Clearance ratio: Clearance ratio is defined as, the ratio of clearance volume to swept volume. It is denoted
by the letter C.

. |4
Clearance ratlo,C — Clearance volume _ V¢ _ c
Swept volume Vs Vi,
Pressure ratio, R, = Delivery pressure _pz —p3_
Suction pressure pi pa

2.13 Multi-stage air compressor:

In a multi stage air compressor, compression of air takes place in more than one cylinder. Multi stage air
compressor is used in places where high pressure air is required. Fig. shows the general arrangement of
a two-stage air compressor. It consists of a low pressure (L.P) cylinder, an intercooler and a high pressure
(H.P) cylinder. Both the pistons (in L.P and H.P cylinders) are driven by a single prime mover through a
common shaft.

Atmospheric air at pressure p1 taken into the low pressure cylinder is compressed to a high

pressure (p). This pressure is intermediate between intake pressure (p1) and delivery pressure p3).
Hence this is known as intermediate pressure.

The air from low pressure cylinder is then passed into an intercooler. In the intercooler, the air is

cooled at constant pressure by circulating cold water. The cooled air from the intercooler is then taken into
the high pressure cylinder. In the high pressure cylinder, air is further compressed to the final delivery
pressure (p3) and supplied to the air receiver tank.
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Advantages:

1.Saving in work input: The air is cooled in an intercooler before entering the high pressure cylinder.
Hence less power is required to drive a multistage compressor as compared to a single stage compressor
for delivering same quantity of air at the same delivery pressure.

2.Better balancing: When the air is sucked in one cylinder, there is compression in the other cylinder. This
provides more uniform torque. Hence size of the flywheel is reduced.

3.No leakage and better lubrication: The pressure and temperature ranges are kept within desirable
limits. This results in a) Minimum air leakage through the piston of the cylinder and b) effective lubrication
due to lower temperature.

4. More volumetric efficiency: For small pressure range, effect of expansion of the remnant air (high
pressure air in the clearance space) is less. Thus by increasing humber of stages, volumetric efficiency is
improved.

5.High delivery pressure: The delivery pressure of air is high with reasonable volumetric efficiency.

6.Simple construction of LP cylinder: The maximum pressure in the low pressure cylinder is less. Hence,
low pressure cylinder can be made lighter in construction.

7.Cheaper materials: Lower operating temperature permits the use of cheaper materials for construction.

Disadvantages:

1. More than one cylinder is required.

2 An intercooler is required. This increases initial cost. Also space required is more.
3.Continuous flow of cooling water is required.

4.Complicated in construction.

2.14 Intercoolers:

An intercooler is a simple heat exchanger. It exchanges the heat of compressed air from the LP compressor
to the circulating water before the air enters the HP compressor. It consists of a number of special metal
tubes connected to corrosion resistant plates at both ends. The entire nest of tubes is covered by an outer
shell



