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Volumetric Equations of State

oA mathematical formula that relates
the pressure (P), temperature (T),
and specific volume (v) of a
substance is called an equation of
state (EOS).
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Ideal Gas (IG) EOS

oThe easiest yet the least accurate.

oApplies to gas phase only.

oTwo main assumptions:
oMolecular size is zero!

oNo molecular forces.

oParameter is R called universal gas
constant with a value of 8.314 J/mol.K.
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Virial EOS

oA series expansion around the IG limit.
oPressure form

oVolume form

oMore accurate than the IG EOS.

oApplies to gas phase only.
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Virial Coefficients

The virial coefficients are 
function of temperature only.
They are related to molecular 
forces from statistical 
mechanics

B is related to two body 
interactions. C is related to 
three body interactions and 
so on.

IG applicability limits Z =1
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Effect of T on Virial Coefficients

• For –ve B: Z < 1 (Attractive forces)
• For +ve B: Z > 1 (Repulsive forces)
• Boyle’s temperature B = 0; Z = 1 

(Attractive = repulsive forces)

Second and third virial coefficients for nitrogen (Fig. 3-10 in Smith and van Ness)

Pitzer’s Correlation for the Second Virial Coefficient

oApplies to nonpolar gases
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Generalized Compressibility Factor Chart

oThe compressibility factor Z can be thought of as the ratio of the
volume of the nonideal (real) gas to that of an ideal gas at the same
conditions.
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Corresponding States Principle (CSP)
oThe Z factor for all gases is approximately the same at the same reduced

pressure (Pr) and temperature (Tr).

o This is the two parameter CSP.

o The chart is for the majority of hydrocarbon gases with Zc ~ 0.27.
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Van der Waal’s (vdW) EOS

oDeveloped in 1873.

ovdW relaxed the assumptions of the
ideal gas:
oMolecules do have a volume.

oMolecules do have intermolecular
forces that are manifested as a
pressure exerted on the container
wall.

oThe first EOS to apply for both the
vapor and liquid phases.
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vdW EOS Parameters
oThe vdW EOS has two parameters

oA volume correction called covolume (b).

oA pressure correction called energy parameter (a)

oSubstance specific.

oObtained from the conditions at the critical point.
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Cubic EOS

ovdW is the first cubic EOS (in volume or compressibility factor)
successful in qualitatively describing both vapor and liquid phases.

oYet, it is not accurate.

oVarious modifications
o1949 Redlick-Kwong (RK) EOS: energy parameter, a, is function of T.

o1972 Soave-RK (SRK)

o1976 Peng-Robinson (PR)
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Cubic EOS
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Soave-Redlich-Kwong (SRK) Peng-Robinson (PR)
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Redlich-Kwong (RK)

Cubic EOS Coefficients
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Initial Guess for solution

Vapor (Vapor like): ideal gas (Z = 1).

Liquid: Reduced covolume (Z = B).
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Benedict-Webb-Rubin (BWR) EOS

oOriginal BWR
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Modified Benedict-Webb-Rubin (MBWR) EOS

oModified BWR (MBWR)
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Download the student version of NIST’s refprops software and check the pure component options available.
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EXAMPLE 3–13 Different Methods of Evaluating Gas Pressure
Predict the pressure of nitrogen gas at T = 175 K and v = 0.00375 m3/kg on the basis of (a) the ideal-gas equation

of state, (b) the van der Waals equation of state, (c) the Beattie-Bridgeman equation of state, and (d) the

Benedict-Webb-Rubin equation of state. Compare the values obtained to the experimentally determined value of

10,000 kPa.


