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Abstract
Refrigeration may be defined as the process of acl ving and maintaining a
temperature below that the surroundings the air beg to- freeze ice.cool some product or
space to the required temperature. The anm of modern refrigeration is the zero ozone depleaon
potential. low global warming potential and ability of liquids to absorb more quantities of
heat when boil&evaporate. Refrigeration have more no of applications.one of the important
applications of refrigeration is in ice plant.

We have considered this application because in future ice plant can be the
more preferable cooling device for long term protection of goods for the supply and sales.Ice
plant uses simple vapour compression cycle for producing refrigeration effect we have
considered this cycle for analysis by different eco friendly refrigerents.Several refrigerantes
have emerged as substitutes to replace R134a the most widely used tluorocarbon
refrigerantes. These include the environmentally cco-friendly hyarocarbon refrigerants like
R410A,R407C,R404A and R507A and environmentaly eco friendly na aral refrigeruntes .o
R600a. R134a is a pure refrigerant where as R410A R134A R404A R507A are blends of
refrigerantes. The advantages of blend refrigerants  are  that  properties  such  as

tlammability,capacity,discharge temperature.

In the project study the cffects of the main parameters such as refrigerant type
.degree of subcooling , super heating. cftect of condenser pressure and evaporator pressures
on the refrigeration etfect,coefficient of performance and compression work.C onsidering the
recent trends of replacement of ozone depleting and global warming refrigerants and
improvement in refrigerating effect. in present study .R600a refri »»rant replacement tor new

and exisiting systems presently using R134a.
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1. INTRODUCTION

1.1 Refrigeration:

The job of a refrigeration plant is to cool articles or substances down 1o, and
maintain them at a temperature lower than the ambient temperature, The refrigeration
system works on vapour compression refrigeration system, The vapour-compression uses i
circulating liquid refrigerant as the medium which absorbs and removes heat from the
space to be cooled and subsequently rejects that heat. Generally refrigerant enters the
compressor in the Thermodynamic state known as a saturated vapour and is compressed to
a higher pressure, resulting in a higher temperature as well. The hot, compressed vapour is
then in the thermodynamic state known as a superheated vapour and it is at a temperature
and pressure at which it can be condensed with either cooling water or cooling air. That hot
Vapour is cooled Condensed into a liquid by flowing through a coil or tubes. In condenser
Circulating Refrigerant rejects heat from the system. The condensed liquid refrigerant, in
the thermodynamic state known as a saturated liquid. Then refrigerant entered in the
expansion valve where it reduction in pressure. Finally enter in into evaporator and absorb

amount of heat from the products.

Condenser
Expansion Compressor
Valve

Evaporator

s —— 1
Qu/

Fig 1.1 Vapour compression refrigerating system



1.2 Refrigeration systems have four components:

A. Compressor

It compresses the refrigerant. The compressor receives low pressure gas from the
evaporator and converts it to high pressure gas. As the gas is compressed, the
temperature rises. The hot refrigerant gas then flows to the condenser.

B. Condenser

A condenser is a device or unit used to condense a substance from its gaseous to its
liquid state, by cooling it. In so doing, the latent heat is given up by the substance, and
will transfer to the condenser coolant.

C. Expansion Valve

Its function is to meter the amount of refrigerant to be supplied to evaporator and to

reduce the pressure up to evaporator pressure such that liquid can vaporise at the

evaporator coil.
D. Evaporator
An evaporator is used in an air-conditioning system to allow a compressed cooling
refrigerant, to evaporate from liquid to gas while absorbing heat in the process. It can

also be used to remove water or other liquids from mixtures.

Pt Vapour .
2 Superheated
§ Vapour
£
2 Compression
Adiabatic
Saturated

Isobaric 1\ Vapour

Liquid + Vapour

Entropy (S)
Fig 1.2 TS diagram
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Process 1-2: Isentropic compression of saturated vapour in compressor
Process 2-3: Isobaric heat rejection in condenser
Process 3-4: Isenthalpic expansion of saturated liquid in expansion device
Process 4-1: Isobaric heat extraction in the evaporator
1.3 Application of Refrigeration:
I'he major application of” refrigeration can be classified into major important areas.
1. Food processing, preservation and distribution
2. Chemical and process industries
3. Special Applications
1.3.1 Application of refrigeration in Food processing, preservation and
distribution:
Storage of Raw Fruits and Vegetables
Meat and poultry
Dairy Products: lce cream,buttermilk ete..
Beverages:  Production of  beer, wine and concentrated fruit juices require
refrigeration.
Processing and distribution of frozen food: Many vegetables, meat, fish and poultry

are frozen to sustain the taste, which nearly duplicates that of the fresh product.



