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Abstract: To identify long term replacement for the existing refrigerant, requirements are no compromise in system
performance, proper refrigerant and lubrication interaction, energy efficient, environment friendly etc. After
Montreal protocol, use of refrigerants like CFC and HCFC banned because of high ozone depleting potential (ODP)
and global warming potential (GWP). After Kyoto protocol it was decided that use of HFC refrigerants should be
stopped in developed countries and in developing countries it is to be stopped use step by step. HFC refrigerants also
have suitable specifications such as non-flammability, stability, and similar vapour pressure to the refrigerant CFCs and
HCEFCs but very high global warming potential (GWP). Here, experimental investigation was carried out to observe the
performance of various environmental friendly refrigerant mixtures (HC mixture and R152a). Effect of working
parameters such as diameter of capillary tube, working pressures and inlet water temperatures, which directly affect
the coefficient of performance (COP) of VCR system. It was observed HC mixture and R152a is slightly less efficient
than R-134a. HC mixture and R152a having less environmental impact than R-134a due to low Global Warming
Potential.
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[. INTRODUCTION

The cooling system was developed in England in 1834 and the process later became known as vapour
compression. After availability of electricity automatic refrigeration system was developed in 1897. Basically a
refrigeration or air conditioning is nothing more than a heat pump whose job is to remove heat from a lower
temperature source and reject heat to high temperature sink. The Vapour Compression Refrigeration Cycle is a
process that cools an enclosed space to a temperature lower than the surroundings. To accomplish this, heat must
be removed from the enclosed space and dissipated into the surroundings. However, heat tends to flow from an
area of high temperature to that of a lower temperature. To complete a single cycle a refrigerant has to undergo
four stages. In first stage is of Evaporation and it is here that the refrigerant absorbs heat and cools the enclosed
volume. In next stage, during the Compression, the pressure of the refrigerant rises, the temperature rises above
that of the surrounding. As this hot refrigerant moves through the next stage, Condensation, the natural direction
of heat flow i.e. from higher temperature to lower temperature allows the release of energy into the surrounding air.
Finally, during the Expansion phase, the refrigerant temperature is lowered by what is called the auto refrigeration
effect. This cold refrigerant then goes to Evaporation stage again, removing more heat from the enclosed
volume. A visual representation of the cycle is displayed below with the explanation of each stage.

1.1 VCR System: Working Principle.

Refrigeration system works on second law of Thermodynamics that is the Clausius statement. It states that, “It is
impossible to construct a device which, operating in a cycle, will produce no affect other than the transfer of heat
from a cooler to a hotter body”.
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Figure 1: p-h Diagram for the Ideal Vapor Compression Refrigeration Cycle.

The vapor compression refrigeration system is illustrated on 2-property diagrams. Figure 1 and 2 shows p-h
and T-s diagram for ideal vapor compression cycle.
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Figure 2: T-S Diagram for the Ideal Vapor Compression Refrigeration Cycle

e Process 1 — 2 shows Isentropic compression (compressor).

e Process 2 — 3 shows Constant pressure heat rejection (condenser).
e Process 3 — 4 shows Isenthalpic expansion in (expansion device).
e Process 4 —1 shows Constant pressure heat absorption (evaporator)

A vapour compression cycle is used in most water cooler, refrigerator and deep freezers. In this cycle, a
circulating refrigerant such as R134a enters a compressor as low pressure vapour. The vapour is compressed and
exits the compressor as high-pressure superheated vapour. The superheated vapour travels under pressure through
coils or tubes comprising "the condenser", which are passively cooled by exposure to air in the room. The
condenser cools the vapour, which liquefies. As the refrigerant leaves the condenser, this liquid refrigerant is forced
through a metering or throttling device, also known as an expansion device (capillary tube) to an area of much lower
pressure. The sudden decrease in pressure results in explosive-like flash evaporation of a portion (typically about
one third) of the liquid. The latent heat absorbed by this flash evaporation is drawn mostly from adjacent still- liquid
refrigerant, a phenomenon known as "auto- refrigeration”". This cold and partially vaporized refrigerant continues
through the coils or tubes of the evaporator unit. The evaporator coil is soldered on to the walls of the storage tank
of the water cooler, generally on the outside surface of the walls. The tank may be galvanized steel or stainless steel
sheets. The water level in the tank is maintained by a float valve. In this water cooler, the machine will have to
run for a long time to bring down the temperature of the mass of water in the storage tank. When the water is
drawn from the cooler and equal amount of fresh water is allowed in the tank, the temperature will rise up slowly
and the machine starts again. As such there is always a reservoir of cold water all the time. Refrigerant leaves the
evaporator, now fully vaporized and slightly warm, and returns to the compressor inlet to continue the processes in
cycle.

Refrigerants: The working fluid which is used to exchange the heat from low temperature reservoir to high
temperature reservoir is known as refrigerant. Various types of refrigerant are discussed below.

CFC: They are consisting of carbon, chlorine and fluorine. They are stable, allowing them to reach the stratosphere
without too many hazards. It is solely responsible for the destruction of the ozone layer. These are R11, R12,
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R113, R500, R502 etc.

HCFC: They are consisting of carbon, chlorine, fluorine and hydrogen. There stability is less than CFCs and less
harsh to ozone. These are R22, R123, R124, R401a etc.

