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Unit 4 

AIR COMPRESSOR  

INTRODUCTION 

Compressors are work absorbing devices which are used for increasing pressure of fluid at the 

expense of work done on fluid. The compressors used for compressing air are called air 

compressors. Compressors are invariably used for all applications requiring high pressure air. 

Some of popular applications of compressor are, for driving pneumatic tools and air operated 

equipment’s, spray painting, compressed air engine, supercharging in internal combustion 

engines, material handling (for transfer of material), surface cleaning, refrigeration and air 

conditioning, chemical industry etc. Compressors are supplied with low pressure air (or any 

fluid) at inlet which comes out as high pressure air (or any fluid) at outlet, Fig. Work required for 

increasing pressure of air is available from the prime mover driving the compressor. Generally, 

electric motor, internal combustion engine or steam engine, turbine etc. are used as prime 

movers. Compressors are similar to fans and blowers but differ in terms of pressure ratios. Fan is 

said to have pressure ratio up to 1.1 and blowers have pressure ratio between 1.1 and 4 while 

compressors have pressure ratios more than 4. 

 

 

 

Reciprocating compressors – 

Reciprocating compressor is the workhorse of the refrigeration and air conditioning industry. It is the 

most widely used compressor with cooling capacities ranging from a few Watts to hundreds of kilowatts. 

Modern day reciprocating compressors are high speed (≈ 3000 to 3600 rpm), single acting, single or 

multi-cylinder (upto 16 cylinders) type. Figure shows the schematic of a reciprocating compressor. 

Reciprocating compressors consist of a piston moving back and forth in a cylinder, with suction and 

discharge valves to achieve suction and compression of the refrigerant vapor. Its construction and 

working are somewhat similar to a two-stroke engine, as suction and compression of the refrigerant 

vapor are completed in one revolution of the crank. The suction side of the compressor is connected to 

the exit of the evaporator, while the discharge side of the compressor is connected to the condenser 

inlet. The suction (inlet) and the discharge (outlet) valves open and close due to pressure differences 

between the cylinder and inlet or outlet manifolds respectively. The pressure in the inlet manifold is 
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equal to or slightly less than the evaporator pressure. Similarly the pressure in the outlet manifold is 

equal to or slightly greater than the condenser pressure. The purpose of the manifolds is to provide 

stable inlet and outlet pressures for the smooth operation of the valves and also provide a space for 

mounting the valves. 

 

The valves used are of reed or plate type, which are either floating or clamped. Usually, backstops are 

provided to limit the valve displacement and springs may be provided for smooth return after opening or 

closing. The piston speed is decided by valve type. Too high a speed will give excessive vapor velocities 

that will decrease the volumetric efficiency and the throttling loss will decrease the compression 

efficiency. 

Performance of reciprocating compressors- 

 For a given evaporator and condenser pressures, the important performance parameters of a refrigerant 

compressor are: 

 a) The mass flow rate (m) of the compressor for a given displacement rate  

b) Power consumption of the compressor (Wc)  

c) Temperature of the refrigerant at compressor exit, Td, and  

d) Performance under part load conditions- 
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Temperature entropy diagram 

 

 

 

ACTUAL INDICATOR DIAGRAM 
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Theoretical indicator diagram of reciprocating compressor as shown in earlier discussion refers 

to the ideal state of operation of compressor. The practical limitations, when considered in the 

indicator diagram yield actual indicator diagram as shown in Fig 

 

Actual p-V diagram varies from theoretical p-V diagram due to following: Compressor has 

mechanical types of valves so the instantaneous opening and closing of valves can never be 

achieved. Also during suction and discharge there occurs throttling due to reduction in area of 

flow across inlet and exit valve. 1234 shows theoretical indicator diagram and actual indicator 

diagram is shown by 12_34_ on p-V diagram. Compression process 1–2 ends at state 2. At state 

2 exit valve should open instantaneously which does not occur and also due to restricted 

opening there shall be throttling causing drop in pressure. Due to time lag in opening of exit 

valve compression process is continued up to 2. Thus, additional work is done during delivery 

from compressor as shown by hatched area 2. After delivery stroke the inlet valve should 

theoretically open at 4 but does not open at this point instead is opened fully at 4. Shift from 

state 4 to 4_5 is there due to inertia in opening of valve throttling, gradual opening, and friction 

losses etc. Thus it is seen that during suction there occurs intake depression as shown in actual 

indicator diagram. Work required as shown in actual indicator diagram is more than theoretical 

diagram. In order to have compressor close to ideal compressor with minimum losses it shall be 

desired to have actual indicator diagram close to theoretical diagram, which requires less inertia 

and efficient operation of valves. Friction losses in piping’s and across valves should be 

minimized. 

