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CHAPTER-1
AIR REFRIGERATION CYCLE

Define refrigeration ?

The term refrigeration means cooling a space, substance or system to lower and/or maintain its
temperature below the ambient one (while the removed heat is rejected at a higher temperature).™ In
other words, refrigeration is artificial (human-made) cooling.®™ Energy in the form of heat is removed from
a low-temperature reservoir and transferred to a high-temperature reservoir.

Define unit of refrigeration ?

The unit of refrigeration is expressed in terms of ton of refrigeration (TR). ... One ton
of refrigeration is defined as the amount of refrigeration effect (heat transfer rate) produced during
uniform melting of one ton (100kg) of ice at 0°C to the water at the 0°C in 24 hours.

Define cop ?

The coefficient of performance or COP (sometimes CP or CoP) of a heat pump,
refrigerator or air conditioning system is a ratio of useful heating or cooling provided to work
required. Higher COPs equate to lower operating costs.

Define refrigerating effect ?

Refrigeration effect is the amount of heat that each pound of refrigerant retains
from the refrigerated space to deliver helpful cooling. In the gas cycle, the
refrigeration effect is equivalent to the result of the particular warmth of the gas
and the ascent in temperature of the gas in the low temperature side.

Define open and closed air refrigeration system ?

Open air refrigeration cycle: When cooled air from the turbine enters the cabin and comes
in physical contact with the occupants. It is not much in use because of moisture added to air
in the cabin.

Closed air refrigeration cycle OR dense cycle: When cooled air from the turbine passes
through the coil and a fan circulates and recirculates cabin air over it. The pressure of cooled
air in such systems is much higher than in the open system. Because of high pressure,
volume is less and hence density of air is high. It is therefore also called a dense system. It
reduces compression ratio and hence COP is high. There is no moisture problem too.



https://en.wikipedia.org/wiki/Cooling
https://en.wikipedia.org/wiki/Refrigeration#cite_note-1
https://en.wikipedia.org/wiki/Refrigeration#cite_note-1
https://en.wikipedia.org/wiki/Cooling
https://en.wikipedia.org/wiki/Refrigeration#cite_note-3
https://en.wikipedia.org/wiki/Refrigeration#cite_note-3

Derive the cop of bellcoleman cycle ?

2.9 Air Refrigerator Working on a Bell-Coleman Cycle (or
Reversed Brayton or Joule Cycle)

A Bell-Coleman air refrigeration machine was developed by Bell-Coleman and Light Foot
by reversing the Joule’s air cycle. It was one of the earliest types of refrigerators used in ships
carrying frozen meat. Fig. 2.5 shows a schematic diagram of such a machine which consists of a
compressor, a cooler, an expander and a refrigerator.
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The Bell-Coleman cycle (also known as reversed Brayton or Joule cycle) is a modification
of reversed Carnot cycle. The cycle is shown on p-v and T-s diagrams in Fig. 2.7 (a) and (b). At
point 1, let p,, v, and T, be the pressure, volume and temperature of air respectively. The four
processes of the cycle are as follows :

L. Isentropic compression process. The cold air from the refrigerator is drawn into the
compressor cylinder where it is compressed isentropically in the compressor as shown by the curve
1-2 on p-v and 7-s diagrams. During the compression stroke, both the pressure and temperature
increases and the specific volume of air at delivery from compressor reduces from v, tov,. We
know that during isentropic compression process, no heat is absorbed or rejected by the air.
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4. Constant pressure expansion process. The cold air from the expander is now passed to
e refrigerator where it is expanded at constant pressure p, (equal to P;). The temperature of aijr
Imcreases from Z, to T,. This process is shown by the curve 4-1 on the p-v and T-s diagrams. Due
%0 heat from the refrigerator, the i
the heat absorbed by the air
SXpansion per kg of air is
G =T, W, = 1)
We know that work done during the cycle per kg of air
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We know that for isentropic compression process 1-2,
¥ ~1

] (&)T
5 P

Similarly, for isentropic expansion process 34,
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