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ABSTRACT
Prediction of The Klnimum Hlsclblllty Pressure

(MP) of the Vaporizing Gas Drive (VGD) process Is
modeled using an equation of state with different 
mixing rules Joined with a newly formulated expression 
for the unlike-three-body Interactions between the 
injection gas and the reservoir fluid. The comparison 
of the nuinerical results with the available 
experimental data Indicates that an equation of state 
alone overestimates the MP. However, when the 
equation of state Is joined with the unlike-three-body 
interaction term, the MP will be predicted accurately. 
The proposed technique is used to develop a simple and 
reliable correlation for the accurate vaporizing gas 
drive NMP prediction 

INTRODUCTION 

The Ternary or pseudoternary diagram is a useful way 
to visualize the development of miscible displacement 
in enhanced oi I recovery. The phase behavior of a 
reservoir fluid for which the exact composition is 
never known can be represented approximately on a 
triangular diagram by grouping the components of the 
reservoir fluid into three pseudocomponents, Such 
diagram Is called pseudoternary diagram. 

The scope of this paper involves the use of the 
Peng-Robinson equation of state coupled with
coherent mixing and combining rules derived from
statistical mechanical considerations, and the
Implementation of the three body effects in the
evaluation of the phase behavior of ternary systems
and the prediction of the minimum miscibility
pressure of simulated reservoir fluids, To support
the application of the model, It was preferable to 
obtain phase behavior data for true ternary systems

such as carbon dloxlde-n-butane-n-decane and 
methane-n•butane-n-decane, wlch are rigorously 
described by ternary diagrams. Koreover, 
experimental vapor-liquid data for the above 
systems are available at pressures and temperatures 
which fall within the range of the majority of oil 
reservoirs. 

The utility of the Peng-Robinson (PR) ·equation 
of state has been tested 1 • 2 with limited succes 
In predicting the phase behavior and minimum 
miscibility pressures of simulated reservoir 
fluids. By using the PR equation of 1tate an 
overpredlctlon of the MP of the methane-n-butane
n-decane system was observed and It was belelved 
that this was due to the limitations of the PR 
equation which does not accurately predi�t the 
phase behavior of the methane-n-butane-n-decane 
system in the critical region. In addition the 
prediction of the vapor-liquid coexistence curves 
of the carbon dioxide-n-butane-n-decane sytems was 
not satisfactory In all ranges of pressures and 
compositions. 

The ultimate objective of this paper Is to show 
the Impact of the mixing and combining rules on the 
prediction of the phase envelops and the 
contribution of the three body-effects on phase 
behavlur predictions near the critical region. 

THE VAN DER WAALS NIXING RULES 

From the conformal solution theory of 
statistical mechanics It can be shown that pair
intermolecular potential energy function of any two 
molecules of a mixture can be related to the 
potential energy function of a reference fluid by 
the following expre1slon1 

This paper was prepared for presentation at the 61st Annual Technical Conference and 
Exhibition of the Society of Petroleum Engineers held in New Orleans, LA, October 5-8, 1986.

DOI: 10.2118/15677-PA

(1). Present address: Faculty of the Exact & Computer Science, 
Abdelhamid Ibn Badis University, Mostaganem, Algeria;           
Email: fsei@univ-mosta.dz 
(2). Email: mansoori@uic.edu

 1



ACCURATE VAPORIZING GAS DRIVE MINIMUM MISCIBILiTY PRESSURE PREDICTION SPE 15677

1/3 
uij {r) • fiju

0
(r/h 1J ) (I) 

In the above equation u
0 

Is the potential energy

function of the reference pure fluid, t11 is the
conformal molecular energy parameter and �ijl/3 
is the conformal molecular length parameter of 
interactions between molecules i and j of the 
mixture. By using £q, I in the statistical 
mechanical virial or energy equations of state and 
application of the conformal solution approximation 
to the radial distribution functions of components 
of a mlxturel It can be shown that 

n n 
fxhx • � :t x1xJfiJhiJ 

I j 
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hx • :t :t XiXjhij 
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where hx and fx are the conformal solution 
parameters of a hypothetical pure fluid which can 
represent the mixture and x,. Xj are the mole 
fractions. This means that for the extenalon of 
applicability of• pure fluid equation of state to 
mixtures one has to replace molecular energy and 
length parameters of the equation of atate with the 
above mixing rules. 

