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Abstract— Refrigerator is one of the home appliances
utilizing vapour compression cycle in its process.
Performance of the system becomes main issue and many
researches are still on going to evaluate and improve
efficiency of the system. The main objective is to improve
performance of the refrigeration system in term of
refrigeration Capacity, Compressor work and Coefficient of
performance (COP) by determining three important
parameters during in operating mode which are temperature,
pressure and refrigerator flow rate. A household refrigerator
designed to work with F-12 which is use as an investigation
unit to assess the prospect of using refrigerants. Work on
condenser in domestic refrigeration is pretty development.
We are going to introduce the thermoelectric module in a
model of domestic refrigerator for sub cooling the
refrigerant and the effect of condenser temperature on COP
and refrigerating effect is in investigated. The energy
consumption of the refrigerator during experiment with
refrigerant F-12 will be measured.
Keywords: COP, Copper Tube,
Submersible Pump
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I. INTRODUCTION

Refrigeration is the removal of heat from a material or
space, so that its temperature is lower than that of its
surroundings. Or removing heat from a substance and
rejecting it elsewhere for the primary purpose of lowering
the temperature of the enclosed space. Cold is the absence of
heat, hence in order to decrease a temperature, one “removes
heat” rather than “adding cold “in order to satisfy the second
law of thermodynamics. Some form of work must be
performed to accomplish this. When refrigerant absorbs the
unwanted heat, this raises the refrigerant’s temperature
(“Saturation Temperature”) so that it changes from a liquid
to a gas — it evaporates. The system then uses condensation
to release the heat and change the refrigerant back into a
liquid. This is called “Latent Heat”.

This cycle is based on the physical principle, that a
liquid extracts heat from the surrounding area as it expands
(boils) into a gas.

To accomplish this, the refrigerant is pumped
through a closed looped pipe system.

The closed looped pipe system stops the refrigerant
from becoming contaminated and controls its stream. The
refrigerant will be both a vapor and a liquid in the loop.

Refrigeration is generally produced by one of the
following three ways.

1) By melting of a solid.
2) By sublimation of a solid.
3) By evaporation of a liquid.
Most of the commercial refrigeration is produced by the
evaporation of a liquid called refrigerant.

Il. METHODS OF REFRIGERATION

A. Non-Cyclic Refrigeration

In non-cyclic refrigeration, cooling is accomplished by
melting ice or by subliming dry ice (frozen carbon dioxide).
These methods are used for small-scale refrigeration such as
in laboratories and workshops, or in portable coolers.

Ice owes its effectiveness as a cooling agent to its
constant melting point of 0 °C (32 °F). To melt, ice must
absorb 333.55 kJ/kg (about 144 Btu/Ib) of heat.

Solid carbon dioxide has no liquid phase at hormal
atmospheric pressure, so sublimes directly from the solid to
vapor phase at a temperature of -78.5 °C (-109.3 °F), and is
therefore effective for maintaining products at low
temperatures during the period of sublimation.

B. Cyclic Refrigeration

This consists of a refrigeration cycle, where heat is removed
from a low-temperature space or source and rejected to a
high-temperature sink with the help of external work, and its
inverse, the thermodynamic power cycle. In the power
cycle, heat is supplied from a high-temperature source to the
engine, part of the heat being used to produce work and the
rest being rejected to a low-temperature sink.

A refrigeration cycle describes the changes that
take place in the refrigerant as it alternately absorbs and
rejects heat as it circulates through a refrigerator. It is also
applied to HVACR work, when describing the "process" of
refrigerant flow through an HVACR unit, whether it is a
packaged or split system.

The most common types of refrigeration systems
use the reverse-Rankine vapor-compression refrigeration
cycle, although absorption heat pumps are used in a
minority of applications.

I1l. CLASSIFICATION OF CYCLIC REFRIGERATION

A. Cyclic refrigeration can be classified as

1) Vapour cycle

2) Gascycle

3) Ice refrigeration system
4) Air refrigeration system

B. Vapor cycle refrigeration can further be classified as

1) Vapour-compression refrigeration system.
2) Vapour-absorption refrigeration system.

C. Special refrigeration systems are

1) Adsorption refrigeration system

2) Cascade refrigeration system

3) Mixed refrigeration system

4) Vortex tube refrigeration system

5) Thermo electric refrigeration system
6) Steam jet refrigeration system
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IV. VAPOR-COMPRESSION REFRIGERATION CYCLE

The vapor-compression cycle is used in most household
refrigerators as well as in many large commercial and
industrial refrigeration systems. Figure 1 provides a
schematic diagram of the components of a typical vapor-
compression refrigeration system.
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Fig. 1: Vapor compression refrigeration
The thermodynamics of the cycle can be analyzed
on a diagram as shown in Figure 1. In this cycle, a
circulating refrigerant such as Freon or R134a enters the
compressor as a vapor.

