














































































































































T2 – Two Stage Piston Air Compressor 
 
 
Objective 
 
This lab will measure the operating characteristics of a two-stage compressor as the 
output supply pressure is varied.  Measurements of the power input and various states of 
air throughout the compressor cycle will permit the efficiency of the device to be 
computed. 
 
 
Apparatus 
 

 
 
1. Trolley 
2. Drive Motor 
3. Acoustic attenuator 
4. Pressure vessel 2nd stage 
5. Pressure transducer 
6. Manometer 
7. Safety valve 
8. Regulating valve 
9. Inlet pressure vessel 

10. Nozzle for volume flow measurement 
11. Differential pressure transducer 
12. Switch Cabinet with Digital Displays 
13. Resistance thermometer 
14. Pressure vessel and intermediate  
      cooler for 1st stage 
15. First Compressor Stage 
16. 2-Stage piston compressor 
17. Second Compressor Stage 

 



The following is a process diagram for the compressor unit: 
 

 
PI indicates a pressure reading, TI indicates a temperature reading.  If there is a number 
next to the reading, its value will appear on the digital display with the corresponding 
number.  PD indicates a pressure difference measurement. 
 
Ambient air is drawn into Tank 1 through a measuring nozzle that permits the volumetric 
flow rate of air through the device to be calculated.  Tank 1 acts as a settling chamber that 
is very near to atmospheric. The first stage compressor brings the gas to T2, p2.  The gas 
is then fed to an intercooler at constant pressure, which lowers the temperature to T3.  The 
gas then goes to the second stage compressor, exiting at T4 and p4.  The gas exiting the 
second stage goes though another heat-rejecting cooler and then into the compressed air 
Tank 2.  The pressure of Tank 2 is set by a throttling valve that is controlled by the 
operator.  The air is exhausted through a sound absorber.  Safety valves prevent the 
compressor from over-pressurizing any component in the system. 
 
 
Instrumentation 
 
Pressure: 
The pressures are recorded by pressure transducers.  As a check, there are also some 
manometers on the pressure vessels.  The digital displays indicate the absolute pressure at 
the measuring points in bar.  The manometers on the tanks indicate the over-pressure at 
the measuring points in bar. 
The differential pressure at the inlet is recorded by a differential pressure transducer 
connected to a Venturi nozzle. 



 
Temperature: 
Four resistance thermometers (Pt100) with transducers measure the temperature; this is 
indicated on the digital displays, in degrees Celsius. 
 
Rating: 
The effective power of the compressor motor is measured using a transducer and is 
indicated on digital displays, in kilowatts. 
 
Here is a layout of the switch cabinet with displays and controls: 

 
1. p1 - Inlet pressure 
2. T1 - Inlet temperature 
3. p2 - Pressure after 1st compressor stage 
4. T2 - Temperature after 1st compressor  
    stage 
5. p4 - Pressure vessel pressure 
6. T3 - Temperature before 2nd compressor  
    stage 
7. dp - Differential pressure across Venturi  
    nozzle 
8. T4 - Temperature after 2nd compressor  
    stage 
9. Emergency stop switch 
10. Master switch 
11. Electric motor switch 
12. Electrical output 

 
 
Experimental Procedure 
 

1. Turn on the compressor. 
2. Allow compressor to run for several minutes until the pressure in Tank 2 (p4) 

has reached a steady value. 
3. Using the throttle valve, regulate the pressure p4 to the desired value (between 

6 and 12 bar). 
4. Allow the compressor to run for 3 to 5 minutes, such that the pressure p4 has 

reached a steady value, before recording. 
5. Repeat steps 3 and 4 for a total of five runs. 
6. Turn off the compressor. 

 
Pressures and temperatures, along with the electric power supplied to the compressor, 
should be read from the display panel (shown above) and recorded in a table as follows: 
p1 
(bar) 

T1 
(°C) 

p2 
(bar) 

T2 
(°C) 

T3 
(°C) 

p4 
(bar) 

T4 
(°C) 

∆p 
(mbar) 

P 
(kW) 

         



Results 
 

1- Plot the P-V diagrams for all five runs. 
2- Calculate the polytropic compression indices for both the low and high pressure 

cylinders.  Validate your results by fitting a power function to your data for the 
first and second compression stages (i.e. γpV = constant) 

3- Calculate the efficiency of the compressor for all five runs.  Comment. 
 
