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UNIT-II 

The vapour compression refrigeration system is an improved type of air refrigeration system in which a 

suitable working substance, termed as refrigerant is used. Itcondenses and evaporates at temperatures 

and pressures close to the atmospheric condition. The refrigerants usually used for this purpose are NH3, 

CO2 and SO2. The refrigerant does not leave the system, but is throughout the system alternately 

condensing and evaporating. In evaporating, the refrigerant absorbs its latent heat from the brine (salt 

water) which is used for circulating it around the cold chamber. While condensing, it gives out its latent 

heat to the circulating water of the cooler. The vapour compression refrigeration system is, therefore a 

latent heat pump, as it pumps its latent heat from the brine and delivers it to the cooler. 

The vapour compression refrigeration system is now-a-days used for all purpose refrigeration. It is 

generally used for all industrial purposes from a small domestic refrigerator to a big air conditioning plant. 

 

Advantages and Disadvantages of Vapour Compression Refrigeration system over Air Refrigeration 

system 

Following are the advantages and disadvantages of the system over air refrigeration system: 

Advantages 

1. It has smaller size for the given capacity of refrigeration. 

2. It has less running cost. 

3. It can be employed over a large range of temperatures. 

4. The coefficient of performance is quite high. 

 

Disadvantages 

1. The initial cost is high. 

2. The prevention of leakage of the refrigerant is the major problem in vapourcompression system. 

Mechanism of a Simple vapour Compression 

 

1. Compressor. The low pressure and temperature vapour refrigerant from evaporator isdrawn into 

the compressor through the inlet or suction valve A, where It is compressed to high pressure and 

temperature. This high pressure and temperature vapour refrigerant is discharged into the condenser 

through the delivery or discharge valve B. 

 

2. Condenser. The condenser or cooler consists of coils of pipe in which the high pressureand 

temperature vapour refrigerant is cooled and condensed. The refrigerant, while passing through the 

condenser, gives up its latent heat to the surrounding condensing medium which is normally air or water. 

3. Receiver. The condensed liquid refrigerant from the condenser is stored in a vesselknown as 

receiver from where it is supplied to the evaporator through the expansion valve or refrigerant control 

valve. 

4. Expansion valve. It is also called throttle valve or refrigerant control valve. The function ofthe 

expansion valve is to allow the liquid refrigerant under high pressure and temperature to pass at a 

controlled rate after reducing its pressure and temperature. Some of the liquid refrigerant evaporates as it 

passes through the expansion valve, but the greater portion is vaporised in the evaporator at the low 

pressure and temperature. 

 

5. Evaporator. An evaporator consists of coils of pipe in which the liquid-vapour refrigerantat low 

pressure and temperature is evaporated and changed into vapour refrigerant at low pressure and 
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temperature. In evaporating, the liquid vapour refrigerant absorbs its latentheat of vaporisation from the 

medium (air, water or brine) which is to be cooled. 

 

Types of vapour compression cycles with p-h and T-sdiagram 

Following are the important from the subject point of view. 

1. Cycle with dry saturated vapour after compression, 

2. Cycle with wet vapour after compression, 

3. Cycle with superheated vapour after compression, 

4. Cycle with superheated vapour before compression, and 

5. Cycle with undercooling or subcooling of refrigerant. 

 

1. Cycle with dry saturated vapour after compression:- 

 

 

 

 

 

 

 

 

 

 

Fig. Theoretical vapour compression cycle with dry saturated vapour after compression 

The work done during isentropic compression per kg of refrigerant is given by: � =  ℎ − ℎ  

 

The refrigerating effect or the heat absorbed or extracted by the liquid-vapour refrigerant during 

evaporation per kg of refrigerant is given by, �. � =  ℎ − ℎ = ℎ − ℎ�  

 C. O. P = Refrigerating effectwork done = ℎ − ℎℎ − ℎ = ℎ − ℎ�ℎ − ℎ  

 

2. Cycle with wet vapour after compression:- 

 

