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1.1 Introduction:

Refrigerator is a cooling appliance comprising a thermally insulated compartment and a
refrigeration system is a system to produce cooling effect in the insulated compartment.
Meanwhile, refrigeration is defined as a process of removing heat from a space or substance
and transfers that heat to another space or substance. Nowadays, refrigerators are
extensively used to store foods which deteriorate at ambient temperatures; spoilage from
bacterial growth and other processes is much slower in refrigerator that has low
temperatures. In refrigeration process, the working fluid employed as the heat absorber or
cooling agent is called refrigerant. The refrigerant absorbs heat by evaporating at low
temperature and pressure and remove heat by condensing at a higher temperature and
pressure. As the heat is removed from the refrigerated space, the area appears to become
cooler. The process of refrigeration occurs in a system which comprises of a compressor, a
condenser, a capillary and an evaporator arranged as depicted schematically in Figure 1.1.
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Figure 1.1: Schematic Diagram of A Refrigeration System
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Compressor is a mechanical device to compress and pump the refrigerant vapor from a low-
pressure region (the evaporator) to a high-pressure region (the condenser). The condenser
is a device for removing heat from the refrigeration system. In the condenser, the high
temperature and high-pressure refrigerant vapor transfers heat through the condenser tube
wall to the surrounding. When the temperature of the refrigerant vapor reaches the
saturation level, the latent heat is released causes condensation process and the refrigerant
vapor changes it phases into liquid form. The capillary tube controls the refrigerant flow
from the condenser to the evaporator and separates the system to high pressure and low-
pressure sides. The evaporator is a device for absorbing heat from the refrigerated space
into the refrigeration system by evaporating the refrigerant. To accomplish the process of
the heat removing from the refrigerated space, a system called refrigeration plant is created
and the plant works in a thermodynamic cycle which obeys Second Law of
Thermodynamic. The refrigeration plant used in the present work is called refrigerator.
Currently, the refrigerator is used widely around the world and this appliance become
necessity for household. Performance of a modern refrigerator is very efficient but the
research still ongoing to optimize the system. In fact, the same system would produce
different performance if it is operated in different countries especially between tropical
climate countries and countries with four climate seasons. Performance study of the
refrigeration system in the present work is one of effort to discover performance of the
Refrigerator by Analysis three important parameters which are refrigeration capacity,
compressor work and coefficient of performance (COP).

1.2 Domestic Refrigerators:

A refrigeration system provides cooling in a closed space by lowering the temperature. The
refrigeration systems we use in our homes are domestic refrigerators. Domestic refrigerators
are home appliances that store food and drinks. Unlike a large commercial system, a
domestic refrigerator provides cooling to a smaller area. A refrigerator is a rectangular
storage container that can easily fit in a kitchen space. We also use them in ice cream parlors,
small stores, and garages to keep food and drinks cold. A refrigerator transfers heat from
the space inside to its external environment. It will cool the space inside to a temperature
below the room temperature. If we keep food at room temperature, it can spoil easily. The
growth of bacteria present in food slows down when we cool it. The cold temperatures
inside a refrigerator help food stay fresh longer. It’s essential to keep perishable foods like
meat and dairy products refrigerated. If we leave milk on the kitchen counter, bacteria will
spoil it within two to three hours. However, keeping milk at a lower temperature will stay
fresh for a week or two.

1.3 Main components of domestic refrigerator:

The essential function of refrigerators is to use the evaporation of a liquid (refrigerant) to
absorb heat. The main working parts of a refrigerator include a compressor, a condenser, an
evaporator, an expansion valve, and a refrigerant.

A. Compressor: Refrigerant is truly the lifeblood of a refrigerator. It starts in the form of a
gas, then a liquid, and back to a gas as it cycles through the refrigerator’s parts. This is the
process that cools the refrigerator. In the early stages of refrigerator technology, toxic gases




Analysis of Performance Improvement Methods for a Vapor Compression Refrigeration System

such as ammonia were used as refrigerants. That changed in the 1930’s, when manufacturers
began using freon instead. Freon was used for many decades until recent discoveries by
scientists found it was harmful to the Earth’s environment. Most modern refrigerators now
use a compound called HFC 134a.

B. Condenser: The condenser is where the refrigerant liquefies. The condenser receives the
hot vapor, which are cooled down into a liquid. It’s distinguishable by its large copper coils,
and you can find them along the bottom or at the back of your unit.

C. Expansion valve: This cooling process then shifts to the expansion valve, which is a
thin set of copper tubes. The expansion valve lowers the liquid refrigerant’s temperature
and pressure dramatically, causing about half of it to evaporate. This refrigerant repeatedly
evaporating at extremely low temperatures is what creates the cool temperatures inside your
refrigerator and/or freezer.

D. Evaporator: The evaporator is where the cooling process ends and begins the process
of the next cycle. It takes the remaining refrigerant liquid and turns it back into a vapor,
which the compressor takes to start it all over again.