Equations 2 and 3 are Identical with the mixing 
rule,

4 
which were originally proposed by van der

Waals for the van der Waals equation of state as 
It was applied to simple mixtures. 

In order to apply the van der Waals mixing rules 
in different equations of state, one has to 
consider the following guidelines of lhe conformal 
solution theory of statistical mechanics: 

(i) The van der Waals mixing rules are for 
constants of an equation of state. 
(11) Equation 2 Is I mixing rule for
parameters that are proportional to (molecular
1ength)3. (molecular energy) and Equ�tlon 3
Is a mixing rule for parameters that are
proportional to (molecular length)3

As an example the P1ng-Robln1on5 equation of 
state which has received a wide acceptance In 
process engineering calculations 11 chosen In this 
Investigation to perform vapor-liquid equilibrium 
c1lculatlon1. 

In the Peng-Robinson equation of state 

RT a (T) 
p ·---

v-b v (v+b) +b (v·b) 
(It) 

where 

(S) 

(6) 

the characteristic constant « is given by the 
following relationship: 

« • 0.37464 + 1.5�226w - o.26992w2 (�) 

It Is customary, for the mixture. to calculate 
parameters I and b with the following expreaslons 
which are known as their mixing rules 

n n 

• •  E l: x1xjalj
j 

(9) 

(10) 

(11) 

This set of mixing rules 11 however Inconsistent 
with the guidelines dictated by the conformal 
solution theory of stetistical mechanl�1. 

In order to apply the van der Waals mixing rules 
correctly In the Peng-Robinson equation �, state, 
we must separate thermodynamic varlabl�• from 
constants of the equation of state, Thus, we can 
write the Peng-Robinson equation of state In the 
fol lowing form: 
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V c/RT + d - 2 ./ (cd/RT) 
Z•-------------- (12) 

v-b (v+b) + (b/v) (v-b) 

This new form indicates that this equation of 
state has tl.ree independent constants which are b, 
c, and d, Parameters b and d are proportional to 
(molecular length)3 or (b•h and d•h), while 
parameter c is proportional to (molecular 
length) 3, (molecular energy) or (c•fh). Thus, the 
mixing rules for c, b, and d will be 

n n 

C • � � XiXjCij 
I J 

( 13) 

(14) 

(15) 

The combining rules for the unlike Interaction 
parameters b, c and d that are contlstent with the 
above mixing rules will be

1/3 1/3 
bi i + bjj 

bu· c1-1u)3 c ]3 
2 

(16) 

1/3 1/3 
di i + djj 

d I J • ( 1-m iJ) 3 [ ]3 
2 

(17) 

C1j• (1-klj) [ci i ,Cjj/bi 1 •bjj) l/2 bij ( 18) 

In Equations 16-18 parameters klj• lij and
m1J are the binary interaction parameters that 
can be adjusted to provide the best flt to the 
experimental data. In the next section we �111 
discuss the shortcoming of using mixing rules for 
multicomponent mixtures (three components and more) 
and we will propose the CQncept of unlike three
body Interactions to correct this problem. 

THEORY OF THE THREE BODY FORCES 

In a fluid system the total 
potential energy of the interacting 
be wri�ten in the following form: 

Intermolecular 
molecules may 

N N 

U • l: u ( I j) + l: u {i j k) + ...

i<J i<j<k 
( 19) 

In the above equation u(ij) is the pair
intermolecular potential energy between molecules I 
and j, and u(ijk) Is the triplet intermolecular 
potentia1 energy between molecules i, j and k, It
is shown that the contribution of the triplet 
intermolecular inceraction energy to the total 
intermolecular pot•ntial energy is of the order �f 
S to 10%. However, higher order terms (four body 
interactions and higher) In Equation 19 are
negligible. Moreover, when a third order quantum 
mechanical perturbation t3 the ernergy of
Interaction is carried out7, , It. can be shown 
that the leading term In the three-body Interaction 
energy I� the dipole-dipole-dipole term which 11 
known as the Axllrod-Teller triple-dipole 
dispersion energy. The Axllrod-Teller potential 11 
given by the following expression:

