1.1. Introduction
Refrigeration may be defined as the process of achieving and maintaining a
temperature below that of the surroundings, the aim being to cool some product or space to
the required temperature. One of the most important applications of refrigeration has been the
preservation of perishable food products by storing them at low temperatures. Refrigeration
systems are also used extensively for providing thermal comfort to human beings by means
of air conditioning. Air Conditioning refers to the treatment of air so as to simultaneously
control its temperature, moisture content, cleanliness, odour and circulation, as required by
occupants, a process, or products in the space. The subject of refrigeration and air
conditioning has evolved out of human need for food and comfort, and its history dates back
to centuries. The history of refrigeration is very interesting since every aspect of it, the
availability of refrigerants, the prime movers and the developments in compressors and the
methods of refrigeration all are a part of it. The French scientist Roger ThÝvenot has written
an excellent book on the history of refrigeration throughout the world. Here we present only arief
history of the subject with special mention of the pioneers in the field and some
important events.

1.3. Artificial Refrigeration
Refrigeration as it is known these days is produced by artificial means. Though it is
very difficult to make a clear demarcation between natural and artificial refrigeration, it is
generally agreed that the history of artificial refrigeration began in the year 1755, when the
Scottish professor William Cullen made the first refrigerating machine, which could produce
a small quantity of ice in the laboratory. Based on the working principle, refrigeration
systems can be classified as vapour compression systems, vapour absorption systems, gas
cycle systems etc.
1.3.1. Vapour Compression Refrigeration Systems:
The basis of modern refrigeration is the ability of liquids to absorb enormous
quantities of heat as they boil and evaporate. Professor William Cullen of the University of
Edinburgh demonstrated this in 1755 by placing some water in thermal contact with ether
under a receiver of a vacuum pump. The evaporation rate of ether increased due to the
vacuum pump and water could be frozen. This process involves two thermodynamic
concepts, the vapour pressure and the latent heat. A liquid is in thermal equilibrium with its

own vapor at a pressure called the saturation pressure, which depends on the temperature
alone. If the pressure is increased for example in a pressure cooker, the water boils at higher
temperature. The second concept is that the evaporation of liquid requires latent heat during
evaporation. If latent heat is extracted from the liquid, the liquid gets cooled. The temperature

of ether will remain constant as long as the vacuum pump maintains a pressure equal to
saturation pressure at the desired temperature. This requires the removal of all the vapors
formed due to vaporization. If a lower temperature is desired, then a lower saturation pressure
will have to be maintained by the vacuum pump. The component of the modern day
refrigeration system where cooling is produced by this method is called evaporator.
If this process of cooling is to be made continuous the vapors have to be recycled by
condensation to the liquid state. The condensation process requires heat rejection to the
surroundings. It can be condensed at atmospheric temperature by increasing its pressure. The
process of condensation was learned in the second half of eighteenth century. U.F. Clouet and
G. Monge liquefied SO2 in 1780 while van Marum and Van Troostwijk liquefied NH3 in
1787. Hence, a compressor is required to maintain a high pressure so that the evaporating
vapours can condense at a temperature greater than that of the surroundings.

1.3.1.2. Air conditioning systems:
Refrigeration systems are also used for providing cooling and dehumidification in
summer for personal comfort (air conditioning). The first air conditioning systems were used
for industrial as well as comfort air conditioning. Eastman Kodak installed the first air
conditioning system in 1891 in Rochester, New York for the storage of photographic films.
An air conditioning system was installed in a printing press in 1902 and in a telephone
exchange in Hamburg in 1904. Many systems were installed in tobacco and textile factories
around 1900. The first domestic air conditioning system was installed in a house in Frankfurt
in 1894. A private library in St Louis, USA was air conditioned in 1895, and a casino was air

conditioned in Monte Carlo in 1901. Efforts have also been made to air condition passenger
rail coaches using ice. The widespread development of air conditioning is attributed to the
American scientist and industrialist Willis Carrier. Carrier studied the control of humidity in
1902 and designed a central air conditioning plant using air washer in 1904. Due to the
pioneering efforts of Carrier and also due to simultaneous development of different
components and controls, air conditioning quickly became very popular, especially after
1923. At present comfort air conditioning is widely used in residences, offices, commercial
buildings, air ports, hospitals and in mobile applications such as rail coaches, automobiles
aircrafts etc. Industrial air conditioning is largely responsible for the growth of modern
electronic, pharmaceutical, chemical industries etc. Most of the present day air conditioning
systems use either a vapour compression refrigeration system or a vapour absorption
refrigeration system. The capacities vary from few kilowatts to megawatts.

1.3.2. Vapour Absorption Refrigeration Systems:
John Leslie in 1810 kept H2SO4 and water in two separate jars connected together.
H2SO4 has very high affinity for water. It absorbs water vapour and this becomes the
principle of removing the evaporated water vapour requiring no compressor or pump. H2SO4
is an absorbent in this system that has to be recycled by heating to get rid of the absorbed
water vapour, for continuous operation. Windhausen in 1878 used this principle for
absorption refrigeration system, which worked on H2SO4. Ferdinand Carre invented aquaammonia absorption system in 1860. Water is a strong absorbent of NH3. If NH3 is kept in a
vessel that is exposed to another vessel containing water, the strong absorption potential of
water will cause evaporation of NH3 requiring no compressor to drive the vapours. A liquid
pump is used to increase the pressure of strong solution. The strong solution is then heated in
a generator and passed through a rectification column to separate the water from ammonia.
The ammonia vapour is then condensed and recycled. The pump power is negligible hence;
the system runs virtually on low- grade energy used for heating the strong solution to separate
the water from ammonia. These systems were initially run on steam. Later on oil and natural
gas based systems were introduced. Figure 1.4 shows the essential components of a vapour
absorption refrigeration system. In 1922, Balzar von Platen and Carl Munters, two students at
Royal Institute of Technology, Stockholm invented a three fluid system that did not require a
pump. A heating based bubble pump was used for circulation of strong and weak solutions

and hydrogen was used as a non-condensable gas to reduce the partial pressure of NH3 in the
evaporator. Geppert in 1899 gave this original idea but he was not successful since he was
using air as non-condensable gas. The Platen-Munters refrigeration systems are still widely
used in certain niche applications such as hotel rooms etc. Figure 1.5 shows the schematic of
the triple fluid vapour absorption refrigeration system.

