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Exercise Procedure: 

1. Aim of the exercise 

Determining the polytropic exponent of a thermodynamic process of compression. 

2. Procedure of the exercise 
1. Registration of compressor cylinder pressure variation (indication chart) 
2. Determination of the value of the polytropic exponent, the actual compression curve by 

various methods 
3. Comparison of the cycle, actual compression curve with ideal compression; isothermal 

and isentropic 
3. The course of the exercise 

Determine the polytropic exponent of the actual compression process by two methods, 
based on the indication chart.  
 
Scheme of the exercise stand:  

 
 
Description of the compressor schematic: 
1. AC electric motor. 
2. small pulley attached to the shaft of the electric motor. 
3. drive V-belt. 
4. large pulley coupled to the slider-crank mechanism. 
5. the “crank.” 
6. piston housing. 
7. Compression system piston. 
8. Duct connecting the piston chamber (combustion chamber) to the compressed medium 
tank. 
9. discharge valve. 
10. compressed air pressure gauge. 
11. compressed air tank. 
 
 In point No. 8. a mechanical indicator is mounted, which records the course of pressure 
as a function of piston stroke in the compressor cylinder.  
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4. Report card  
1. Based on the provided graph use two methods to calculate the polytropic exponent 
2. Compare the obtained polytrope (for average m) plotted with the isotherm (m=1) and 

isentrope (m = 1.4) process.  
3. Calculate the temperature and density of air in pt. 2 of the polytropic process.  
4. Calculate the flow work, expansion work, and absolute work  and heat transformation 

for polytropic, isotherm, and isentropic adiabate.  
5. Calculate work flux (power) for the assumed compressor number of strokes n = 130 rpm 
6. Discussions and Conclusions  

 
4.1. Polytropic indes calculation  

 
1. Method 1  

Calculation of the polytropic exponent by dividing the polytropic compression process of air 
(section 1 - 2 from the indicator diagram of the reciprocating compressor) into 10 sections 
and reading the values of volume V and pressure p for each of the resulting points. The 
values of pressure and volume are logarithmized and the partial values are inserted into the 
formula and determine the polytropic exponent. 

𝐦𝐢 =  
𝐥𝐧 

𝐩𝟐
𝐩𝟏

𝐥𝐧 
𝐕𝟏
𝐕𝟐

 

Results: 

L. p. V [m3] p [Pa] ln (V ) [m3]  ln (p) [Pa] m 

1      

Mavg  

 
1. Method 2  

Calculation of the polytropic exponent using the known parameters of the air gas state of the 
initial 1 and final 2 transformation points from the indicator chart. The mi values found in the 
measurement table were calculated using the formula: 

The mi values found in the measurement table were calculated based on the formula:: 

p ∙ Vm = idem                       p1 ∙ V1
m = p2 ∙ V2

m 

( 
V1

V2
)m =

p2

p1
                             m ∙ ln 

V1

V2
= ln

p2

p1
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𝐦𝐢 =  
𝐥𝐧 

𝐩𝟐
𝐩𝟏

𝐥𝐧 
𝐕𝟏
𝐕𝟐

 

The value of mavg was calculated using the values of mi from method 2. And 3. As the arithmetic average 
of the two methods: 

𝐦𝐚𝐯𝐠 =  
∑ 𝐦𝐢

𝐢
 

5. Calculations 
5.1. Compare the obtained polytrope (for average m) plotted with the isotherm (m=1) and 

isentrope (m = 1.4) process.  

The averaged polytrope is to be compared with ideal process on a graph ln p = f (ln V): 
⎯ Isotherm, index m = 1  
⎯ Izentrope, index m = κ = 1,4 (air) 

 
5.2. Calculate the temperature and density of air in pt. 2 of the polytropic process 

Air temperaturę can be obtained with the equation: 

𝐓𝟐 = 𝐓𝟏 ∙ (
𝐩𝟐

𝐩𝟏
)

𝐦𝐚𝐯𝐠−𝟏

𝐦𝐚𝐯𝐠
       [𝐊] 

where: T1 = 20°C = 293.15 K 

p1, p2, mavg – pressure vallues for  pt. 1 and 2 are to be read from previously mentioned table, and 
should be assumed for isentropic process as mavg = κ = 1,4  

Air density should be calculated as : 

𝛒𝟐 =
𝐩𝟐

𝐑 ∙ 𝐓𝟐
            [

𝐤𝐠

𝐦𝟑
] 

where: R = 286,7 [J/kg ∙ K] – individual gas constant for air 

  p2, T2 – from previous equations 

5.3. Calculate the flow work, expansion work, and absolute work  and heat transformation 
for polytropic, isotherm, and isentropic adiabate.  