�ljk(l + 3co1y1co1yjcosyk)
u(IJk) • -----------

(rljrjkrik)3 

where i, j and k are the three molecules 
triangle with sides rij• rjk and rik 
interior angles YJ, Yj ana Yk· For 
evaluation of the triple-dipole constant 
is possible to show9 that 

3 h • 

(20) 

forming a 
and 
the 
� ljk It 

where a1 (lw) 11 the dipole polarizablllty of 
molecule i at the Imaginary frequency lw, h Is the 
Planck constant and •o Is the vacuum 
permittivity. Several approximate expressions for 
the triple-dipole constant �ljk have been
proposed; however, the expression which Is very 
often associated with the Axllrod-Teller potential 
function has the following form: 
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(I 1+1 j) (I j+I k) (I i+I k) 
(22) 

where Ii Is the first Ionization potential and 
ai is the static polarizabilty of molecule i, 

In Equation 20 uijk will be a positive 
quantity, indicatin, repulsion, provided the 
molecules form an .:ute triangle, and It will be 
negative, indicating attraction, when the molecules 
form an obtuse triangle. C,mtributlon of three
body effects to the Helmholtz free energy of a pure 
i luid using the statistical mechanical 
superposition approximation for the molecu:ar 
radial distribution func�ion is desc,·ibe by a Pade 
approximant6 

N11 f1 (ii) 
A3b. ____ _ 

d9 f2 (1'1) 

where 

(23) 

,, • (ll'/6) (nd3/v) (20) 

in which N is the number of molecules in volume V 
and d Is a hard core molecular diameter, As a

result the following relation holds for the 
Helmholtz free energy of pure fluids: 

(27) 

where A2b is the Helmholtz free energ� due to 
pair Intermolecular Interactions, and A}b Is the 
Helmholtz free energy due to triplet Intermolecular 
lnterac:tlons. 

Basic: statistlc:al mechanical equations of state
which Incorporate In their formulations the concept 
of pair Intermolecular Interactions can be used to 
derive the expression for the Helmholtz free energy 

due to pair Interactions A2b, Then If we replace 
the resulting A2b in Equation 27 will have an
expression which can be used for realistic 
fluids10• However, for such equations of state
the intermolecular potential energy parameters are 
not available for highly asymmetric compounds. 

In extending Equation 27 to mixtures one can 
either use an exact mixture theory or a set of 
m1x1ng rules. In a multicomponent mixture, In 
addition to binary interaction parameters there 
will be numerous three-body parameters 11ljk's to 
be dealt with. For example, in a binary mixture, In 
addition to binary parameters, we will have four 
ternary parameters (11111, 11112, 11122 and
11222) which are all different from each other. 
In a ternary mixture we will have the following 
ternary parameters (11111, ••• , 11123, .•• , and
11333) which add up to nine ternary parameters.
Tne excessive number of Interaction parameters and 
the lack of experimental data for these parameters
demonstrate the difficulty which presently exist in 
the practical utilization of such statistical
mechanical equation of state. As a result In the
present report w� are using the Peng-Robinson
equation of state which Is a fairly accurate 
empirical equation for thermodynamic: property 
calculations of hydrocarbon mixtures. However, when 
an empirical equation of state Is used for pure 
fluid it would be rather difficult to separate
contributions of the two-body and three-body 
Interactions into the equation of state.

