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1 Introduction

The volume shift was introduced by Péneloux et al. [8],

c =
1

n

∑
i

cini, (1)

where ci is a component constant representing the component volume shift.
Different properties change when working with volume translations, see Jaubert et al. [3] for

details.
The volume-shift have found application in many cubic based equations of state (t-mPR[6],

PSRK[2], VTPR[1], tc-PR/tc-RK[7], . . . ), and the component volume translations ci, are often
fixated to match the liquid density at T = 0.7TCrit,

2 Volume shifts for generic EOS

The residual reduced Helmholtz function of a generic EOS is found as follows,

F (T, Veos,n) =
Ar(T, Veos,n)

RT
=

∫ ∞

Veos

[
P (T, V ′

eos,n)

RT
− n

V ′
eos

]
dV ′

eos (2)

Introducing the volume shift,

V = Veos −
∑

nici = Veos − C, (3)

The residual reduced helmholtz of the volume-shifted (vs) EOS can be found, using dV = dVeos at
constant n and T ,

F vs(T, V,n) =

∫ ∞

V

[
P (T, V ′ + C,n)

RT
− n

V ′

]
dV ′ (4)

=

∫ ∞

V

[
P (T, V ′ + C,n)

RT
− n

V ′ + C

]
dV ′ + n

∫ ∞

V

[
1

V ′ + C
− 1

V ′

]
dV ′ (5)

=

∫ ∞

Veos

[
P (T, V ′

eos,n)

RT
− n

V ′
eos

]
dV ′

eos + n

∫ ∞

V

[
1

V ′ + C
− 1

V ′

]
dV ′ (6)

= F (T, Veos,n) + n ln

(
V

Veos

)
(7)
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Here we need to treat Veos = Veos(V,n) with the chain rule when differentiating F vs.
If we introduce FC as the corrected residual reduced Helmholtz energy, due to the difference

in ideal volume,

FC(V,n) = n ln

(
V

V + C

)
, (8)

the differentials can be derived in a organized manner.

FC
V = n

(
1

V
− 1

V + C

)
= n

(
1

V
− 1

Veos

)
, (9)

FC
V V = n

(
− 1

V 2
+

1

(V + C)2

)
= n

(
− 1

V 2
+

1

V 2
eos

)
, (10)

FC
i = ln

(
V

V + C

)
− nci

V + C
= ln

(
V

Veos

)
− nci

Veos
, (11)

FC
ij = −(cj + ci)

V + C
+

ncicj

(V + C)2
= −(cj + ci)

Veos
+

ncicj
V 2
eos

, (12)

FC
V i =

1

V
− 1

V + C
+

nci

(V + C)2
=

1

V
− 1

Veos
+

nci
V 2
eos

(13)

In addition the compositional differentials change since Veos = V + C,

F eos
i = F eos

i + F eos
Veos

ci, (14)

F eos
T i = F eos

T i + F eos
TVeos

ci, (15)

F eos
ij = F eos

ij + F eos
iVeos

cj + F eos
Veosjci + F eos

VeosVeos
cicj . (16)

2.1 Test of the fugacity coefficient

Let us test this for the fugacity coefficient. It is defined as

ln ϕ̂vs
i =

(
∂F vs

∂ni

)
T,V,nj

− ln (Z) = F vs
ni

− ln (Z) (17)

Differentiating F vs,

F vs
ni

= Fni + FVeosci + ln

(
V

Veos

)
− nci

Veos
= Fni + ln

(
V

Veos

)
− Pci

RT
(18)

Combining Equation 17 and 18, we get

ln ϕ̂vs
i = Fni + ln

(
V

Veos

)
− Pci

RT
− ln

(
PV

nRT

)
(19)

= Fni − ln

(
PVeos

nRT

)
− Pci

RT
(20)

= ln ϕ̂i −
Pci
RT

(21)

which is the same result as reported by Péneloux et al.



3 Correlations used for ci

The ci for the SRK EOS is calculated from the following equation:

ci = 0.40768
RTci

Pci

(0.29441 − ZRA) (22)

ZRA are tabulated in TPlib. Reid et al. [10] also correlate ZRA as follows:

ZRA = 0.29056 − 0.08775ω (23)

Jhaveri and Youngren [4] have developed different paramaters for the PR EOS:

cPRi = 0.50033
RTci

Pci

(0.25969 − ZRA) (24)

4 Temperature dependent volume shift

Temperature dependent volume translation are known to give supercritical iso-therm crossings [9]
and possibly un-physical behaviour [5] and must be executed with care. In some cases it can be
used as a simple remedy to improve liquid density predictions.

In this case the FC function becomes,

FC(V,n, T ) = n ln

(
V

V + C (n, T )

)
, (25)

and the temperature differentials become,

FC
T = − nCT

V + C
= −nCT

Veos
, (26)

FC
TT = − nCTT

V + C
+

nC2
T

(V + C)2
= −nCTT

Veos
+

nC2
T

V 2
eos

, (27)

FC
V T =

nCT

(V + C)2
=

nCT

V 2
eos

, (28)

FC
iT = − CT

V + C
− nciT

V + C
+

nCT ci

(V + C)2
= −(CT + nciT )

Veos
+

nCT ci
V 2
eos

. (29)

In addition the compositional and temperature differentials change since Veos = V + C (n, T ),

F eos
T = F eos

T + F eos
Veos

CT , (30)

F eos
TT = F eos

TT + 2F eos
TVeos

CT + F eos
VeosVeos

C2
T + F eos

Veos
CTT , (31)

F eos
V T = F eos

V T + F eos
VeosVeos

CT , (32)

F eos
T i = F eos

T i + F eos
TVeos

ci + F eos
VeosVeos

CT ci + F eos
VeosiCT + F eos

Veos
cT,i. (33)

While F eos
i and F eos

ij are unchanged from (14) and (16) respectively.
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