1.4 Review of Literature:

Vapor compression refrigeration cycle has four elements: evaporator, compressor,
condenser and expansion valve, respectively [1]. Vapor compression refrigeration system
is most commonly and domestic as well as large scale method of producing refrigeration
effect. One hand these systems provided quick refrigeration effect and heat rejection on
other hand by the chemical properties of refrigerant. The quantity of rejected heat from such
systems is quite high and this heat is removed in atmosphere as a waste [2]. This
refrigeration cycle is approximately a Rankine cycle run in reverse. A working fluid (often
called the refrigerant) is pushed through the system and undergoes state changes (from
liquid to gas and back) [3].

The latent heat of vaporization of the refrigerant is used to transfer large amounts of heat
energy, and changes in pressure are used to control when the refrigerant expels or absorbs
heat energy [4]. However, for a refrigeration cycle that has a hot reservoir at around room
temperature (or a bit higher) and a cold reservoir that is desired to be at around 34°F, the
boiling point of the refrigerant needs to be fairly low. Thus, various fluids have been
identified as practical refrigerants. The most common include ammonia, Freon (and other
chlorofluorocarbon refrigerants, CFCs), and HFC-134a (non-toxic hydrofluorocarbon) [5].
Condenser is an important component of any refrigeration system. In a typical refrigerant
condenser, the refrigerant enters the condenser in a superheated state. It is first de-
superheated and then condensed by rejecting heat to an external medium [6]. Compression
is the first step in the refrigeration cycle, and a compressor is the piece of equipment that
increases the pressure of the working gas. Refrigerant enters the compressor as low-
pressure, low-temperature gas, and leaves the compressor as a high-pressure, high-
temperature gas [7]. The condenser, or condenser coil, is one of two types of heat
exchangers used in a basic refrigeration loop. This component is supplied with high-
temperature high-pressure, vaporized refrigerant coming off the compressor. The condenser
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removes heat from the hot refrigerant vapor gas vapor until it condenses into a saturated
liquid state, a.k.a. condensation [8]. When the refrigerant enters the throttling valve, it
expands and releases pressure. Consequently, the temperature drops at this stage. Because
of these changes, the refrigerant leaves the throttle valve as a liquid vapor mixture, typically
in proportions of around 75 % and 25 % respectively [9]. Throttling valves play two crucial
roles in the vapor compression cycle. First, they maintain a pressure differential between
low- and high-pressure sides. Second, they control the amount of liquid refrigerant entering
the evaporator [10] The coefficient of performance (COP) and energy consumption need
more attention to provide high performance with low energy consumption of a vapor
compression refrigeration system. [11].

1.5 Working of Vapor Compressor Refrigerator System:
1.5.1 Components:

A. Evaporator: One kind of evaporator is a kind of radiator coil used in a closed
compressor driven circulation of a liquid coolant. That is called a refrigeration system to
allow a compressed cooling chemical, such as R-22 (Freon) or R-410A, to
evaporate/vaporize from liquid to gas within the system while absorbing heat from the
enclosed cooled area, for example a refrigerator or rooms indoors, in the process. This works
in the closed refrigeration system with a condenser radiator coil that exchanges the heat
from the coolant, such as into the ambient environment.

D
-
o
o\

=D

Figure 1.2: Evaporator

B. Expansion Device: Expansion device is also known as throttling device is an important
device that divides the high-pressure side and the low-pressure side of a refrigerating
system. It is connected between the receiver and the evaporator containing liquid refrigerant
at high pressure and liquid refrigerant at low pressure). The expansion device performs the
following function. It reduces the high-pressure liquid refrigerant to low pressure liquid
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refrigerant before being fed to the evaporator. It maintains the desired pressure difference
between the high- and low-pressure side of the system, so that the liquid refrigerant
vaporizes at the designed pressure in the evaporator. It controls the flow of refrigerant
according to the load evaporator.

Expansion
device.

Figure 1.3: Expansion device

C. Compressors: A compressor is the most important and often the costliest component
(typically 30 to 40 percent of total cost) of any vapor compression refrigeration system
(VCRS). The function of a compressor in a VCRS is to continuously draw the refrigerant
vapor from the evaporator, so that a low pressure and low temperature can be maintained in
the evaporator at which the refrigerant can boil extracting heat from the refrigerated space.
The compressor then has to raise the pressure of the refrigerant to a level at which it can
condense by rejecting heat to the cooling medium in the condenser.
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Figure 1.4: Compressor
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D. Condenser: It is ultimately in the condenser that heat is rejected in a VCRS refrigeration
machine. The vapor at discharge from the compressor is super-heated. Desirer heating of
the vapor takes place in the discharge line and in the first few coils of condenser.

It is followed by the condensation of the vapor at the saturated discharge temperature. In
some condensers, subcooling may also takes place near the bottom where there is only
liquid.

However, the sensible heat of the latent heat of the condensation process.

condenser

Figure 1.5: Condenser
1.6 Working of Vapor Compressor Refrigerator System Cycle:

Vapor Compression Refrigeration uses mechanical energy by repeating compression and
expansion of coolant fluid to achieve cooling by Joule-Thomson effect.