 



Theory 
 
1 – Introduction 
 
Air compressors are widely used for gas transportation/distribution and gas processing 
(separation, refrigeration, etc.).  Compressed air is also used as a mechanical power 
source (pneumatic drills, wrenches, etc.).  Where there is a risk of explosion due to 
flammable gases, for example, in mining or in the chemical industry, compressed air is 
used instead of electrical energy.  Reciprocating compressors use a piston-in-cylinder 
arrangement and are capable of very high final pressures, especially if used in multi-stage 
operation. 
 
 
2 - Function 
 
Compressors, through the input of energy from prime movers, such as electric motors and 
combustion engines, pump compressible fluids from regions of lower pressure to regions 
of higher pressure.  This compression not only raises the pressure but also the 
temperature of the fluid; this heat of compression is partly dissipated by cooling ribs on 
the outside cylinder wall.  The following figure shows the basic layout of a piston 
compressor. 

 
 

1. Cylinder cover 

2. Pressure valve 

3. Intake valve 

4. Cylinder 

5. Piston 

6. Piston pin 

7. Connecting rod 

8. Crankshaft 

9. Crankcase 

10. Oil sump 

 

 
The processes in the compressor can best be explained by examining the sequence of 
steps the piston goes through alongside the corresponding p-v diagram.  Note that the 
following p-v diagrams are rotated by 90° to the right so that they correspond to the 
piston stroke. 



 
 
Compression 
The piston starts from point 1, bottom dead centre (BDC), 
and moves up, reducing the volume and increasing the 
pressure and temperature of the air in the closed cylinder. 
 
 
 
 
 
Expulsion 
Compression causes the pressure in the cylinder to increase 
until point 2, where the exhaust valve opens as the pressure 
equals or slightly exceeds the pressure set downstream of 
the compressor.  The piston continues its motion, 
discharging air at constant pressure p2 and temperature T2 
until it reaches top dead center (point 3) 
 
 
Return expansion 
After point 3, the piston begins to expand the air remaining 
in the cylinder and the exhaust valve closes.  The pressure 
drops. 
 
 
 
 
Intake 
Once the pressure decreases to equal the inlet pressure 
(point 4) the intake valve opens.  Air is drawn in through 
the intake valve as the piston returns to bottom dead center 
(point 1), completing the cycle. 
 
 
 

 
 
3 - Two-Stage Compression 
 
As pressure ratios during compression increase, the maximum temperatures during 
compression increase as well, causing problems with maintaining lubrication and valve 
damage.  To reach higher degrees of compression, multistage compression with 
intercooling is used.  Intercooling rejects heat from the compressed air after the first stage 
compressor so that excessive temperatures are not generated in the second stage of 
compression.  The cooler air also has greater density (occupies less specific volume), so 



the piston in the second stage does not need to perform as much work as if the gas were 
directly compressed from the initial to the final pressure. In the following p-v diagram, 
the gas is isentropically compressed from 1 to 2, allowed to cool between 2 to 1II, and is 
isentropically compressed from 1II to 2II.  For single stage compression, the gas would 
be isentropically compressed from 1 to 2'.  The area between the two curves is the work 
saved by using a two stage cycle. 
 

 
 
 

4 - Intake volume 
 
The volumetric flow rate through the system is given by the pressure differential across 
the venture nozzle: 
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V  in m3/s, p∆  in Pa, ρ in kg/m3 and Ad = 1131·10-4 m2 
 
The density ρ of the air depends on the temperature and pressure: 
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with ρ in kg/m3, p0 in mbar and T in °C. 
 



 
5 - Polytropic index of Compression 
 
The compression process in both the first and second stage compressors can be described 
by a polytropic relation pVn = constant, where n is given by 
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for both the low and high pressure cylinders.  For an isentropic compression, the 
polytropic exponent should equal the isentropic coefficient (k = 1.4 for air). 
 

 
6 - Calculation of the efficiency 
 
For a compressor that delivers air at the same temperature as the inlet, the theoretical 
amount of power required to compress the air is called the isothermal power.  This is 
given by: 
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with p in Pa and 
•

V  in m3/s 
 
We can then define the isothermal efficiency as: 
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