 

 

 

 

 

 

 

 

 

Fig. Theoretical vapour compression cycle with wet vapour after compression 
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The work done during isentropic compression per kg of refrigerant is given by: � =  ℎ − ℎ  

The refrigerating effect or the heat absorbed or extracted by the liquid-vapour refrigerant during 

evaporation per kg of refrigerant is given by, �. � =  ℎ − ℎ = ℎ − ℎ�  

 C. O. P = Refrigerating effectwork done = ℎ − ℎℎ − ℎ = ℎ − ℎ�ℎ − ℎ  

 

3. Cycle with superheated vapour after compression:- 

 

 

 

 

 

 

 

 

 

 

 

Fig. Theoretical vapour compression cycle with superheated vapour after compression 

The work done during isentropic compression per kg of refrigerant is given by: � =  ℎ − ℎ  

 

The refrigerating effect or the heat absorbed or extracted by the liquid-vapour refrigerant during 

evaporation per kg of refrigerant is given by, �. � =  ℎ − ℎ = ℎ − ℎ�  

 C. O. P = Refrigerating effectwork done = ℎ − ℎℎ − ℎ = ℎ − ℎ�ℎ − ℎ  

 

4. Cycle with superheated vapour before compression:- 

 

 

 

 

 

 

 

 

 

 

Fig. Theoretical vapour compression cycle with superheated vapour before compression 
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The work done during isentropic compression per kg of refrigerant is given by: � =  ℎ − ℎ  

 

The refrigerating effect or the heat absorbed or extracted by the liquid-vapour refrigerant during 

evaporation per kg of refrigerant is given by, �. � =  ℎ − ℎ = ℎ − ℎ�  

 C. O. P = Refrigerating effectwork done = ℎ − ℎℎ − ℎ = ℎ − ℎ�ℎ − ℎ  

 

5. Cycle with undercooling or subcooling of refrigerant:- 

 

 

 

 

 

 

 

 

 

 

 

Fig. Theoretical vapour compression cycle with sub cooling of refrigerant 

The work done during isentropic compression per kg of refrigerant is given by: � =  ℎ − ℎ  

 

The refrigerating effect or the heat absorbed or extracted by the liquid-vapour refrigerant during 

evaporation per kg of refrigerant is given by, �. � =  ℎ − ℎ = ℎ − ℎ�  

 C. O. P = Refrigerating effectwork done = ℎ − ℎℎ − ℎ = ℎ − ℎ�ℎ − ℎ  

 

Actual Vapour Compression Cycle: The actual vapour compression cycle differs from the theoretical 

vapour compressioncycle runny ways, some of which are unavoidable and cause losses. 
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The main deviations between the theoretical cycle and actual cycle are as follows: 

1. The vapour refrigerant leaving the evaporator is in superheated state. 

2. The compression of refrigerant is neither isentropic nor polytropic. 

3. The liquid refrigerant before entering the expansion valve is sub-cooled in the condenser. 

4. The pressure drops in the evaporator and condenser. 

The actual vapour compression cycle on T-s diagram is shown in Figure. The various processes are 

discussed below: 

(a) Process 1-2-3. This process shows the flow of refrigerant in the evaporator. The point 1represents the entry of 

refrigerant into the evaporator and the point 3 represents the exit of refrigerant from evaporator in a 

superheated state. The point 3 also represents the entry of refrigerant into the compressor in a superheated 

condition. 

The superheating of vapour refrigerant from point 2 to point 3 may be due to: 

1. Automatic control of expansion valve so that the refrigerant leaves the evaporator as the superheated 

vapour. 

2. Picking up of larger amount of heat from the evaporator through pipes located within cooled space. 

3. Picking up of heat from the suction and the compressor suction valve. i.e the pipe connecting the 

evaporator delivery and the compressor suction valve. 

