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Outline @AME:@

@ PR78 and PPR78 EoS thermodynamic models
@ Solving methodology of the EoS
@ Ongoing

@ Next steps
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o
Peng Robinson (PR78) EoS [1] {Q\QAMG%

For a pure component

RT ai(T)
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» /9
Mixing rules {CZ\\I?AME:;.?

PR78 PPR78
N N N N
ZZZZJ,/a, (1— k) a= ZZZZJ‘/‘Q’ i(1—k;i(T))
i=1j=1 (2) i=1j=1 N (3)
b= ZZ,'b,' b= ZZ,'b,'
i=1 i=1

PPR78 model [2] is an extension of the PR78 [1] that taking into the
account the addition of a Group Contribution Method (GCM) to estimate
the binary interaction parameter (k;;), whatever the temperature. Then,
the k;j; for the PPR78 is a temperature dependent variable k;;(T).
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o o c L /o
Binary interaction parameter k;i(T) @AM&@

According to Jaubert, & Mutelet, 2004 [2] k;;(T) is given by the
follow equation,

Ng N 208.15\ (24-1) ([ /a(T) a(T
3 Y Y (o — o) (i — 0p) Ay ( = ) g [')( ) [JJ( )
k"(T) o i=1j=1 ! J
" ai(7).3;(T)
2 b,'.bj

(4)

Ng is the number of different groups defined by the Group Contribution Method (GCM).
Ay and By, are constant parameters.
Ak = Ak, B = Bix and Ak = By =0 (where k and i are two different groups.

Ajx is the fraction of molecule i occupied by group k (occurrence of group k in molecule

i divided by the total number of groups present in molecule i.
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o
Fugacity coefficients @AME%

For any mixture

Ing; = / =Lop (5)

Equilibrium relations in a multicomponent mixture system are given from
fugacity coefficients (¢;), which are determinate after compressibility factor
(Z) calculus. Then, we need to write EoS (Eq. 1) as a function of Z, F(Z).
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o
Compressibility factor (Z) {Q\?AMEE%

Dimensionless relations

Pv aP bP

Z=— A=—— B=—
RT R2T2 RT

Replacing constants of Equation 6 into Equation 1 we have:

For PR78 and PPR78 EoS

73 - (1-B)Z°+(A-2B-3B%)Z—(AB-B>-B% =0 (7)

The problem is reduced to know the roots of the cubic equation (7).
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Finally, fugacity coefficients for both PR78 and PPR78 are taking
into account by the equation

nc
2Zxka;k
b; A k—1 7 A Z+241B
Ingi=—(Z—1)—In(Z—B)— —— | In({ =—F—=
ngi=(2-1)-In(z-8)->"7¢ 2 b ”(2—0.414B>

(8)
Since Z has three solutions (roots), it is necessary to define a criteria for
the right Z values to guarantee equilibrium solutions. A simple test criteria
is to assign the lowest real positive value of Z = Z,,;, for the liquid phase
(bubble point), and the highest, real, positive value of Z = Z,,, for the
vapor phase (dew point).

Gustavo E. O. Celis EoS for PVT 21/01/2022 8/14



Roots choosing
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The development of the fugacity

coefficients from the PPR78 EoS is
already implemented (programming) in

Python.
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k,-j validation tests

For a binary mixture, CO2 + heptane at T = 394.15K

Table 1: Al Ghafri, et. al., 2014 [3]
kij 0 1
0 0 0.1156
1 0.1156 0

2,4-dimethyl pentane + n-octane at T =313.15K

Table 2: Jaubert, & Mutelet, 2004 [2]
kij 0 1
0 0 -0.0017
1 -0.0017 0
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o
ki validation tests @AME%

For a multicomponent mixture, live oil + CO2 at T =394.15K [3]
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o
Roots of the cubic EoS @AME%

Binary mixture (CO2 + heptane) at T =394.15 K
—
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