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The CPA equation of state was presented by Kontogeorgis et al. (1996). CPA stands for Cubic Plus Association and refers to combination of a classic cubic equation of state with an association term. More specifically CPA combines the PR equation with the association term from SAFT to account for hydrogen bonding.
    Expressed in terms of pressure the CPA model can be written as:
	
	(1)



Cubic Part
The contribution from the cubic part can be given by the PR equation of state. The general form of this equation is defined as follows:
	(2)
	

	(3)
	


    The parameters a(T) and b are temperature‑dependent attractive force parameter that accounts for intermolecular attractions and effective molecular volume (co‑volume), namely the critical temperature (Tc), critical pressure (Pc), and the parameter m is a constant that depends on the acentric factor (ω) of the mixture components.
    Additionally, to enhance the accuracy of liquid phase volume calculations, the Peneloux volume correction was applied to the molar volume.
	
	(4)


    Where Vpr represents the molar volume of a substance as predicted by the Peng-Robinson and c is the volume correction parameter for each component.
Association Part
The contribution from the association part can be written as:
	
	(5)


    i is the index for components and Ai is the index of association sites on component i. XAi
is the fraction of sites of type A on component i, which are not bonded to other sites.
g is the simplified expression of the radial distribution function as given by:
	
	(6)


    The fraction of sites XAi is given by:
	
	(7)


    ΔAiBj is the association strength between site A on component i and site B on component j. It is calculated from the association energy, εAiBj, and the association volume, βAiBj from:
	
	(8)


    εAiBj and βAiBj are parameters for association energy and association volume.
Mixing Rules
For mixtures classical mixing rules are used for the a and b parameters in the cubic part:
	
	(9)

	
	(10)


    In order to ensure accurate liquid densities for hydrocarbons, volumes may be corrected
using a temperature dependent Peneloux volume shift:
	
	(11)


For calculating cross association parameters for the association part, PVTsim uses the CR-
1 combining rule:
	
	(12)

	
	(13)
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Figure 1. Structure of the CPA equation of state showing the combination of the Peng–Robinson cubic term with the SAFT‑based association contribution as implemented in PVTsim Nova.
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