HFC: They are consisting of carbon, fluorine and hydrogen. They do not consist of chlorine and therefore do not
contribute in the destruction of the ozone layer. This is known as substitution substance. Restrictions on this
family of gas are currently limited. Within the European Union, the HFC will be restricted from  air
conditioners for cars from 2011. These are R134a.

Mixture of refrigerants: They can be classified according to the type of fluorinated components they contain. They
are also differentiated by the fact that some mixtures are:

e Zeotropic: in a state change (condensation, evaporation), the temperature changes. These are R401a,
R404a, R407a, R410a etc.

e Azeotropes: they behave like pure, with no change in temperature during the change of state. These are R500,
R502, and R507a etc.

Ammonia (NH3) or R717: Fluid inorganic thermodynamically is an excellent refrigerant for evaporation
temperatures between - 35 °C to 2 °C. But it is a fluid dangerous toxic and flammable, so it is generally used
in industrial refrigeration.

Carbon dioxide (CO,) or R744: This is inorganic, on-toxic, non-flammable, but inefficient in thermodynamics.
Its use would involve high pressure and special compressors. Currently, specialists in air conditioning and
refrigeration are interested again by:

e Its low environmental impact (ODP =0, GWP = 1);

e The low specific volume resulting in facilities with low volume (small leak);

e It has the distinction of having a low critical temperature at 31 °C at a pressure of 73.6 bars.
II. EXPERIMENTAL SETUP

This Experimental setup mainly consist of 5 basic components, i.e., a compressor, an evaporator, a condenser,
capillary tubes and a liquid line filter—drier, as shown in Fig. 3.There was used a system of a three- phase, 220
V, reciprocating compressor originally designed for R134a refrigerant. The power source with power 230-300
W was used to run the compressor. A compressor lubricant with basic ingredient as mineral oils was used. The
moisture was absorbed with silica gel drier filter. For good heat transfer performance Compact forced air cooled
type condenser was used. To find optimum operating point for the system capillary tubes with different internal
diameters were used. A stainless steel tank and shell and tube type copper tube were used to make evaporator
section. Puff was used as insulating material for evaporator tank. R134a, HC mixture (R290+R600a) and R152a
were used as refrigerants for the system. Some of the measuring and controlling components used in the system
were, an electrical switch, an energy meter, a voltmeter, an ammeter, a digital thermostat for controlling
the evaporator temperature, bourdon tube type Low pressure gauge and high pressure gauge, ‘J’ type
thermocouples and indicator and gas flow control valves as controlling valves.
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Figure 3: Schematic Diagram of Experimental Setup
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Figure 4: Experimental setup
Table 1: Description of setup component

Notation Component Description
\Y Voltmeter Range 0-300 v
A Ammeter Range 0-10 A
Py Discharge pressure gauge Range 0-300 psi
P Suction pressure gauge Range 0-150 psi
Ty Thermocouple ‘I and ‘T’ type
1 Energy meter Electronic, range 0-20 A
2 Temperature indicator ‘I’ Type, Range 0-750°C (iron—constantan)
3 Thermostat Digital controller
4 Switch 15 A switch
5 Evaporator tank Inner stainless steel tank insulated by puff
6 Water drainage Valve Brass Valve
7 Gas charging line 1/4 inch diameter line with brass valve
8 Compressor KCE444HAG, Hermetically sealed, Reciprocating type
9 Condenser fan motor 1/83 HP
10 Condenser 10 inch * 11 inch * 3 row
11 Filter drier DM 50 type containing silica gel
12 Expansion Device Capillary tube of ID 0.036 inch
13 Expansion Device Capillary tube of ID 0.040 inch
14 Expansion Device Capillary tube of ID 0.050 inch
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Figure depicts a comparative study of COP for 134a, 152a and HC mixture. Figure 5,6,7 shows variation
of COP for three refrigerants with inlet water temperature at three different capillary tube diameters , COP of
134a was higher at all water inlet temperatures as compared to other two refrigerants. It was observed from
figure 6 and 7 that COP for 134a is always higher than other two refrigerants. At 0.04 inch capillary tube
diameter COP for 152a at 40° C temperature was very close to COP for 134a at same water inlet
temperature. Figure 8,9,10 shows the variation of COP for different capillary tube diameter at three different
water inlet temperatures .COP for refrigerant 134a and 152a are close to each other when used in system with
three different capillary diameters. Performance of HC mixture was always less than that of 134a and 152a
for different capillary diameter Thus it was observed that performance of 134a is higher than 152a and HC
mixture. Also performance of 152a was next to that of 134a.
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IV. CONCLUSION

From above study, for three different refrigerants in a vapor compression refrigeration system, following
conclusion can be given as under.
e COP of R134a was higher than other two refrigerants at all inlet water temperature and capillary diameter.
e COP of HC mixture was seen to be lower than R134a and R152a refrigerants, so it is not efficient to use it.
e COP of R152a was slightly less than R134a.
While the experimental performance investigation, HC mixture and R152a was found to be safe and some care is
required to be taken while using HC mixture in a vapour compression refrigeration system. HC mixture and
R152a are having less environmental impact than R-134a due to low Global Warming Potential. Hence,
R152a can be used as a drop-in replacement refrigerant for R134a.
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