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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).[1][2] In 

other words, refrigeration is artificial (human-made) cooling.[3][4] 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 ? 

 



 



   

 

 



 

(b) Describe the different component of a simple apour compn refrigeration system   
3 (b) 2015 (W) 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(1) Compressor :-   

The low pressure and tempreture vapour regfigerant from evaporation is drain into the 

compressor through the inlet valve “A”. In the compressor it is compressed to high pressure 

and high temprature vapour refrigerant. 

 

(2) Condensor :-   
It is also called coolant consist of coils of pipe in which the high pressure and high temprature   

vapour refrigerant is cooled and condensed. The condensor gives it latent heat to the 
sorrounding which is normally are on water.   
 

 



(3) Reciever :-   
The Condensed Liquid refrigerant from the condenser is stored in a vessel 

known as Reciever. 

 

(4) Expansion Value :-   
It is also called throttle valve or refregerant on control valve. Its function is also allow 
the   

Liquid refrigerant under high pressure and temprature to pass of at a control rate after 

reducing pressure at temp some of the liquid refrigerant evaporates as it is passes 

through the expansion valve. 

 

(5) Evaporator :-   
It consist of coil of pipe in which the liquid vapour refrigerant at low pressure and 

temprature is evaporated and change in to vapour regrigerant at low pressure and 
temp.  

In any vapour compression system there are two different pressure condition one 
is called high pressure side and other is called the low pressure side.  

The high pressure side include the discharge Line, Receiver and expansion 
valve.  

The low pressure side include the evaporator piping from exapansion valve to compressor 

Q. derive the COP of vapor compression cycle with dry saturated vapor after compression. 

 



 



 

# Explain briefly with heat diagram working of a practical vapour absorption 
system. 2012-4(c), 2015- 4(c)  

 

Ans : In order to make the simple absorption system more practical, it is fitted with an 

analyser a rectifier, and two heat exchangers. The accessories help to improve 

the performance and working of the plant. 
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(1) Analyser :-  

 

# When ammonia is vapourised in generated some water is also vapourised and 
will flow into the condenser along with the amonia vapours in the simple 
systems.  

 

# The analyser may be built as an integral part of the generator. It consists of 
Series of trays mounted above the generator .  



 
# Here the vapour is cooled and most of the water vapour condenses.  

 

(2) Rectifier :- 

 
# In case of vapours are not completely removed in the analyser, a closed type vapour 
cooler  

called rectifier is used. 

 

# It is generally water cooled and may be of the double pipe, Shell and tube type. 

 

(3) Heat exchanger :- 

 

# These are provide between the pump and the generator is used to cool the weak 
solution.  

 

# The heat exchanger provided between the condenser & the evaporator is called 
liquid sub-cooler.   

 
 
Q. Give the Comparison between vapour absorption & vapour compression 

sys   
 

Ans : Vapour Absorption 

 

(i) The system is subjected to silence because it has no sliding part.  

 
(ii) Heat energy is applied.  

 
(iii) Energy input is more in this system.  

 
(iv) Changing of refrigerant is difficult  

 
(v) At reduced load it doesn’t effect COP.  
 
 
 Vapour Compression 

 

(i) The system is subjected to noise due to presence of compressor.   
(ii) Mechanical energy is applied.  

 
(iii) Energy input is low in this system.  

 
(iv) Changing of refrigerant is easy.  

 

(v) At reduced load the COP low.  
 

 



Reciprocating Compressors 

Reciprocating Compressors are one of the most widely used types of 
compressors for refrigeration and air conditioning applications. The 
reciprocating compressors comprise of the piston and the cylinder 
arrangement similar to the automotive engine. While the engine 
generates power after consuming fuel, the reciprocating compressor 
consumes electricity to compress the refrigerant. Inside the cylinder the 
piston performs reciprocating motion which enables the compression of 
refrigerant inside it. 

Principle of Working of the Reciprocating 
Compressors 

Apart from the piston and the cylinder arrangement, the reciprocating 
compressor also comprises of the crankshaft, connecting rod and other 
small connecting elements. The crankshaft is connected to the electric 
motor directly by coupling or by belt and driven by the pulley 
arrangement. The rotary motion of the crankshaft is converted into the 
reciprocating motion of the piston inside the cylinder via the connecting 
rod. Let us see the various strokes of the piston inside the cylinder (refer 
the figures below): 

Working of Reciprocating Compressor 

 



 

1. Piston at Top Dead Center (TDC) Position: 

 

Let us suppose that initially the piston is at the top position inside the 
cylinder; this is called as the top dead center (TDC) position of the 
piston. At this position the refrigerant that has already been compressed 
is delivered from the discharge valve. From the top dead center position 
the piston starts moving towards the downward direction. At this instance 
the discharge valve is already closed, while the suction valve opens due 
to suction pressure of the refrigerant from the suction pipeline. The 
refrigerant from the suction pipeline is taken inside the cylinder of the 
compressor via the suction valve. As the piston moves downwards, the 
amount of the refrigerant taken inside the cylinder increases. When the 
piston reaches bottom most position it is said to be in bottom dead 
center position (BDC). At this position the maximum amount of the 
refrigerant is sucked by the cylinder or compressor. 

2. Piston at Bottom Dead Center (BDC) Position: 

 

At the BDC position the maximum amount of the refrigerant has been 
taken inside the cylinder from the suction line of the refrigeration or air 
conditioning system. The piston now starts moving in the upward 
direction due to which the volume of the refrigerant inside the cylinder 
starts reducing, that means the refrigerant starts getting compressed and 
its pressure starts increasing. Due to high pressure of the refrigerant 
inside the cylinder, its suction valve closes. Due to crankshaft motion the 



piston continues moving upwards and compressing the refrigerant. The 
pressure of refrigerant goes on increasing as it gets more and more 
compressed. At the end of the compression stroke the discharge valve 
opens and the refrigerant is delivered to the discharge pipeline or tubing 
of the refrigeration or the air conditioning system. Due to the rotary 
motion of the crankshaft the reciprocating motion of the piston continues 
inside the cylinder and it finally reaches the TDC position, where all the 
compressed refrigerant inside the cylinder is delivered to the discharge 
line and the discharge valve closes. From here on the piston starts 
moving again to the BDC position and the operation of the compressor 
continues. 

When moving from BDC to the TDC position, the piston does not touch 
the cylinder at the top position, rather some volume is remains vacant 
between the top position of the piston and the cylinder, this volume is 
called as the clearance volume. Such clearance volume is also present 
at the bottom BDC position. 

Thus there are two strokes of the piston inside the cylinder, the suction 
stroke and the compression stroke. For each revolution of the crankshaft 
one suction and one discharge stroke of the piston inside the cylinder is 
produced. 


