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http://www.fuelcellknowledge.org/ 
 
Ideal Gas Equation of State 
 

TRnp =  
R =8.3144 (J/mol K), T(K), p(Pa) and n(mol/m3). 

 
 

nkTp =  
k=1.380662E-23 (J/K), T(K), p(Pa) and n(molecules/m3). 

 
 

RTp ρ=  
R(J/kg K), T(K), p(Pa) and ρ (kg/m3). 

 
 

MRR =  
R  =8.3144 (J/mol K), M(kg/mol), R(J/kg K). 

 
 

NaRk =  
R  =8.3144 (J/mol K), k=1.380662E-23 (J/K), Na=6.022045E23 ( /mol). 

 
 
 
This empirical relation has been found to accurately represent the behaviour of gases 
at low density.  
 
The equation forms a pillar of much thermodynamic cycle analysis, thus it is 
important to determine its range of applicability. Analysing data for many gases has 
shown that as a rule the equation is valid for temperatures above twice the critical 
temperature (Fig.1) and pressures below five times the critical pressure (Fig.2). 
 



 2

126.2
154.58

33.25

647.14

132.85

304.12

190.56
150.86

305.32

369.83

0

100

200

300

400

500

600

700

 (N2)  (O2)  (H2)  (H2O)  (CO)  (CO2)  (CH4)  (Ar)  (C2H6  (C3H8

Species

C
rit

ic
al

 T
em

pe
ra

tu
re

 (K
)

 
Figure 1. Critical Temperature 
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Figure 2. Critical Pressure 
 
Combinations of lower temperature and/or higher pressure may also be in the range of 
validity, but require further consideration. Use of a generalized compressibility chart 
(through corresponding states arguments) gives a more accurate indication of 
applicability. Compressiblity (Z) is the ratio TRnp / . Ideal gases have a 
compressibility of 1. 
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Insert compressibility chart 
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See also (from http://www.thermofluids.net/ ) 
http://thermal.sdsu.edu/testcenter/javaapplets/realgas/ 
 
 
 
 
 
 
 
 

 Ben Todd 2003 
Last Updated: September 6, 2003 

 
 