A. The Operation Represented Is As Follows for an
Idealized Plant

1) Compression:

A reversible adiabatic process 1-2 either starting with
saturated vapour called dry compression or start with wet
vapour called wet compression. Dry compression (1-2) is
always preferred to wet compression (1°-2”), because with
wet compression there is a danger of the liquid refrigerant
being trapped in the head of the cylinder by the rising piston
which may damage the valves or the cylinder head, and the
droplets of liquid refrigerant may wash away the lubricating
oil from the walls of the cylinder, thus accelerating wear.

2) Cooling and Condensing:

A reversible constant pressure process 2-3, first DE
superheated and then condensed, ending with saturated
liquid. Heat Qin is transferred out.

3) Expansion:

An adiabatic throttling process 3-4, for which enthalpy
remains unchanged. States 3 and 4 are equilibrium points.
Process 3-4 is adiabatic but not isentropic. Hence it is
irreversible and cannot be shown in property diagrams.
States 3 and 4 have simply been joined by a dotted line.

4) Evaporation:

A constant pressure reversible process 4-1, which completes
the cycle. The refrigerant is throttle by the expansion valve
to a pressure, the saturation temperature at this pressure
being below the temperature of the surroundings. Heat then
flows, by virtue of temperature difference, from the

surroundings, which gets cooled or refrigerated, to the
refrigerant, which then evaporates, absorbing the heat of
evaporation.

V. EXPERIMENTAL SETUP

Fig. 2: Experimental Setup
Our setup includes the following components
— Refrigerator
—  Water pump
— Pipes
—  Galvanized sheet metal compartment
— DCfan
—  Solar panel
— Battery
—  Wires

VI. WORKING:

As we have seen that there are lots of problem in electricity
so in order to reduce the consumption of power we have
plane to do this project as we have seen that every house has
a fridge in the house as in the normal used fridge there is air
cooling and the efficiency is less means the power
consumption is more so in order to save in electricity we are
used a fan and water pump which runs on solar energy
means we are cooling the condenser tube in order to
increase the efficiency of the system the main problem
comes in summer season and that time only the fridge
requirement is more do to which the power problems occurs
so solar is free source of energy so we are using this as to
cool the condenser.
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Fig. 3: Flow Chart

VIIl. SPECIFICATIONS OF THE COMPONENTS

. Galvanized sheet metal compartment
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Fig. 4: Galvanized sheet metal
The compartment is made from the galvanized sheet in
order to prevent from rusting.
Galvanized iron sheets are basically coated with zinc
and include a range of hot dip electro- galvanized iron
sheet.
The compartment is build around the condenser tubes
behind the refrigerator.
The dimension of the compartment are Length: 400mm
Height: 600mm
Thickness:100mm
Under the compartment the discharge tube is made in
order discharge the sprayed water on condenser tubes
The dimension of the discharge tube is:
Diameter: 15mm
Length: 60mm

Fig. 5: Compartment

Fig. 6: 3D view of compartment

Fig. 7: Isometric view of compartment

Refrigerator Pipe:

The refrigerator pipe is fitted above the condenser pipes
such that the water sprays on the condenser pipes in the
compartment.

The pipe is made with two nozzles in order to spray the
water on the condenser pipes.

Nozzle sprays are used to increase the liquid surface
area and create impact force on a solid surface.

The pipe is of 450mm in length and 10mm  diameter

Fig. 8: Refrigerator Pipe
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C. Solar Panel:

—  We are using the 12 volt 10 watt solar panel to generate
the electricity.

— Solar panels are an arrangement of solar cells mounted
in a frame and covered with glass.

— We are using the polycrystalline type of solar panel
which is available in the market.

—  The generated electricity from the solar panel is used to
run the D.C fan and water pump.

— Solar panels work by absorbing sunlight with
photovoltaic cells, generating DC current and then
converting into the stable alternating current.

Fig. 9: Solar panel

D. Battery:

Battery is used to store the electricity which is generated
from the solar panel.

We are using 12 volt 8amps battery to store the energy.
Batteries are collection of one or more cells whose chemical
reactions create a flow if electrons in the circuit

The electricity is stored in the battery to run the water pump
and the D.C fan
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Fig. 10: Battery

E. Water Pump:

—  We are using 12volt 10watt 4.2 liters/min water pump
to pump the water.

— The water pump is used to pump the water to the
sprayer nozzle from the reservoir in order to sprinkle
the water on the condenser tubes.

—  The water pump is a simple centrifugal pump driven by
a belt connected to the crankshaft of the engine. The
pump circulates fluid whenever the engine is running.
The water pump uses centrifugal force to the outside
while it spines, causing fluid to be drawn from the
center continuously.

Fig. 11: Water Pump

F. DC Fan

— DC fan is used to cool the condenser tubes with the
water sprayed on tubes, so that the heat is removed at
the faster rate.

— The DC fans are powered with a potential of fixed value
such as the voltage of a battery. In contrast, the AC fans
are powered with a changing voltage of positive and of
equal negative value.

— We are using 12 volt dc fan to cool the condenser tubes.

Fig. 12: DC Fan
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