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UNIT – 7                                                                          Air Compressors 
 

 

Working of a single stage reciprocating air compressor, Calculation of work input, Volumetric 

efficiency, Isothermal efficiency, Advantages of multi stage compression, Two stage compressor with- 

Inter-cooling, Perfect Inter cooling, Optimum intercooler pressure. 

 
 

� Introduction: 

 

It is a mechanical component (machine) to compress the air with raise its pressure. The air 

compressor sucks air from the atmosphere and compresses it then further delivers with a high 

pressure to a storage vessel. From the storage vessel, it may be transmit by the channel (pipeline) 

to a place where the supply of compressed air is required. Afterward the compression of air 

requires some work to be done on it; therefore a compressor must be driven by some prime 

mover. 

 

Application of Air Compressor: 

 

It is used for operating pneumatic drills, riveters, road drills, paint spraying, in starting and 

supercharging of internal combustion engines, in gas turbine plants, jet engines and air motors, 

etc. It is also employ in the operation of lifts, rams, pumps etc. 

 

� Classification of Air Compressors: 

 
1. According to working: 

 

• Reciprocating compressors 

• Rotary compressors 

 

2. According to action: 

 

• Single acting compressors 

• Double acting compressors 

 

3. According to number of stages: 

 

• Single stage compressors 

• Multi-stage compressors

� Important Definitions: 

 

1. Inlet pressure: It is the absolute pressure of air at the inlet of a compressor. 

 

2. Discharge pressure: It is the absolute pressure of air at the outlet of a compressor. 

 

3. Compression ratio (or pressure ratio):  It is the ratio of discharge pressure to the inlet pressure. 

Since the discharge pressure is always more than the inlet pressure, therefore the value of 

compression ratio is more than unity. 

 

4. Compressor capacity: It is the volume of air delivered by the compressor, and is expressed in 

m3/min or m3/s. 

 

5. Free air delivery: It is the actual volume delivered by a compressor when reduced to the normal 

temperature and pressure condition. The capacity of a compressor is generally given in terms 

of free air delivery. 
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6. Swept volume: It is the volume of air sucked by the compressor during its suction stroke. 

Mathematically the swept volume or displacement of a single acting air compressor is given by 

 

Vs = (Π/4) X D2 X L 

 

Where D = Diameter of cylinder bore, and 

L = Length of piston stroke. 

 

7. Mean effective pressure. As a matter of fact, air pressure on the compressor piston keeps on 

changing with the movement of the piston in the cylinder. The mean effective pressure of the 

compressor is found out mathematically by dividing the work done per cycle to the stroke 

volume. 

 

• Working of Single Stage Reciprocating Air Compressor:  

 

Components: It consists of a cylinder, piston, inlet and discharge valves etc.  

 

Working: when the piston moves downwards (suction stroke), the pressure inside the cylinder 

falls below the atmospheric pressure. Due to this pressure difference, the inlet valve gets opened 

and air is sucked into the cylinder, at inlet pressure until the piston completes the suction stroke. 

 

Then the piston moves upwards (delivery stroke), the pressure inside the cylinder goes on 

increasing till it reaches the discharge pressure. At this stage, the discharge valve gets opened and 

air is delivered to the container. At the end of delivery stroke, a small quantity of air, at high 

pressure, is left in the clearance space. As the piston starts its suction stroke, the air contained in 

the clearance space expands till its pressure falls below the atmospheric pressure. At this stage, the 

inlet valve gets opened as a result of which fresh air is sucked into the cylinder, and the cycle is 

repeated. 

 
 

It may be noted that in a single acting reciprocating air compressor, the suction, compression and 

delivery of air takes place in two strokes of the piston or one revolution of the crankshaft. 
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• Workdone by a Single Stage Reciprocating Air Compressor: 

 

We have already discussed in the above section, the air is first sucked, compressed and then 

delivered. So there are three different operations of the compressor. 

 

Thus we can see that there is three ways to obtain the workdone as follows: 

 

1. Work is done on the piston during the suction of the air. 

2. Work is done by the piston during compression as well as delivery of the air. 

3. Work done by a reciprocating air compressor is mathematically equal to the work done by 

the compressor during suction. 

 

Here we shall discuss the following two important cases of work done: 

 

1. When there is no clearance volume in the cylinder, and 

2. When there is some clearance volume. 

 

• Workdone by a Single Stage Reciprocating Air Compressor without Clearance Volume: 

 

Consider a single stage reciprocating air compressor without clearance volume delivering air from 

one side of the piston only. 

  

Let  P1 = Initial pressure of air (before compression), 

V1 = Initial volume of air (before compression), 

T1 = Initial temperature of air (before compression), 

P2, V2, T2 = Corresponding values for the final conditions (i.e. at the delivery point), 

r = Pressure ratio (i.e. P2 / P1). 
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Above diagrams shows the P-V and T-S of a single acting single stage reciprocating air compressor 

without clearance volume. When return stroke take place, the air is compressed by its major part 

(i.e. compression stroke BC) at constant temperature. The compression continues till, the pressure 

(P2) in the cylinder is sufficient to force open the delivery valve at C. After that no more 

compression takes place with the inward movement of the piston. Now during the remaining part 

of compressions stroke, the compressed air is delivered till the piston head reaches the cylinder 

end. After that, the air is sucked from the atmosphere during the suction stroke AB at pressure P1. 

