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Real Gases 
  𝑃𝑉𝑀 = 𝑅𝑇 

  
𝑃𝑉𝑀

𝑅𝑇
 = 1  (ideal gas) 

  
𝑃𝑉𝑀

𝑅𝑇
 = Z  (real gas) 

 What is VM ? 

 

 𝑃𝑉𝑀 = 𝑍𝑅𝑇 

 𝑃𝑉 = 𝑍𝑛𝑅𝑇 

 



Compressibility Factor 
The deviation from ideal-gas behavior can be properly accounted for by using the compressibility 
factor Z, defined as: 

 

𝑍 =
𝑉𝑎𝑐𝑡𝑢𝑎𝑙
𝑉𝑖𝑑𝑒𝑎𝑙

 

 

 ideal 
gas 

Z=1 

real 
gas 

Z > 1 or 

Z < 1 
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A high pressure, molecules are more 

influenced by repulsive forces. 

Vreal > Videal 

 Z > 1 

The effect of molecular attraction causes: 

Vreal < Videal 

 Z < 1 



Compressibility Factor 
 What is it really doing? 

 It accounts mainly for two things 
  Molecular structure 

  intermolecular attractive forces 

 Still we have a problem? 

 Universal Z factor chart. (How?) 

 The compressibility factor Z is approximately the same for all gases at the same 
reduced temperature and reduced pressure. 

Z = Z(PR,TR) for all gases 



Compressibility Factor 



Compressibility Factor 
 𝑃𝑅 = 𝑟𝑒𝑑𝑢𝑐𝑒𝑑 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒  

 𝑇𝑅 = (𝑟𝑒𝑑𝑢𝑐𝑒𝑑 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒) 

 𝑃𝑅 = 
𝑃

𝑃𝑐
 

 𝑇𝑅 = 
𝑇

𝑇𝑐
 

 What about gas mixture? 

 Pseudo-critical pressure (𝑃𝑝𝑐) 

 Pseudo-critical temperature (𝑇𝑝𝑐) 

 𝑃𝑝𝑐 =  𝑦𝑖  𝑃𝑐𝑖
𝑛
𝑖=1            𝑃𝑝𝑟 = 

𝑃

𝑃𝑝𝑐
 

 𝑇𝑝𝑐 =  𝑦𝑖  𝑇𝑐𝑖
𝑛
𝑖=1            𝑇𝑝𝑟 = 

𝑇

𝑇𝑝𝑐
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Compressibility Factor 
 Example: 



Compressibility Factor 
Solution: 

 

 

 

 

 

 

 𝑃𝑝𝑟 = 
3000

666.38
= 4.5 

 𝑇𝑝𝑟 = 
(180+460)

383.38
= 1.67 

 Z = 0.85 



Gas Density 
 𝑃𝑉 = 𝑍𝑛𝑅𝑇 

𝜌 =  
𝑊

𝑉
 

 𝑛 =  
𝑊

𝑀𝑊
 

 𝑃𝑉 =  
𝑊

𝑀𝑊
 𝑍𝑅𝑇 

 𝑃 𝑀𝑊 = 
𝑊

𝑉
 𝑍𝑅𝑇 =  𝜌 𝑍𝑅𝑇 

 𝜌 =  
𝑃𝑀𝑊

𝑍𝑅𝑇
 

 What about mixture? 

 𝜌𝑔 = 
𝑃𝑀𝑎

𝑍𝑅𝑇
 

 𝑀𝑎 =  𝑦𝑖  𝑀𝑖
𝑛
𝑖=1  



Gas Density 
Example: 

Use the data given in the previous example to estimate the gas mixture density. 

 

Solution: 

Input: P = 3000 psia, T= 180 °F, Z = 0.85 (estimated from the z-factor chart)  

 𝜌𝑔 = 
𝑃𝑀𝑎

𝑍𝑅𝑇
 

 𝑀𝑎 =  𝑦𝑖  𝑀𝑖
𝑛
𝑖=1  

 𝑀𝑎 = 20.23 

 𝜌𝑎 = 
(3000)(20.23)

(0.85)(10.73)(180+460)
= 10.4 𝑙𝑏/𝑓𝑡3 



Critical Properties Correlation 
 Natural gas systems 
𝑇𝑝𝑐 = 168 + 325 𝛾𝑔  − 12.5 𝛾𝑔

2 

𝑃𝑝𝑐 = 677 + 15.0 𝛾𝑔  − 37.5 𝛾𝑔
2 

 

 Condensate systems 
𝑇𝑝𝑐 = 187 + 330 𝛾𝑔  − 71.5 𝛾𝑔

2 

𝑃𝑝𝑐 = 706 + 51.7 𝛾𝑔  − 11.1 𝛾𝑔
2 

 



Critical Properties Correlation 
 

 