Politrope 

• Flow work  𝐋𝐭 𝟏−𝟐 =
𝐦ś𝐫

𝐦ś𝐫−𝟏
∙ 𝐑𝐓𝟏 [𝟏 − (

𝐩𝟐

𝐩𝟏
)

𝐦ś𝐫−𝟏

𝐦ś𝐫 ]    [
𝐉

𝐤𝐠
]  

• Expansion work 𝐋𝟏−𝟐 =
𝐋𝐭 𝟏−𝟐

𝐦ś𝐫
        [

𝐉

𝐤𝐠
] 

• Process heat  𝐪𝟏−𝟐 = 𝐜 ∙ ∆𝐓 = 𝐜𝐯 ∙
𝐦ś𝐫−𝛋

𝐦ś𝐫−𝟏
(𝐓𝟐 − 𝐓𝟏)   [

𝐉

𝐤𝐠
] 

where: cv – specific heat at constant volume  

𝐜𝐯 =
𝛋

𝛋 − 𝟏
∙ 𝐑     [

𝐉

𝐤𝐠 ∙ 𝐊
] 
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Isoterma 

Flow work, expansion work, process heat , 

𝐋𝐭 𝟏−𝟐 = 𝐋𝟏−𝟐 = 𝐪𝟏−𝟐 = 𝐑 ∙ 𝐓 ∙ 𝐥𝐧
𝐕𝟐

𝐕𝟏
= 𝐑 ∙ 𝐓 ∙ 𝐥𝐧

𝐩𝟏

𝐩𝟐
      [

𝐉

𝐤𝐠
] 

where: T = T1 = T2 = 293,15 K 

R = 286,7 [J/kg ∙ K] – individual gas constant of air 

 

Izentropa 

Flow work   

𝐋𝐭 𝟏−𝟐 = 𝐜𝐩 ∙ (𝐓𝟏 − 𝐓𝟐) =
𝛋

𝛋 − 𝟏
∙ 𝐑 ∙ (𝐓𝟏 − 𝐓𝟐) 

where: cp – specific heat at constant pressure   
 

Expansion work                      𝐋𝟏−𝟐 =
𝐋𝐭 𝟏−𝟐

𝛋
        [

𝐉

𝐤𝐠
] 

Process heat    𝐪𝟏−𝟐 = 𝟎 
 

5.4. Calculate flow work flux (power) for  assumed numer of rotations (strokes) of the 
compressor n = 130 [obr./min] 

Mass flow    𝐌̇ = 𝐕̇𝐬𝐤 ∙ 𝛈 ∙ 𝛒𝟏 ∙ 𝐧         [
𝐤𝐠

𝐬
] 

where: n – rotations per second 

𝟏𝟑𝟎 [
𝐫𝐨𝐭

𝐦𝐢𝐧
] = 𝟏𝟑𝟎 ∙

𝟏

𝟔𝟎
[
𝐫𝐨𝐭

𝐬
] = 𝟐, 𝟏𝟕 [

𝐫𝐨𝐭

𝐬
] 

𝛈 = 𝟖𝟎% = 0,8 

V̇sk = V̇k − V̇p – read from the indicator graph [m3]  

Volume flow rate from the beggining V̇p to the end V̇k of the graph 

ρ1 – density at initial conditions                           𝛒𝟏 =
𝐩𝟏

𝐑∙𝐓𝟏
   [

𝐤𝐠

𝐦𝟑] 

Flow work flux /compressor power/    

𝐋𝐭 
̇ = 𝐌̇ ∙ |𝐋𝐭 𝟏−𝟐| [

𝐉

𝐬
= 𝐖] 

𝐋𝐭 𝟏−𝟐 – flow work of the polytropic transformation 

6) Conclusions and final remarks 
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[2] Sample questions 
 

1. Equation of state of ideal gas for isochoric, isothermal, isobaric, isentropic and 
polytropic process 

2. Methods of determining he polytropic index m  
3. Process heat, absolute (mechanical) work and technical (flow) work in perfect gas 

processes. 
4. Diagrams of characteristic processes of the polytropic equation at different values of the 

index m 
 


