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Example 3

Using the data of the compressor of example 1 . Calculate the isothermal efficiency of the compressor .

Wisothermal = m R T Ln ( 
P2

P1
) = ( 

1.226
60

) x 0.287 x 288 Ln ( 
7

1.013
) = 3.2666 kW

From example 1, indicated work = 4.23 kW

ηisothermal =  
Wisothermal

Wnet ( indicated)
=

3.2666
4.23

= 0.7722 = 77.22 %

Reciprocating Compressor Including Clearance
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In engineering analysis, the performance was achieved under idealized circumstances for the cycle. The net work of the 

cycle equal the sum work of all processes. i. e.

Wnet indicated = ƩW = Wab + Wbc + Wcd + Wda

Process ab is polytropic compression, thus perfect gas ( air ) compress according to the law :

PVn = Constant,       then P = 
𝐂

𝐕n

Then the work found by :

Wab = aʃ b P dV

Wab = aʃ b 𝐂

𝐕n dV = C  aʃ b 𝐝𝐕

𝐕n

Wab = C [ 
V1 − 𝒏

𝟏 −𝒏
]a2 = PVn [ 

V1 − 𝒏

𝟏 −𝒏
]a

2

Wab = 
P2Vb – P1Va

𝟏 −𝒏
= –

P2Vb – P1Va

𝒏 −𝟏

By equations PVn = Constant, and
PV
T

= C

Can found     T2 = T1 ( 
V1

V2
)n-1 

T2 = T1 ( 
P2

P1
)(n-1)/n
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Process da is isobaric expansion, the perfect gas ( air ) expand according to the law of work :

Wda = P1 ( Va – Vd ) 

Wnet indicated = ƩW = Wab + Wbc + Wcd + Wda

Wnet ( indicated ) = –
P2Vb – P1Va

𝒏 −𝟏
+ P2 ( Vc – Vb ) + 

P2Vc – P1Vd
𝒏 −𝟏

+ P1 ( Va – Vd ) 

Wnet ( indicated ) = –
P2Vb – P1Va

𝒏 −𝟏
+ P2 Vc – P2 Vb +

P2Vc – P1Vd
𝒏 −𝟏

+ P1 Va – P1 Vd

Wnet ( indicated ) = –
P2Vb – P1Va

𝒏 −𝟏
– ( P2 Vb – P1 Va ) +

P2Vc – P1Vd
𝒏 −𝟏

+ ( P2 Vc – P1 Vd ) 

Wnet ( indicated ) = – ( P2 Vb – P1 Va ) { 
1

𝒏 −𝟏
+ 1 } + ( P2 Vc – P1 Vd ) {

1
𝒏 −𝟏

+ 1 } 

Wnet ( indicated ) = –
n

𝒏 −𝟏
( P2 Vb – P1 Va ) + 

n
𝒏 −𝟏

( P2 Vc – P1 Vd )

Wnet ( indicated ) = – { 
n

𝒏 −𝟏
( P2 Vb – P1 Va ) –

n
𝒏 −𝟏

( P2 Vc – P1 Vd ) }

For perfect gas ( air )   PV = mRT , and the work of compressor is done one cycle ( – ve ), thus the absolute value of the compressor work is :

Wnet ( indicated ) = 
n

𝒏 −𝟏
ma R ( T2 – T1 ) –

n
𝒏 −𝟏

md R ( T2 – T1 ) 
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Where the mass flow rate at     ma =  mb and         

mc = md

Wnet ( indicated ) = 
n

𝒏 −𝟏
R ( T2 – T1 ) ( ma – md ) 

Wnet ( indicated ) = 
n

𝒏 −𝟏
minduced R T1 ( 

T2

T1
– 1 ) 

Where the mass induced per unit time to the 

compressor is

minduced = ( ma – md )

Wnet ( indicated ) = 
n

𝒏 −𝟏
P1 Vinduced (

P2

P1
) (n-1)/n – 1 ) 

Wnet ( indicated ) = 
n

𝒏 −𝟏
P1 ( Va – Vd ) (

P2

P1
) (n-1)/n – 1 ) 

Where the volume induced per unit to the compressor is Vinduced = ( Va – Vd )
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Example 4
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Or, can indicated power can be calculated :



8

ηvolumetric =  
mdelivered

msweptet

ηvolumetric =  
Vdelivered ( induced )

Vsweptet
=

Va – Vd

Va – Vc
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Where VS = Va – Vc

And Vde , at    Ta &  Pa

Vde = Vb – Vc

mdeliverd ( induced ) =  
P Vdeliverd ( induced )

R T
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Vd = Vc ( 
P2
P1

)1/n   

Volume induced = Va – Vd = VS + VC – Vd

Volume induced = Va – Vd = VS + VC – VC ( 
P2
P1

)1/n

Volume induced = Va – Vd = VS – VC { ( 
P2
P1

)1/n – 1 } 

ηvolumetric =  
VS – VC { ( P2

P1
)1/n – 1 }

VS

ηvolumetric = 1 –
VC { ( P2

P1
)1/n – 1 }

VS

ηvolumetric = 1 –
VC
VS

{ (
P2
P1

)1/n – 1 }

As before the F.A.D. per cycle is denoted

by Vdeliverd ( induced ) at P & T

mdeliverd ( induced ) = 
P Vdeliverd ( induced )

R T
= 

P1 (Va −Vd)
R T1

F.A.D.
cycle

, Vdeliverd ( induced ) = ( Va − Vd )
T
T1

P1
P


