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1 Peng Robinson 1978 Thermodynamic Package

1.1 Introduction

The Peng Robinson 1978 is an improved version of the Peng Robinson Thermodynamic
model. In this model the attraction term is modified according to the accentric factor of
the pure component. There are two seperate equations for the attraction term for accentric
factors less than 0.491 and more than 0.491 which improves the overall result of the com-
pressibility factor which in turn improves the calculation of the fugacity coefficients in both
liquid and vapour phases.

1.2 The Thermodynamic Model

The equation of state for a pure component in the Peng Robinson 78 model is

P =
RT

(v − bi)
+

ai(T )

v(v + bi) + bi(v − bi)
(1)

where the parameters are given by

ai = 0.45724(
R2T 2

ci

Pci

)[1 +mi(1−
√
(Tri))]

2 (2)

where

Tri =
T

Tci

bi = 0.0778
RTci

Pci

(3)

if

ωi <= 0.491

mi = 0.37464 + 1.5422ωi − 0.26992ω2
i (4)

if

ωi > 0.491

mi = 0.379642 + 1.48503ωi − 0.164423ω2
i + 0.01667ω3

i (5)

where ω is the accentric factor and Tc and Pc are the critical temperatures and critical
pressure of the pure compounds
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1.3 Calculations in the Thermodynamic Model

1)This is a fugacity coefficient based Thermodynamic model. So our end goal would be to
calculate fugacity coefficients for the pure components in both liquid and vapour phases and
consequently calculate the component activity coefficient. To approach this first we need to
find the interaction parameters for different compounds which is stored in a function called
BIPPR in OpenModelica.

2)The value of aij is determined for each component by using the mixing rules

aij =
N∑
j=1

N∑
i=1

(
√

((ai)(aj)))(1− kij) (6)

3)Now we can proceed to calculate parameters for vapour and liquid phases

aliq =
N∑
j=1

N∑
i=1

((xi)(xj))aij (7)

bliq =
N∑
i=1

(bixi) (8)

avap =
N∑
j=1

N∑
i=1

((yi)(yj))aij (9)

bvap =
N∑
i=1

(biyi) (10)

Aliq =
aliqP

R2T 2
(11)

Bliq =
bliqP

RT
(12)

Avap =
avapP

R2T 2
(13)

Bvap =
bvapP

RT
(14)

4)Now the value of compressibilty factor can be found out by finding the smallest root of
the equation

Z3 + (Bliq − 1)Z2 + (Aliq − 2Bliq − 3Bliq2)Z − (AliqBliq −Bliq2 −Bliq3) (15)
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5)Now the fugacity coefficient for liquid phase can be calculated by using the equation

lnϕi =
bi(Z − 1)

bliq
−ln(Z−1)+

Aliq

2
√

(2)Bliq
[
bi
bliq

−2(

∑N
i=1

∑N
j=1(xj(aij))

aliq
)]ln[

Z + (1 +
√

(2))Bliq

Z + (1−
√

(2))Bliq
]

(16)

6)This same routine can be applied to calculate vapour phase fugacity coefficient but this
time the value of the compressibility factor is found by finding the largest root of the equation

Z3 + (Bvap− 1)Z2 + (Avap− 2Bvap− 3Bvap2)Z − (AvapBvap−Bvap2 −Bvap3) (17)

7)Applying equation 16 while replacing the liquid terms with vapour terms and the liquid
mole fraction with vapour mole fraction will give us the value for vapour phase fugacity
coefficient for the compounds.

8)Finally the component activity coefficient can be calculated by using the equation

Ki =
ϕvapouri

ϕliquidi

(18)
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1.4 Tables :Comparision of results from DWSIM
and OpenModelica

1.4.1 Comparision of data in one phase regions
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1.4.2 Comparision of data in VLE region
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2 Peng Robinson Stryjek-Vera 1 (PRSV-1) Thermo-

dynamic Package

2.1 Introduction

The Peng Robinson Stryjek-Vera 1 is an improvement to the original Peng Robinson Ther-
modynamic Package. This model modifies the attraction factor by adding another parameter
κ1 which is a parameter that depends on the pure component. This helps to better estimate
the attraction factor and in turn gives more accurate values for the vapour and liquid phase
fugacity coefficients especially in the VLE regions. Stryjek and Vera defined the value of κ1

for a number of compounds.

2.2 The Thermodynamic Model

The Peng Robinson Stryjek-Vera Thermodynamic Model is very similar to the original Peng
Robinson Thermodynamic Model with the exception of the attraction factor.The compound
parameters are

ai = 0.45724
αR2T 2

ci

Pci

bi = 0.0778
RTci

Pci

where Tci and Pci are the critical temperatures and critical pressures of pure components.
The value of α is given by

α = (1 + κ(1−
√
(Tr)))

2

where

κ = κ0 + κ1(1 +
√

(Tr))(0.7− Tr)

Tr =
√
(
T

Tci

)

The value of κ0 is given by

κ0 = 0.378893 + 1.4897153ω − 0.1713184ω2 + 0.0196554ω3

The values of κ1 are defined for various compounds. A table containing the values of κ1 for
65 different compounds used in OpenModelica is listed below.
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Since the attraction term is now affected by the term κ1 which is unique to each compound.
The fugacity coefficient for systems can be calculated more accurately
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2.3 Calculations in the Thermodynamic model

The calculation routine for Peng Robinson Stryjek-Vera 1 thermodynamic model is the
same as the Peng Robinson thermodynamic model with the exception of calculation of the
attraction factor as mentioned above.

