loss. The art is familiar with multiple-staged
absorption cycles, particularly for continuous cycles.

The primary focus of the study, is management
conversion. The investigation reveals a system with a
substantially lower coefficient of performance that
enables the considerably (about 70 degrees Celsius).

Aperture size and collection efficiency capital cost
issues are caused by two limitations. The sidereal
motion comes first. At solar noon, the sun's elevation
angle shifts by 46.5 degrees. Throughout the entire
year. The difference is roughly 5820 during three hours
before and after solar noon. Second, average
temperatures must be roughly 50 degrees Celsius
higher than ambient, and afternoon peak temperatures
must be around 15 degrees Celsius higher, in order for
the intermittent absorption refrigeration cycle to
operate effectively. At particular temperatures, A
concentrating collector, which has a solar aperture
greater than the solar target, is known to perform better
as the collecting temperature increases, compared
Reduced heat leakage and higher reflection loss are
balanced by a smaller target. In the scientific document
which was published in the in February 1986, Gordon
provides an example of an authorized It works better
when the concentration ratio (CR) is 1 at 21K above
ambient and 1.5 at 36K.

It is clear but it's also clear that cost and dependability
issues prevent autonomous tracking concentrators from
being widely used. states that a concentration ratio of
1/sin. theta. may be obtained from a stationary collector
with a complete CPC geometry, a significant quantity
of reflecting material is lost because the entire CPC
form is shaded for a significant proportion is shortened
that can be achieved A truncated CPC's acceptance
angle decreases as its aperture is increased in order to
acquire more CR, necessitating tracking or missing
some sun.

111 - DESCRIPTION OF THE PROJECT

While the condensed liquid refrigerant is directed via
an expansion valve, where its pressure suddenly drops,
the saturated liquid remains in its thermodynamic state.
Some of the liquid refrigerant flash evaporates
adiabatically as a result of this pressure reduction. The
temperature of the liquid and vapor refrigerant
combination is lowered by the auto-refrigeration action
of adiabatic flash evaporation until it is below the
temperature of the enclosed space that has to be
refrigerated. The evaporator's coil or tubes are
subsequently used to transmit the cold mixture. A fan
moves warm air through the enclosed room by passing
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over the coil or tubes that contain the cold mixture of
refrigerant liquid and vapor. The liquid part of the
chilled refrigerant mixture evaporates due to the warm
air.

Condenser may be ¢
water-cooled or OMmpressar
air-coaled. )

Evaporator Condenser

Expansion

Liquid + “apor el Liquid
TYPICAL SINGLE-STAGE

VAPOR COMPRESSION REFRIGERATION

The temperature of the enclosed space is
simultaneously lowered to the ideal level by the
moving air conditioner. The refrigerant moving
through the evaporator absorbs and releases heat. This
heat is rejected by the condenser, which transfers it to
a different site using the air or water present.
To complete the refrigeration cycle, the saturated
refrigerant vapor is sent back from the evaporator to the
compressor.

Control

More complex systems, including those with several
compressor installations, frequently incorporate
electronic controls. The temperature is controlled by
electronic expansion valves, and the pressure at which
compressors shut in and out is controlled via
changeable set points.

To provide supplementary protection against
compressors and other system components operating
outside of safe limits, separate high-pressure and low-
pressure switches are usually utilized in addition to
operational controls.

IV - WORKING PRINCIPLE

Often referred to as Peltier coolers, warmers, or
thermoelectric heat pumps, employ Other names for
this kind of equipment include thermoelectric coolers
(TEC), solid state refrigerators, Peltier devices, and
Peltier heat pumps.

While both heating and cooling may be achieved with
it, cooling is usually the main use. It may.

The device is employed creating a temperature
differential between the two sides. When the device is
utilized as a generator, a voltage differential (also
called the Seebeck effect) occurs between the two sides
because however, for a number of design and
packaging reasons, and vice versa.

Operating

The process by which thermoelectric coolers function
is called the Peltier effect, or the more general
thermoelectric effect. Heat is transferred from one of
the device's two sides to the other cools underneath it.
It is possible to reduce the temperature in some
applications by cascading many coolers together.