A majority of big refrigeration systems in use nowadays use the Vapor Compression
Refrigeration.
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Figure 1.6: Schematic diagram of Vapor Compression Refrigeration System

From the above figure by following processes analysis:

Process (1-2) From points 1 to 2, low-pressure liquid refrigerant in the evaporator
absorbs heat from its surrounding environment, usually air, water or some other liquid
and gets evaporated into gas. As such, the refrigerant is slightly superheated at the outlet
of the evaporator.

The evaporating liquid absorbs heat from the surroundings, thus performing the cooling
or refrigeration duty for the surrounding air, water or other medium. This is where the
refrigeration actually occurs

Process (2-3) From point 2 to 3 on figure-1.6, the superheated vapor from evaporator enters
the compressor where its pressure is increased due to compression. The temperature also
typically increases, since a part of the energy put into the compression process is transferred
to the refrigerant.

Process (3-4) From point 3 to point 4 on figure-1.6, the pressurized and superheated gas
from compressor outlet is sent to a condenser. The initial part of the cooling process de-
superheats the gas before it is then turned back into liquid. the cooling for this process is
usually accomplished by use of air or water.

A further reduction in temperature happens in the pipe work and liquid receiver (3b-4 on
figure-1.6), so that the refrigerant liquid is sub-cooled as it enters the expansion device.
This step is where the heat absorbed from process fluid at the evaporation stage is vented
out to atmosphere.
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Process (4-1) From point 4 to point 1 the high-pressure sub-cooled liquid passes through
the expansion device, which reduces its pressure as well as controls the flow into the
evaporator. The process is repeated from now in cycle.
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Figure 1.7: Components set-up
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1.7 Analysis of Performance:

The refrigeration is defined as the process of removal of heat from a region or state or a
substance to reduce and maintain its low temperature and transferring that heat to another
region, state or substance at higher temperature.
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The refrigeration process that employed in the domestic refrigerator is based on a vapor
compression cycle as shown in Figure 1.8 and collaborated with Figure 1.8. there are three
main parameter that were considered in this study; compressor power, refrigeration capacity
and coefficient of performance (COP).

Process line from 1 to 2 represents compressor power. Compressor power is defined as the
power needed to do the compression process in watt. The compressor power is determined
by multiplying enthalpy change across the compressor to the mass flowrate, thus

P =m(h, —hy) ey

Meanwhile, process from point 2 to 3 represents heat rejection through condenser. The
amount of heat rejected is not significant in the present study. Process from point 3 to point
4 shows throttling effect through capillary tube whereby the working pressure of refrigerant
will be reduced from discharge pressure to suction pressure.

Refrigeration capacity, which is represented by process line 4 to 1, is defined as the amount
of heat absorbed by a unit mass of refrigerant in evaporator.

The refrigeration capacity can be obtained using equation below:

Qin = m(hl - hz) 2)

The coefficient of performance (COP) is a measure of efficiency of the refrigerator. The
COP of a domestic refrigerator is the ratio of the refrigeration capacity to the energy
supplied to the compressor. It can be expressed by equation 3. \

Q.m m (hl - h4)
CO P=—=—x—"—= 3
p m (= ) 3

1.8 Installation of Domestic Refrigerator:

Before installing the unit, make sure that the floor in the kitchen is strong, the existing
flooring will easily withstand the weight of the appliance with all its contents.

Otherwise, it will be necessary to make repairs and strengthen the floor. A simple
instruction will explain how to properly install any refrigerator on the level are as follows-

a. Make sure that there are gaps between the refrigerator, walls and furniture;

b. by adjusting the height of the legs, set the fridge to the right level position;

c. Lift the front legs so that the fridge body tilts back a little so that the door can close
easily;

d. check once more the level of the fridge;

e. make sure that the appliances are fixed firmly on the floor, do not wobble and do not
tilt.
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After the fridge is installed, you need to complete it: set the racks, shelves, baskets for
vegetables, trays for eggs.

It is necessary to check that all the parts exactly fit into the appropriate grooves and do not
shift during operation.

In this way you will exclude the probability of food falling down after loading the
refrigerator.

Figure 1.8: Installing the Unit
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1.9 Specification of Domestic Refrigerator:

Analysis of Performance Improvement Methods for a Vapor Compression Refrigeration System

Brand Whirlpool
Model name/year DC -5256/2012
Freezer Capacity ( liter ) 80

Fresh Food Compartment Capacity (liter) | 230

Power Rating 160W

Current Rating 0.9A

Voltage 220-240V
Frequency S0Hz

No of door Single
Compressor Hermetic - sealed
Refrigerant type R134a

Figure 1.9: Specification of Domestic Refrigerator

1.10 Comparative Analysis of Recent Researches on VCR System Using
Domestic Refrigerator:

Study of 23 recent researches conducted on vapor compression refrigeration system done
nationally and internationally, have been summarized in tabular form. It basically includes
the methodology carried during those research works and major outcome obtained. Key
recommendations as a result of the researches have been also mentioned that can be applied
in domestic refrigerator for performance enhancement.
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