 

Thus the compression of air may be isothermal, polytropic or isentropic; so we can obtain the 

workdone under these compressions: 

 

1. Workdone during isothermal compression: 

 

W = 2.3 m R T1 log r  

 

2. Workdone during polytropic compression (PVn = Constant): 

 

W = (n/n-1) X m R (T2 – T1) 

 

3. Workdone during isentropic compression: 

 

W = m Cp (T2 – T1) 

 

• Power Required Driving a Single-stage Reciprocating Air Compressor: 

 

The power required to drive the compressor may be obtained from the usual relation, 

 

P = ( W X Nw)/60 watts 

 

If N is the speed of the compressor in r.p.m., then number of working strokes per minute, 

 

Nw = N        ... (For single acting compressor) 

      =2N       ... (For double acting compressor) 

 

• Multistage Compression: 

 

In the above section, we have discussed the compression of air in single stage. In other words, air is 

sucked, compressed in the cylinder and then delivered at a higher pressure. But sometimes, the air 

is required at a high pressure. 

 

In such cases, either we employ a large pressure ratio (in single cylinder) or compress the air in 

two or more cylinders in series. It has been experienced that if we employ single stage 

compression for producing high pressure air (say 8 to 10 bar), 
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It suffers the following drawbacks: 

 

1. The size of the cylinder will be too large. 

 

2. Due to compression, there is a rise in temperature of the air. It is difficult to reject heat from the 

air in the small time available during compression. 

 

3. Sometimes, the temperature of air, at the end of compression, is too high. It may heat up the 

cylinder head or burn the lubricating oil. 

 

In order to overcome the above mentioned difficulties, two or more cylinders are provided in 

series with intercooling arrangement between them. Such an arrangement is known as multistage 

compassion. 

 

� Advantages of Multistage Compression: 

 

1. The work done per kg of air is reduced in multistage compression with intercooler as compared 

to single stage compression for the same delivery pressure. 

 

2. It improves the volumetric efficiency for the given pressure ratio. 

 

3. The sizes of the two cylinders (i.e. high pressure and low pressure) may be adjusted to suit the 

volume and pressure of the air. 

 

4. It reduces the leakage loss considerably. 

 

5. It gives more uniform torque, and hence a smaller size flywheel is required. 

 

6. It provides effective lubrication because of lower temperature range. 

 

7. It reduces the cost of compressor. 

 

� Two stage Reciprocating Air Compressor with Intercooler: 

 

First of all, the fresh air is sucked from the atmosphere in the low pressure (L.P.) cylinder during 

its suction stroke at intake pressure P1 and temperature T1. The air, after compression in the L.P. 

cylinder (i.e. first stage) from 1 to 2, is delivered to the intercooler at pressure P2 and temperature 

T2. 

 

Now the air is cooled in the intercooler from 2 to 3 at constant pressure P2 and from temperature 

T2 to T3. After that, the air is sucked in the high pressure (H.P.) cylinder during its suction stroke.  

 

Finally, the air, after further compression in the H.P. cylinder (i.e. second stage) from 3 to 4, is 

delivered by the compressor at pressure P3 and temperature T4. 
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� Assumptions in Two-stage Compression with Intercooler: 

 

1. The effect of clearance is neglected. 

2. There is no pressure drop in the intercooler. 

3. The compression in both the cylinders (i.e. L.P. and H.P.) is polytropic (i.e. PVn = C). 

4. The suction and delivery of air take place at constant pressure. 

 

� Intercooling of air in a two-stage reciprocating air compressor: 

 

Efficiency of the intercooler plays an important role in the working of a two-stage reciprocating air 

compress.  Following two types of intercooling are important from the subject point of view: 

 

1. Complete or perfect intercooling: 

 

When the temperature of the air leaving the intercooler (i.e. T3) is equal to the original 

atmospheric air temperature (i.e. T1) then the intercooling is known as complete or perfect 

intercooling. In this case, the point 3 lies on the isothermal curve as shown in below figures: 
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2. Incomplete or imperfect intercooling: 

 

When the temperature of the air leaves the intercooler (i.e. T3) is more than the original 

atmospheric air temperature (i.e. T1), then the intercooling is known as incomplete or imperfect 

intercooling. In this case, the point 3 lies on the right side of the isothermal curve as shown in 

below figure: 

 
 

� Isothermal efficiency (or compressor efficiency) of reciprocating air compressor: 

 

It is the ratio of work or power required to compress the air isothermally to the actual work 

required to compress the air for the same pressure ratio. 

 

ηc = Isothermal workdone / Indicated workdone 

          = { [ ( 2.3 Log ( P2 / P1 )  ) / ( n / n-1 ) [ ( P2 / P1 ) ^ ( n-1 / n ) – 1 ] ] } 

 

� Volumetric Efficiency: It is the ratio of the volume of free air delivery per stroke to the swept 

volume of the piston. The volumetric efficiency of a reciprocating air compressor is different when 

it is with or without clearance volume. 

 

Volumetric efficiency with the clearance volume: 

 

  ηv = Volume of free air delivery per stroke / Swept Volume of the piston 

        = 1+K-K(P2 / P1)^(1/n) 

Where, 

 K = Clearance ratio = Vc / Vs  

 Vc = Clearance Volume 

 Vs = Swept volume of the piston 

 N = Polytropic index 

 