MULTISTAGE COMPRESSION 
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ROTARY COMPRESSORS 

Rotary compressors are those compressors in which rotating action is used for compression of 

fluid. Rotary air compressors have capability of running at high speeds up to 40,000 rpm and can 

be directly coupled to any prime mover such as electric motor, turbine etc. due to compact 

design, no balancing problem and less no. of sliding parts. Comparative study of rotary 

compressor with reciprocating compressor shows that rotary compressors can be used for 

delivering large quantity of air but the maximum pressure at delivery is less compared to 

reciprocating compressors. Generally, rotary compressors can yield delivery pressure up to 10 

bar and free air delivery of 3000 m3/min. Rotary compressors are less bulky, and offer uniform 

discharge compared to reciprocating compressor even in the absence of big size receiver. 
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Lubrication requirement and wear and tear is less due to rotary motion of parts in rotary 

compressors compared to reciprocating compressors. Rotary compressors may work on the 

principle of positive displacement and dynamic action both. Rotary compressors having positive 

displacement may be of following types:  

(i) Roots blower 

(ii) Screw type or helical type compressor 

(iii) Vane type compressor 

(i) Roots blower: Roots blower is a positive 

displacement type rotary compressor. It has two rotors having two or three lobes 

having epicycloid and hypocycloid or involute profiles such that they remain in 

proper contact. Figure 16.13 shows two lobe rotors in a roots blower. To prevent 

wear and tear two rotors have clearance in between. Out of two rotors one is driven 

by prime mover while other one is driven by first rotor. When two rotors rotate then 

their typical geometry divides the region inside casing into two regions i.e. high 

pressure region and low pressure region. Although there occurs slight leakage across 

the mating parts which can only be minimised not eliminated completely. 
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CENTRIFUGAL COMPRESSORS 

Centrifugal compressor is a radial flow machine compressing the fluid due to the dynamic 

action of impeller. Centrifugal compressors have impeller mounted on driving shaft, diffuser 

and volute casing as shown in Fig. Centrifugal compressors have air inlet at the centre of 

impeller. The portion of impeller in front of inlet passage is called impeller eye 

 

Impeller is a type of disc having radial blades mounted upon it. Compressor casing has a 

diffuser ring surrounding impeller and the air enters the impeller eye and leaves from 

impeller tip to enter diffuser ring. Volute casing surrounds the diffuser ring. Volute casing 

has cross section area increasing gradually up to the exit of compressor. These impellers of 

centrifugal compressors may also be of double sided type such that air can enter from two 

sides (both) of impeller. Thus double sided impeller shall have double impeller eye 

compared to single impeller eye as shown in Fig. 
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Exercise :- 

1 Classify the compressors. 

2 Discuss the applications of compressed air to highlight the significance of compressors. 

3 Describe the working of single stage reciprocating compressor. 

4 Discuss the indicator diagram for reciprocating compressor. Also describe the factors 

responsible for deviation of hypothetical indicator diagram to actual indicator diagram. 

5 Obtain the volumetric efficiency of single stage reciprocating compressor with clearance 

volume and without clearance volume. 

6 Discuss the effects of clearance upon the performance of reciprocating compressor. 

7 Define isothermal efficiency. Also discuss its significance. 

8 What do you understand by multistage compression? What are its’ merits over single 

stage compression? 

Numerical problems 

1 A single stage single cylinder reciprocating compressor has 60 m3/hr air entering at 1.013 

bar, 15°C and air leaves at 7 bar. Compression follows polytropic process with index of 1.35. 

Considering negligible clearance determine mass of air delivered per minute, delivery 

temperature, indicated power and isothermal efficiency. [1.225 kg/min, 202.37°C, 4.23 kW, 

77.1%] 

2 A reciprocating compressor of single stage and double acting type has free air delivered at 

14 m3/min measured at 1.013 bar, 288 K. Pressure and temperature at suction are 0.95 bar 

and 305 K. The cylinder has clearance volume of 5% of swept volume. The air is delivered at 

pressure of 7 bar and expansion and compression follow the common index of 1.3. 

Determine the indicated power required and volumetric efficiency with respect to free air 

delivery. [63.55 kW, 72.4%] 

3 A single stage double acting reciprocating compressor delivers 14 m3/min measured at 

suction states of 1 bar and 20°C. Compressor runs at 300 rpm and air is delivered after 

compression with compression ratio of 7. Compressor has clearance volume of 5% of swept 

volume and compression follows polytropic process with index 1.3. Determine the swept 

volume of cylinder and indicated power in hp. [0.028 m3, 76.86 hp] 

4 A single stage single acting reciprocating air compressor handles 0.5 m3/min of free air 

measured at 1 bar. Compressor delivers air at 6.5 bar while running at 450 rpm. The 

volumetric efficiency is 0.75, isothermal efficiency is 0.76 and mechanical efficiency is 0.80. 
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Determine indicated mean effective pressure and power required to drive the compressor. 

[0.185 MPa, 3.44 hp] 

5 A single stage single acting reciprocating air compressor compresses air by a ratio of 7. The 

polytropic index of both compression and expansion is 1.35. The clearance volume is 6.2% of 

cylinder volume. For volumetric efficiency of 0.8 and stroke to bore ratio of 1.3 determine 

the dimensions of cylinder. [14.67 cm and 19.08 cm] 
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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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