An emp!rlcal equation of state Is usually Joined 
with a set of mixing and combining rules when lta 
application is extended to mixtures. By a
comparison of a mixture empirical equation of state
with a statistical mechanical equation of state we 
can conclude that, for pure fluid and binary 
mixtures, an empirical equation of state can 
represent mixture properties correctly since the 
energy of interaction which is related to 111 12 
and to 11122 is accounted for by the empirical 
equation of state through the binary Interaction 
parometers which are used in the combining rules. 
However, when we use a mixture equation of state
which Is based on the above concept of mixing rules 
for multicomponent mixtures (ternary and higher 
systems), th�re will be a defficlenc:y In the 
mixture property representation. This defflclency 
Is due to the lack of consideration of any unlike 
three-body Interaction term in such empirical 
equations of state. This defflclenc:y can be 
corrected by adding the contribution of the unlike 
three-body term, resulting from the Axllrod-Teller 
potential, to the empirical equation of state,
Consequently for the Helmholtz free ener.gy of a 
multicomponent mixture we can write 

1 (i'Jtlk (28) 
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•iscible •vent) and t1111perature, the minimum
pressure at which miscibility can be achieved
through �ultlple contacts Is referred to as the

f I (d)

f 2 (d) 

in which 
,Rolecular 
He lmhol ';z 
empirical 

d is the mixture average ha·� ctre 
diameter , and Ame (a, b) i • •• �, 

free energy evaluated wit'. tit# ..,, , ture 
equation of state, 

For example, 
becomes 

for a binary mixtur, tcwtion 28 

()0) 

and for a ternary mixture - �•v• 

while for a 
would be 

• A,.• A111 (a, b)

111•3 (3 I) 

four cOMponent 111lxture Equation 28 

(32) 

It Is • proven fact that unlike three-body 
interaction terms are the major part of the three
body potential In multicomponent mlxtures11 • As
a result the three-body correction terms In the 
above equations would make a substantial improvment 
specially in the region of equimolar mixture. 

VAPORIZING GAS DRIVE ANO MINIMUM MISCIBILITY PRESSURE 

The vaporizing gas drive mechanism Is a process 
used In enhanced oil recovery to achieve dynamic 
miscible displacement or multiple contact miscible 
displacement. Miscible displacement processes rely 
on multiple contact of injected gas and reservoir 
oil to develop an In-situ vaporization of 
intermediate molecular weight hydrocarbons from the 
reservoir oil into the injected gas and create a 
miscible transition zone 12

The miscible agents �hich are used In such a 
process may Include natural gas, Inert gases and 
carbon dioxide. Dynamic miscibility with CO2 has 
a major advantage since It can be achieved at a 
lower pressure than with natural gas or Inert 
gases. 

■ln111U1ft miscibility pressure. The minimum
miscibility pressure can also be defined as the
mlnim1J111 pressure at which the critical tie line 
(tangent to the binodal �urve at the critical 
point) passes through the point representing the 
oil composition (Figure 1). Dynamic miscibility can 
be achieved when the reservoir fluid lies to the 
right of the limiting tie line. 

In evaluating a petroleumn reservoir field for 
possible CO2 or natural gas flooding certain data 
are required which can be measured in the 
laboratory. In the absence of measurements such 
Information can be estimated from fundamentals and 
theorltlcal considerations. The required 
Information include the MMP, PVT data, asphaltene
precipitation, viscosity reduction, the swelling 
of crude oil. It Is obvious that accurate 
predictions of PVT data and MP have important 
consequences for the design of a miscible
displacement process. In the following section a
math1111atlcal 'llodel Is presented for the evaluation
of the minimum miscibility pressure.

�thui1tlc1l Formu}1tloQ 2f th• MP 

The governing equations 9f the critical state of 
a three-component 1y1tem1 J are given by the 
following determinant equatlonsz 

u •

2 2 
&g/h1 
2 

011/ <ox 1 ox2>
- 0 (33) 

V • 

2 2 
og/ox1

2 
0111 (ox1ox2>

• 0 (lit)
autox 1

6U/ox2 

where the partial derivatives of the molar Gibbs 
free energy g(P,T,x1) are obtained at constant P, 
T and x3• When the above determinant equations
are solved for the critical compositions, the 
tangent to the binodal curve at the critical point 
will be obtained as the following: 

__ c ___ • ---- at critical point (35) 
X2 - Xz dxz 

E.H. Benmekki and G.A. MansooriSPE 15677 5

E.-H. Benmekki and G.A. Mansoori
Accurate Vaporizing Gas-Drive   Minimum Miscibility Pressure Prediction

