
 
 

 
 

Ideal Gas Model 
  



Incompressible substance model   
• Liquids and solids are often approximated as being incompressible 
• v = constant 
• u = u(T) 
• c(T) = cv(T) = cp(T) 
• Textbooks often have tables of specific heat values for solids and liquids.   
• From the definition of the specific heats, 

𝑢(𝑇!) − 𝑢(𝑇") = ∫ 𝑐(𝑇)𝑑𝑇#!
#"

, 
ℎ(𝑇!, 𝑝!) − ℎ(𝑇", 𝑝") = 𝑢(𝑇!) − 𝑢(𝑇") + (𝑝! − 𝑝")𝑣 
 

If c doesn’t vary much with temperature (as a rule of thumb, when temperature changes are less 
than a few hundred Kelvin), then c » constant and, 

𝑢(𝑇!) − 𝑢(𝑇") ≈ 𝑐(𝑇! − 𝑇"), 
ℎ(𝑇!, 𝑝!) − ℎ(𝑇", 𝑝") ≈ 𝑐(𝑇! − 𝑇") + (𝑝! − 𝑝")𝑣 

 
For example, for liquid water at 1 bar (abs): 

 
  



 

 
Table A-19 from Moran et al., Fundamentals of Engineering Thermodynamics, 8th ed., Wiley. 
 
 
  



Ideal Gas Model  
• Used to describe the behavior of real gases in the limit of zero pressure and infinite temperature 

(i.e., zero density).  The model does not account for the interaction between molecules of the gas, 
e.g., inter-molecular forces.  

• Equations of state: 
 

𝑝𝑣 = 𝑅𝑇    
where 𝑅 = 𝑅1$ 𝑀⁄   and 𝑅1$ =8.314 kJ/(kmol.K)  and M is the molecular weight 
Mair = 28.98 kg/kmol  =>  Rair = 0.287 kJ/(kg.K) 

 
𝑢 = 𝑢(𝑇) and ℎ = ℎ(𝑇)  
=>  𝑢(𝑇!) − 𝑢(𝑇") = ∫ 𝑐%(𝑇)𝑑𝑇

#!
#"

	and  ℎ(𝑇!) − ℎ(𝑇") = ∫ 𝑐&(𝑇)𝑑𝑇
#!
#"

    
 
𝑐& = 𝑐% + 𝑅 
 

• cp(T), cv(T), and k(T) for common gases are often given in tables. 
• If cv and cp don’t vary much with temperature (as a rule of thumb, when temperature changes are 

less than a few hundred Kelvin at temperatures above 0 °C), then cv and cp may be treated as 
constants and, 

𝑢(𝑇!) − 𝑢(𝑇") ≈ 𝑐%(𝑇! − 𝑇"), 
ℎ(𝑇!) − ℎ(𝑇") ≈ 𝑐&(𝑇! − 𝑇") 

An ideal gas with constant specific heats is known as a “perfect gas”. 
 
For example, for air: 

 
 

• Specific heat values for air and other ideal gases are often given in textbook tables. 
• Property values for air, taking into account the temperature dependence of the specific heats, are 

frequently available in tabular form in textbooks. 
 
 
 
 
 
 
 
 
 
 



 
 

 
Table A-20 from Moran et al., Fundamentals of Engineering Thermodynamics, 8th ed., Wiley. 
 
  



Ideal Gas Table for air. 

 
 
Carbon Dioxide (CO2) 

 
 
Note:  To convert from kJ/kmol to kJ/kg, divide by the molecular mass of the gas, e.g., MC = 12.0107 
kg/kmol and MO = 15.999 kg/kmol => MCO2 = 12.0107 + 2*15.999 kg/kmol = 44.01 kg/kmol, 

ℎ@!!(	* =
6601.0	 𝑘𝐽

𝑘𝑚𝑜𝑙
44.01	 𝑘𝑔𝑘𝑚𝑜𝑙

= 149.99
𝑘𝐽
𝑘𝑔 

 
 
 
 