Hot side

Electrical connection

Cold side

Interconnect

Typically, there is a 70 °C temperature difference
between a single-stage TEC's hot and cool sides. A
TEC's efficiency drops as it transmits more heat
because it has to disperse both the heat it is transmitting
are only approximately a quarter as efficient as
traditional techniques, accounting for only around 10—
15% of the efficiency of an optimum cycle refrigerator.
40-60% efficiency is attained by traditional Because
thermoelectric cooling is less efficient, it is usually only
used when solid-state features, including its compact
size, lack of moving parts, insensitivity to orientation,
and minimal maintenance needs, are more important
than pure efficiency.

V - COMPONENTS USED IN THERMO-
ELECTRIC REFRIGERATOR SYSTEM

Voltage regulator

That is supplied regulators are devices requires a in
order to achieve these voltage levels. The digits 05 and
whereas the first number, 78, denotes a positive supply.
The L78xx comes in packages in D2PAK, and DPAK
has numerous fixed output voltages, making it
appropriate eliminate by providing local on-card
regulation. Because shutdown, and are used, each kind
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is almost indestructible. If there is enough heat sinking
available, they can generate output currents more than
1 A. Although their main function is to regulate fixed
voltages, may be paired produce

I. SOLAR PANEL

Sometimes referred to as a solar module, photovoltaic
module, or photovoltaic panel. When included into a
larger photovoltaic system, the solar panel may
generate and deliver power for both residential and
commercial purposes. Each determines its rating under
standard test conditions. An 8% efficiency efficiency
panel. Efficiency dictates the size of a panel with the
same rated output.
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When there is partial panel shading, external bypass
diodes can be used or added to boost the output of the
lighted panel components. Monocrystalline silicon
cells' p-n junctions might offer sufficient reverse
voltage properties to guard against harmful reverse
current in panel sections. Shaded cells may overheat as
a result of reverse currents. Higher temperatures reduce
the efficiency of solar cells, thus installers make an
effort to provide enough ventilation behind solar
panels.

VI - DESIGN METHODLOGY OF THERMO-
ELECTRIC REFRIGERATOR SYSTEM

5.1 Introduction to CATIA

Dassault Systems released the 3D CAD program
CATIA V5in 1999. It was replaced by this whole new
design tool, which was considerably different from
CATIA V4. depending on the IT environment. The
idea behind CATIA V5 is to digitally incorporate every
step of the product development process, from the
initial draft to the design and layout to the final stages
of production and assembly. This CAE training course
will cover the topic of workbench mechanical design.

Infrastuciure

R‘u echanical Design
Shape
Analysis B Simulation
AEC Plart
Machining
'Qigital Mlockup
Equipment & Systems
Cigital Process for Manufacturing

Ergonornics Design & Analysis

v L R Y e e I A

Enowledgeware

Among the industries that can benefit from the usage of
CATIA are automotive, industrial equipment, and
services. The most popular programs are Solid Works,
NX  (previously Unigraphics), Pro/ENGINEER,
CATIA V4, and CATIA V5.
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Fig: 5.1: Home Page of CatiaV5
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Fig: 5.2: Model design in CATIA-V5
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Fig: 5.3: Model arrangement of mechanism in
CATIA-V5

5.4.3 Assembly Modeling of Compressor less
Refrigerator System

Manipulate: When appropriate restrictions are given
to the component, this command can be used to rotate,
turn, or manipulate it in any desired direction.
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Flg 5.21: Using Manipulate Command

Multi View: With this command, all of the component
or model views can be edited under the workbench and
shown on the screen simultaneously.
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Flg 5 22 Using Multl View Command

VI - ANALYSIS OF THERMO-ELECTRIC
REFRIGERATOR SYSTEM

6.1 How to Perform FE Analysis using ANSYS:
ANSYS is used for the analysis. In order to compete,
moments must be applied at the designated rotational
point along the axis; assembly is not necessary. The rod
assembly machine's bottom legs serve as the fastening
point.

6 2 The preprocessor

Fig.6.1: Import panel in Ansys.