1.3.2 Applications of refrigeration in chemical and process industries:
The industries like petroleum refineries, petrochemical plants and paper pulp
mdustries ete. require very large cooling capacities.

Separation of gases

Condensation of Gases

Dehunidification of Air

Solidification of Solute

Storage as liquid at low pressure

Removal of Heat of Reaction

Cooling for preservation

Recovery of Solvents

1.3.3 Special applications of refrigeration:

These are in manufacturing processes, applications in medicine, construc.on units
etc.

Cold Treatment of Metals

Medical storage

Ice Skating Rinks

Construction

Desalination of Water

Ice Manufacture
1.4 Methods of Refrigeration:

There are number of methods by which the refrigeration can be achieved. They are

broadly classified into two categories.

1. Non cyclic method of refrigeration

2. Cyclic method of refrigeration

1.4.1 1.Non cyclic method of Refrigeration:
In the non-cyclic method of refrigeration there is no thermodynamic cycle
followed for creating the cooling effect. There are two methods of non-cyclic

refrigeration process as described below:
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Ice Refrigeration: [n this method the ordinary ice is used for keeping the space at
temperature below the surrounding temperature. The temperature of ice is considered
to be 0 degree Celsius hence it can be used to maintain the temperatures of about 5 to
10 degree Celsius. This method of cooling is still being used for cooling the cold
drinks, keeping the water chilled in thermos, etc.

Dry ice refrigeration: Dry ice is the solid carbon dioxide having the temperature of -
78 degree Celsius. Dry ice converts directly from solid state to ,aseous; this process is

called as sublimation. The process of dry ice refrigeration is now-a-days being used
for freezing the food in aircraft transportation.

1.42 2 Cyclic method of 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 v. ork, and its inverse, the thermodynamic powe. cycle.
Cyclic refrigeration can be classified as:

Vapor cycle

Gas cycle

Vapour cycle refrigeration can further be classified as:

(a) Vapour compression refrigeration

(b) Vapour absorption system
Vapour absorption cycle

The most common combinations are ammonia (refrigerant) with water (absorbent),
and water (refrigerant) with lithium bromide (absorbent).
Gas cycle
When the working fluid is a gas that is compressed and expanded but doesn't

change phase, the refrigeration cycle is called a gas cycle. Air is most often this
working fluid. As there is no condensation and evaporation intended in a gas cycle,
components corresponding to the condenser and evaporator in a vapour compression
cycle are the hot and cold gas-to-gas heat exchangers in gas cycles.

The gas cycle is less efficient than the vapour compression cycle because the gas

cycle works on the reverse Brayton cycle instead of the reverse Rankine cycle. As

such the working fluid does not receive and reject heat at constant temperature.



1.5 CLASSIFICATION OF REFRIGERANTS

Primary refrigerants (Refrigerants that directly take part in the refrigeration process)
Secondary refrigerants (refrigerants that are first cooled by the primary refrigerants

and then further used for cooling purpose

1.5.1 Classification of primary refrigerar ts

1.5.1.1 Halocarbon compounds :

Chemical
Number Chemical Name Formula
R-11 Trichloro Monoflucro Methane CCLF
R-12 Dichloro Difluoro Methane CCLF:
R-13 Monochloro Trifluoro Methane CCIF3
R-22 Monochloro Difluoro Methane CHCIF-
R-113 Trichloro Difluoro Ethane C.CLF3

Table 1.1 Halocarbon compounds chemical formula

Azeotropes .

Consists of mixtures of different refrigerants which don’t separate into their

compounds wiih the change in pressure or temperature or both. They have fixed

thermodynamic properties.

Name Mixture by weight

R-500 73.8% of R-12 & 26.2% of R-152a
R-502 48.8% of R-22 & 51.2% of R-115
R-503 40.1% of R-23 & 59.9% of R-13

Table 1.2 Azeotropes mixture by weight
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MC mIXwre 1s a nuxture of two or more hiquids which, when mixed n precise
proportion. form a compound having a boiling temperature which is independent of
the boihng temperature of the mdividual liquids.

