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                TWO STAGE AIR COMPRESSOR TEST RIG

OBJECTIVE:

To conduct performance test on two stage air compressor and to determine the volumetric & isothermal efficiency at various discharge pressure.

SPECIFICATION:

MAKE                               : ROTADEK
TYPE                                 : RECIPROCAING TYPE

STAGE                              : TWO STAGES                                 

CYLINDER                       : TWO CYLINDERS

LP CYLINDER BORE      : 60.33mm
HP CYLINDER BORE     : 57 mm
STROKE LENGTH           : 62mm
MOTOR TYPE                  : IND.MOTOR

MOTOR RATING             : 3 HP

MOTOR SPEED                : 1440 rpm

COMPRESSOR SPEED    : 740 rpm

ELECTRICAL SUPPLY   : 415v/380v, 3Ph,50 Hz

TYPE OF STARTER         : DOL

BELT 
                        : A

TYPE OF LUBRICATION: SPLASH

TYPE OF COOLING         : AIR COOLED

TYPE OF FAN                   : FORCED DRAUGHT

THEORY:

An air compressor is a machine which takes the air (ambient pressure and temperature condition) from the atmosphere during its suction stroke and compresses that air to high pressure with the help of a piston and cylinder arrangement, is known as Reciprocating air compressor. When this process carried out with more than one cylinder then such type of compressor is called Multi stage air compressor.

DESCRIPTION:

Two stage air compressors is a reciprocating type, driven by a prime mover

 i.e a 3 phase AC motor through belt. The test rig consists of a base on which the tank is mounted. The pressure & temperature of the air at different points are measured by pressure gauges and thermo couple with digital temperature indicator respectively. An electrical pressure safety valve is provided as additional safety .The suction is connected to an air tank with a calibrated orifice through the water manometer to measure pressure head of air. The output power of the motor is recorded by the swinging field arrangement with spring balance. The input of the motor can be measured by an energy meter.

OBSERVATIONS:

Manometer diff.               = hw………mm

Speed of compressor        = Nc…………rpm

Initial pressure                  =  P1………..kg/cm2

Intermediate pressure        = P2……..kg/cm2

Delivery pressure              = P3………..kg/cm2

Head of air                        = Ha……………m

Actual volume of air         = Va………..m3/min

Theoretical volume of air = Vthe………..m3/min

Volumetric efficiency       =(v…………..%

Output power of motor     =BP………….KW

Power of compressor        = BPc………..KW

PROCEDURE:

1.  Connect the power supply to compressor

2.  Close the outlet valve

3.  Switch on the compressor & note down the readings

a. Inlet air pressure P1

b. Discharge pressure of first stage P2

c. Discharge pressure of second stage P3

d. Manometer reading

e. Also note down different temperatures.

T1 = First stage Inlet temperature.

     T2 = First Stage Outlet temperature.

T3 = Second Stage Inlet temperature.
T4 = Second Stage Outlet temperature

4.Note down the energy meter reading with respect to time.

5. Repeat the experiments for different delivery pressure.
FORMULAE:

1. Head of Air at NTP:

                    Diff in Manometer (hw) x Density of water (ρw)


Ha =   ----------------------------------------------- ---------… m of water.

                              1000 x Density of Air (ρa)


Ha = (h1 – h2) X   ρw ……m of water.



  1000           ρa

          ρw = 1000    kg/m3 


ρa =  1.29273 kg/m3
2. Volume of air compressed:
              Va = Cd ao ( (2g Ha)   x 3600…….. m³/hr

                      Where, Cd  = co-efficient of discharge=0.62

                                                        ao   = area of the orifice.

                                                         g  = gravitational constant.

3. Theoretical volume of air compressed:

         Vth =   (d1²/ 4 x L x Nc  x 60 …. m³/hr



Nc = Compressor speed



d1 = LP cyln. Dia = 60.33mm

                     d2 = HP cyln. Dia = 57mm

                  L1&L2=  stroke length=62mm

4. Volumetric Efficiency:




%  ηvol= Va x 100 …….%

                                    Vth
5.  Compression Ratio:



P3


Rp = -----




P1
6. Isothermal power: 


                                    Piso = Ma Ra Ta loge (Rp)  x 0.736 …………KW

                                                                      1000

7. Isothermal Efficiency: 

        P iso





η iso = --------------- 






        P 
8.  Power input to the motor:
                 P =        no of rev in energy meter x 3600                    …KW

                         Time taken for the rev x energy meter const 

9.  Power of compressor
                 Pc  = power of the motor  x  transmission efficiency…..KW

                              Where, transmission efficiency = 80%
Sample Calculation:

TABULAR COLUMN:

	RPM
	P1


	P2
	P3
	hw

mm
	Time/Rev
	T1

	T2
	T3
	T4
	

	729

721

715

710

705

702


	0.2

0.2

0.2

0.3

0.3

0.4


	0.6

2.4

4.1

6

8.2

9.8


	0

2

4

6

8

10
	7

8

9

9

10

10


	63

33

26

21

17

14


	30

30

30

30

30

30
	57

64

67

69

71

73


	51

57

60

62

64

66
	61

103

122

139

149

155
	


1. Head of Air at NTP:

                    Diff in Manometer(hw) x Density of water(ρw)


Ha =   ----------------------------------------------- ---------… m of water.

                              1000 x Density of Air(ρa)


Ha = 0.001  X  1000       … .=7.7X 10-3…m of water.


      1000 X1.29273
          ρw = 1000    kg/m3 


ρa =  1.29273 kg/m3
2. Volume of air compressed:

              Va = Cd ao ( ( 2g Ha)   x 3600…….. m³/hr

                      Where, Cd  = co-efficient of discharge=0.62

                                                        ao   = area of the orifice.

                                                         g  = gravitational constant.

Va=0.62 X Π X 152 X ((2 X 9.81 X 7.7 X10-3) X 3600
                  4
    = 12.47X103…….. m³/hr
3. Theoretical volume of air compressed:

         Vth =   (d1²/ 4 x L x Nc  x 60  + (d2²/ 4 x L x Nc x 60  …. m³/hr



Nc = Compressor speed



d1 = LP cyln. Dia = 60.33mm

                     d2 = HP cyln. Dia = 57mm

                  L1&L2=  stroke length=62mm
Vth  =  ( x(60.33 X10-3)²x(62 X10-3)x 729 x 60  
                                          4                                                                    

 =7.75 x103…. m³/hr                                  

4. Volumetric Efficiency:




%  ηvol= Va x 100 …….%

                                    Vth
%  ηvol=12.47X103x100 =
                        7.75 x103
            = 85…….%

                                                                                                        Two Stage Air Compressor Test Rig