3 Peng Robinson Stryjek-Vera 2 (PRSV-2) Thermo-

dynamic Package

3.1 Introduction

Stryjek and J.H. Vera further developed their thermodynamic model in 1986 by introducing
more compound specific factors in their equations and modifying the equations used to
calculate the fugacity coefficients. This model adds two more parameters κ2 and κ3 which
also depend on the pure component similar to κ1. With all these very specific components
and modified equations this model better predicts the properties of liquids and gases in the
VLE region.

3.2 The Thermodynamic Model

The constants for this thermodynamic model are the same as the original Peng Robinson’s
model.

ai = 0.45724
αR2T 2

ci

Pci

bi = 0.0778
RTci

Pci

where Tci and Pci are the critical temperatures and critical pressures of pure components.
The value of α is given by

α = (1 + κ(1−
√
(Tr)))

2

where

κ = κ0 + [κ1 + κ2(κ3 − Tr)(1−
√

(Tr)](1 +
√

(Tr))(0.7− Tr)

Tr =
√

(
T

Tci

)

The value of κ0 is given by

κ0 = 0.378893 + 1.4897153ω − 0.1713184ω2 + 0.0196554ω3

The values of κ2 and κ3 are defined for various compounds. A table containing the values of
κ2 and κ3 used in OpenModelica is listed.
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3.3 Calculations in the Thermodynamic model

The calculations for the PRSV-2 model can be done in two major ways. The first method
is by using Margulues equations which leads to the PRSV2-M model. The second method
is by using Van-Laars equations which leads to the PRSV2-VL model.

3.3.1 PRSV2-M

In the Margules equations the factor aij is defined as

aij =
√
(ai ∗ aj)(1− kij) (19)

The conventional mixing rules are applied to get

a =
N∑
j=1

N∑
i=1

(xi ∗ xj ∗ aij)
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b =
N∑
i=1

(xi ∗ bi)

The values of the compressibility factor and the dimensionless parameters are calculated as
follows.

aliq =
N∑
j=1

N∑
i=1

((xi)(xj))aij (20)

bliq =
N∑
i=1

(bixi) (21)

avap =
N∑
j=1

N∑
i=1

((yi)(yj))aij (22)

bvap =
N∑
i=1

(biyi) (23)

Aliq =
aliqP

R2T 2
(24)

Bliq =
bliqP

RT
(25)

Avap =
avapP

R2T 2
(26)

Bvap =
bvapP

RT
(27)

Z3 + (B − 1)Z2 + (A− 2B − 3B2)Z − (AB −B2 −B3) (28)

The highest root is taken as the correct compressibility factor for vapour phase and the
lowest root for the liquid phase. Now the fugacity coefficient is calculated with the following
equation

lnϕi =
bi(Z − 1)

b
− ln(Z −B)− (

A

2
√

(2)B
(
āi
a
+ 1− bi

b
)ln[

Z + (1 +
√
(2))B

Z + (1−
√
(2))B

]) (29)

where the terms are given by

āi
a
+ 1 =

2

a
(
∑
k

xkaik +
∑
j ̸=i

xixj[n
∂aij
∂ni j ̸=i

] +
∑
j ̸=i

m̸=i∑
m>j

xjxm[n
∂ajm
∂ni j ̸=im>jm ̸=i

]) (30)

For PRSV2-M the variables are given by

n
∂aij
∂ni j ̸=i

= (aiiajj)
0.5[xjkji − (1− xi)kij]
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n
∂ajm
∂ni j ̸=im>jm ̸=i

= (ajjamm)
0.5(xjkjm + xmkmj)

With (19) and the above mentioned equations the PRSV2-M model is completely defined.

3.3.2 PRSV2-VL

For the PRSV2-VL model the term aij is given by

aij = (aiiajj)
0.5(1− kijkji

xikij + xjkji
)

The rest of the calculations until the calculation of the fugacity coefficient are the same. The
equation (29) is used to calculate the fugacity coefficient. The variables for the calculation
are given by

n
∂aij
∂ni j ̸=i

= (aiiajj)
0.5kijkji(

(1− xi)kij − xjkji
(xikij + xjkji)2

n
∂ajm
∂ni j ̸=im>jm ̸=i

= −(ajjamm)
0.5 kjmkmj

xjkjm + xmkmj

(31)

The equation (30) is used again for the calculations. This completes the PRSV2-VL ther-
modynamic model. Note: The last term in (30) vanishes for binary systems in both the
models.
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