Hydrocarbons:

Most of the organic ¢ npounds are considered as refrigerant under "is group. Most

of them possess satisfa tory thermodynamic-properties but are highly {lammable.

| Number Chemical Name Chemical Formula

R 134a Tetrafluoroethane CH2FCEF3

Mixture of tetrafluoroethane,

Pentafluoroethane- Ci-3CH2F/CF3CH2F/
R 404a trifluoroethane CF3CH3

Mixture of Difluoromethane | CHF2CF3

R 407c ,pentafluoroethane.tetrafluoroethane
?
R 410A Mixture of puron and suva R 32/R 125
R 507A Forfane R 125/ R 143a
R 600a [sobutane C4H10

Table 1.3 Refrigerants chemical formula
1.5.1.2 Inorganic compounds:
The refrigerants under this group were universally used for all purposes before the
introduction of halo-carbon, refrigerants. Earlier they were used for different purposes

due to their inherent thermo-dynamic and physical properties, for example:
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Chemical
Number Chemical Name Formula Specific use
R-717 Ammonia NH: [ce plants
In  steam production
R-i18 Water H-O system
R-729 Air - For aeroplanes
R-744 Carbon Dioxide CO? For ship refrigeration

Table 1.4 Inorganic refrigerants specific use

1.5.1.3 Unsaturated Organic Compounds :

Comprising of mainly hydrocarbon group with ethylene and propylene bases, for

example:

Number Chemical Name Chemical Formula
R-1120 Trichloro Ethylene C2H4Cly

R-1130 Dichloro Ethylene C-H4Cl

R-1150 Ethylene C-Hy

R-1270 Propylene CzHs

1.6 Secondary refrigerants:

Table 1.5 Unsaturated organic compounds

e Secondary refrigerants (refrigerants that are first cooled by the primary

refrigerants and then further used for cooling purpose

a) water-glycol solutions

b) water-ethanol solutions

¢) acetate solutions.




L7 DESIRABLE PROPERTIES OF REFRIGERANTS:
L7. 1T THERMODYNAMIC PROPERTIES

(\) Boiling Point:

Low boiling temperature at atmospheric of the refrigerant is desirable. Compressor

has 1o be operated at high vacuum if the boiling point of the refrigerant 1, high at

atmospheric pressure,

Refrigerant Name Boiling Point at 760mm of Hg
R 134a -26.3°C

R 404a -46.45°C

R 407C -43.6°C

R 410A -51.6°C

R 507A -52.8°C

R 600a -11.7°C

Table 1.6 Refrigerants boiling point
(B) Freezing point:
Freezing point of the refrigerant is important because the refrigerant should not freeze

under required evaporator temperature. The refrigerant must have a freezing

temperature well below the evaporator operating temperature.

Refrigerant Name Freezing Point at 760mm of Hg
R 134a -142°C
R 404a -101°C
R 407¢ -160°C
R 410A -155°C
R600a o asec o

Table 1.7 Refrigerants freezing point
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(C) Evaporator and condenser pressure:

Itis always desirable to have positive pressure in evaporator and condenser for the
required temperatures. However, the pressures should not be too high above
atmospheric pressures. Too high pressure require very robust construction of the
refrigeration <ystem which require high initial cost and ligh operating cost also.
Positive pressures in the evaporator are necessary to prevent leakage of air and
mixture into refrigeration system.

The operating range is one of the major and important considerations in the selection
of refrigerant for the economical functioning of the refrigeration system.

The extreme pressure of CO; for the normal working temperature range, as is evident
from the above table, make it suitable refrigerant.

High difference between the evaporator and condenser pressure results in high
compression ratio. The power required to run iue compressor increases with
increasing ratio. High pressure ratio also requires more power and gives low
volumetric efficiency.

(D) Critical temperature and pressure:

The critical temperature of a vapour is defined as the temperature above which the
vapour cannot be condensed irrespective of increased pressure, The critical
temperature of the refrigerant used should be higher then the temperature occurring

within the condenser for easy condensation of the refrigerant vapor.