6.2.1 Meshing:

Tetrahedra, pyramids, prisms, or hexahedra must be
included in three-dimensional meshes made for finite
element analysis. Any polyhedral ones can be utilized
for the finite volume approach. Multi-block structured
meshes, which are piecewise structured arrays of
hexahedra, are typically required for those utilized for
finite difference methods.

6.3 Compressor-less Thermo-Electric Refrigerator
System Analysis Process:

Because of its quadratic displacement behavior, this
tetrahedral element is perfect for Significant deflection,
high strain, stress stiffening, swelling, creep, and
plasticity are some of the element's other
characteristics.

F|965 lemg the solid component—thermal—
preferences is acceptable.

Fig.6.6: Sélecting the Element Type by entering
into the preprocessor.

Fig.6.13: Image of Element where Loads are
applied
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Fig.6.14: Window for solving the matrices
problem, as done

Fig.6.15: Results Selection

VII - DISCUSSION ON ANALYSYS RESULT

7.1 Results of Thermal Gradient:

Fig: 7.1: Thermal Gradient Analysis of
Refrigerator Body

Fig: 7.2: Thermal Gradient Analysis of Heat Sink

Fig: 7.3: Thermal Gradient Analysis of Peltier
Plate

Fig: 7.4: Thermal Gradient Analysis of Fan +
Motor

7.3 Results of Thermal Flux:

Fig: 7.5: Thermal Flux Analysis of Refrigerator
Body

Fig: 7.6: Thermal Flux Analysis of Heat Sink
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Fig: 7.8: Thermal Flux Analysis of Fan + Motor

7.4 Results of Heat Flow:

Fig: 7.10: Heat Flow Analysis of Heat Sink

Fig: 7.12: Heat Flow Analysis of Fan + Motor
VIII - CONCLUSION AND FUTURE SCOPE

The aforementioned outcome demonstrates that we
used a limited thermodynamic system to successfully
lower the refrigerator's temperature. A 10-liter
thermoelectric refrigerator has been conceived and
constructed. a system that uses no refrigerants, making
it more environmentally friendly. Because there are
fewer moving parts (it doesn't require a compressor), it
is sturdier and quieter. The solar refrigerator's
advantage is that its power output is not constant
because solar energy isn't accessible all day. It also
maintains its intensity by using batteries at different
periods of the year.

As a result, it can only be utilized in locations with
abundant, year-round, and mostly daytime sunlight. For
the compressor-less refrigerator's behavior, a highly
nonlinear model is taken into consideration. To find out
how the control parameters affect the response,
parametric research is carried out.

The outcome was favourable. During the final
assembly design phase, there are no issues or failures.
must demonstrate that the aforementioned concept is
implemented in order to apply for upcoming projects.
The refrigerator mechanism's design also performed
flawlessly in analysis; these facts all strongly suggest
that we achieved our goal. Lastly, | report that the
design model results are displayed without any issues
and that the original assembly is fine.
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FUTURE SCOPE

Solar energy now provides a significant amount of our
nation's energy demands. It is evolving quickly, and
scientists are investigating its possible applications
across numerous industries. The refrigerator offers a
cost-effective and practical alternative for areas where
chilling is necessary but energy is unavailable. The
development of a compact compressor-less solar
refrigerator was the main objective of this project, and
it was successful. This refrigerator may be used in a
wide range of settings and applications. Since it has
adequate interior space to hold the necessary quantity
of drugs and injections needed at basic health care
clinics in locations with sporadic or nonexistent
electricity, the refrigerator's primary purpose is also
accomplished. There are still many ways to make this
refrigerator more sophisticated and user-friendly, even
if it is now running at maximum efficiency.

The internal temperature of the refrigerator can be
further lowered by adding additional Peltier devices. It
is possible to turn it into a temperature-controlled
refrigerator by using controllers. In order to monitor the
temperature within the refrigerator, this refrigerator can
also be fitted with a digital temperature sensor and LCD
display. The refrigerator in this project is constructed
using aluminium foil and a Thermo coil. This
refrigerator's construction can be made more robust by
using wooden materials. Additionally, wood will serve
as the cooling compartment's extra insulator.
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