In the first and second case of superheating the vapour refrigerant, the refrigerating effect as well as the 

compressor work is increased. The coefficient of performance, as compared to saturation cycle at the same 

suction pressure may be greater, less or unchanged.The superheating also causes increase in the required 

displacement of compressor and load on the compressor and condenser. This is indicated by 2-3 on T-s 

diagram as shownin Figure. 

Process 3-4-5-6-7-8. This process represents the flow of refrigerant through thecompressor. When the 

refrigerant enters the compressor through the suction valve at point3, the pressure falls to point 4 due to 

frictional resistance to flow. Thus the actual suction pressure is lower than the evaporator pressure (pE). 

During suction and prior to compression, temperature of the cold refrigerant vapour rises to point 5 when 

it comes in contact with the compressor cylinder walls. The actual compression of the refrigerant is shown 

by 5-6 in which is neither isentropic nor polytropic. This is due to the heat transfer between the cylinder 

walls and the vapour refrigerant. The temperature of the cylinder walls is some-what in between the 

temperatures of cold suction vapour refrigerant and hot discharge vapour refrigerant. It may assume that 

the heat absorbed by the vapour refrigerant from the cylinder wallsduring the part of the compression 

stroke is equal to heat rejected by the vapour refrigerant to the cylinder walls. Like the heating effect at 

suction given by 4-5 in Figure, there is a cooling effect discharge as given by 6-7. These heating and cooling 

effects take place at constant pressure at constant pressure to the frictionalresistance of flow, there is a 

pressure drop i.e. the actual discharge pressure (pD) is more than the condenser pressure (pC). 

(b) Process 8-9-10-11.This process represents the flow of refrigerant through the condenser.The 

process 8-9 represents the cooling of superheated vapour refrigerant to the dry saturated state. The 

process 9-10 shows the removal of latent heat which changes the dry saturated refrigerant in to liquid 

refrigerant. The process 10-11 represents the sub-cooling of liquid refrigerant in the condenser before 

passing through the expansion valve. This is desirable as it increases the refrigerating effect per kg of the 

refrigerant flow. It also reduces the volume of the refrigerant partially evaporated from the liquid 

refrigerant while passing through the expansion valve. The increase in refrigerating effect can be obtained 

by large quantities of circulating cooling water which should be at a temperature much lower than the 

condensing temperatures. 

(c) Process 11-1. This process represents the expansion of subcooled liquid refrigerant bythrottling 

from the condenser pressure to the evaporator pressure. 
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Factors affecting the performance of simple VCR system 

1. Suction pressure 

In actual practice, the suction pressure (or evaporator pressure) decreases due to thefrictional resistance 

of flo  of the ef ige a t. Let us o side  a theo eti al apou  o p essio  le - - -4' when the 

suction pressure decreases from ps to ps , as shown on p-h diagram in Figure (a). 

 

 

 

 

 

 

 

Fig. 4.9 (a) Effect of suction pressure (b) Effect of discharge pressure 

It may he noted that the decrease in suction pressure 

1.  Decreases the refrigerating effect from  

2.  Increases the work required for compression from  

 Since the C.O.P of the system is the ratio of refrigerating effect to the work done, therefore with 

the decrease in suction pressure, the net effect is to decrease the C.O.P of the refrigerating system, the 

refrigerating capacity of the system decreases and the refrigeration cost increases for the same amount of 

refrigerant flow. 

2. Discharge Pressure 

 In actual practice, the discharge pressure (or condenser pressure) increases due to the frictional 

esista e of flo  of the ef ige a t. Let us o side  a theo eti al apou  o p essio  le - - -4' 

when the discharge pressure increases fro  pD to pD , as shown on p-h diagram in Figure (b). 

It may he noted that the increase in discharge pressure 

1.  Decreases the refrigerating effect from  

2.  Increases the work required for compression from  

From above diagram with the increase in discharge pressure, the net effect is to decrease the C.O.P of the 

refrigerating system, the refrigerating capacity of the system decreases and the refrigeration cost increases 

for the same amount of refrigerant flow. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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