Refrigerant Name Critical Temperature ("C) Critical Pressure (kpa)
_NHz 132.8°C 1636
‘ rl;{ ié'c;aii 7 ;éQOC o 4060.3
PiR:t—()—lta__ - 161.18°C 54083
R 410a 72.8°C 4926.1
R 407C 8()‘.74"(‘ 4619.10
R 507 /\—— "76‘;:{ 3793.6
Ro00a | nsc 6600

Table 1.8 Refrigerants critical pressure and temperature
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(E) Latent heat of refrigerant:

High latent heat of refrigerant at evaporator temperature 1s desirable. The weight of
the refrigerant required to be circulated in the system per unit of refrigerating effect
will be low if the latent heat of refrigerant is high. This also reduces the initial cost of

the refrigerant used in the system.

refrigerant latent heat of vapourisation
(KJ/Kg)

R 134a 216

R 404a 200

R 407¢ 250

R 410A 256.7

R S07A 196.8

R 600a 366.5

Table 1.9 Refrigerants latent heat of vapourisation

1.7.2 SAFE WORKING PROPERTIES OF REFRIGERANTS

(A)Toxicity:

The toxic effect of the refrigerant on the human body is one of the major
considerations in the selection of the refrigerant. This is because of the possibility of
leakage of the refrigerant from the refrigerant system. Toxicity of the refrigerant may
cause the injury to the human body or even death depending upon its percentage in
air. It increase suffocation and poisons the air used for breathing.

(B) Flammability:

An ideal refrigerant should not have any danger of explosion in the presence of air or
when exposed to lubricating oil. Most of the commonly used refrigerants such as
freons are non flammable. Ammonia and methyl chloride burn with certain
concentrations in the air. The refrigerants from the family of hydrocarbon are highly
flammable.

(C) Corrosive Properties:

The chemical reaction of the refrigerant on the materials used in the refrigeration
system is not the prime consideration in the selection of the refrigerant, but the
selected refrigerant decides the material to be used for construction of the system.
The refrigerant must be chemically inert with the materials used for the refrigeration

system.
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readily attacked U acids. Freons also have high solvent action on natural
rubber so that svathetie rubber is used for gaskets.

lron and steel are commonly used with ammonia refrigerant as it reacts with copper,
brass and other copper alloys in the presence of water.

(D) Chemical Stability:

An wdeal refrigerant sheald be chemically stable and should not d:xcompose at
temperatures normal encountered in the refrigeration system.

Freon refrigerant are unstable above 600°C but such temperature are never reached in
a refrigeration svstem under normal working conditions.

(E) Effect On Stored Products:

The refrigerants used are specially for cold storage plants and for domestic fridge
svstems should not affect the quality (Le. color. taste etc.) of stored products when
these stored substances come in contact with the refrigerant.

Ammonia gets readily dissolved in water and become alkaline in nature. Most
vegetables. fruits and meat products are slightly acidic in nature and when exposed

ammonia reacts with these products and spoils the taste.

Freons have no effect on food. meats, vegetables, flowers and dairy products. There

will not be any change in color taste or texture of stored products which 1s exposed to

Freon.

1.7.3 PHYSICAL PROPERTIES:

(A) Specific volume:

Low specific volume of the refrigerant at the suction into compressor is always

desirable. because it reduces the size of the compressor for the same refrigeration

capacity. The reciprocating compressors are always used for refrigerants with low

specific volume at suction whereas the centrifugal compressors are desirable for

refrigerants with high specific volume. .
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(B)Specific Heat of Liquid And Vapour:
Low specific heat of liquid refrigerant & high specific heat of vapour refrigerant are
desirable because both tend to increase the refrigerating effect per kg of refrigerant.
The low specific heat of liquid refrigerants helps in increasing the sub cooling of
liquid and high specific heat of vapour helps in decreasing the super heating of
vapour.
A refrigera-t having both above properties gives consider: >ly high refrigerating effect
per kg of refrigerant.
(C) Thermal Conductivity:
The thermal conductivity of refrigerants in liquid & gaseous phase are required for
finding the heat transfer coefficient in evaporators and condensers.
High conductivity of refrigerant in both states are desirable.
(D) viscosity:
This property of refrigerant in both states carries importance for calculating heat
transfer coefficients in evaporators and condensers. This data is necessary for
designing the pumping units of the system. Low viscosity of the refrigerant in both

states are desirable. For better heat transfer and low power requirement for pumping

operation.

(E) Dielectric Strength:

It becomes an important factor when it is used in hermetically sealed unit where the
motor is exposed to the refrigerant.

The dielectric strength of different refrigerant vapours is compared with the dielectric

strength of nitrogen and ratio of two is termed as relative dielectric strength.
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