SPE 15677, 12 pages, Proceed. 61st Ann. SPE Tech. Conf. & Exhib., 1986



where x1
c and x2

c are the critical
compositions of the light and Intermediate 
components, respectively. Pn is the interpolating 
polynoml&l of the binodal curve and the first 
derivative of the Interpolating polynomial at the 
critical point is approximated by a central 
difference formula, It should be pointed out that 
a good estimate of the critical point of a mixture 

can be obtained from the coexisting curves and 
combined with Equation 35 to generate the critical 
tie 1 lne. 

VAPOR-LIQUID EQUILIBRIUM CALCULATIONS 

When applying a single equation of state to 
describe both liquid and vapor phases, the success 
of the vapor-liquid equilibrium predictions wi II 
depend on the accuracy of the equat:�, of state and 
on the mixing rules which are used. 

In the equilibrium state, the intensive 

properties - temperature, pressure and chemical 
potentials of each component - are constant in the 

overall system. Since the chemical potentials are 
functions of temperature, pressure and 
compositions, the equlll�-lum condition 

l•l ,2, ••• ,n (36) 

can be expressed by 

i•l ,2 •••• ,n (37) 

The expression for the fugacity coefficient �i 
depends on the equation of st�te that is used and 
is the same �or the vaP,or and liquid phases 

-

RT In •1· f [(aP/ani)T v n -(RT/V))dV-RTlnZ (38) 
V ' ' J 

With the use of the correct version of the van der 
Wa�ls mixing rules, the following expression for 
the fugaclty coefficient will be dP-rived: 

In •1 • ((2 t Xjblj-b)/b) (Z-1)-ln(Z-B)-(A/(2v'2 B))

((2 t XjClj +2RTt XjdlJ -2v'(RT) (c t XjdlJ 

+ d t XjCIJ)/,/(cd))/C - (2 T. XjblJ - b)/b)

(In ((Z + (l+/2)8)/(Z + (l-v'2)B))) (39)

where 
A• CP/(RT)2 
B • bP/RT 
C • c + RTd - 2v'(cdRT) 

The original Peng-Robinson equation of state,
Equation It, was used in the derivation of Equation 
39. However, with the implementation of the three
body effects the mixture equation of state will be

where pe is the ex�ression for the empirical 
equation of state and 

(It I) 

(lt3) 

The co-volume parameter, b, Is related to 'I with 
the following relation: 

'I • (b/ltv) (lilt) 

Now if we derive the fugacity coefficient from the 
integral form, Equation 38, and using Equation Ito, 
we obtain for the PR equation of state with the 
original mixing rules the following expression:

In •1 • (b I /b) (Pev - RT) /RT -1 n (P (v-b) /RT) 

-(a(2 t XjalJ/a - b1/b)/(2v'2bRT) 

In ( (v+ (1+/2) b) / (v+ (l-v'2) b)) 

+d(x1x2x3A3b )/dni123 
(45) 

whllo the following expression Is derived when the 
PR equation of stare Is used with the correct
version of the van der Waals mixing rul es:
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ln 4>1 • ((2 l: Xjb 1r
b)/b) (Pev/RT-l)•ln(P(v-b)/RT) 

(c/(.h'2RTb)) ((2 E XjCfJ+ 2RT E Xjd1r2✓(RT) 

(c:ExJdlj+dl:xJcij)/✓(cd))/C-(2 E XJb1rb)/b) 

(In ((v + (1-W2)b)/(v + (1-✓;i)b)))

(46) 

With the aid of a computational algorithm Equations 
37 through 46 are used to generate the binoda l 
curves of binary and ternary systems as it Is 
discussed below. 

RESULTS ANO DISCUSSION 

In the present calculations experimental binary 
vapor-liquid equilibrium data are used in the 
evaluation of the binary interaction parameters 
which minimize the following objective function: 

I\ P (exp) • P (cal) 
)
2

OF • E [.--------
1•1 p (exp) I 

{lJ7) 

where I\ ls the nUlllber of experlmental data 
considered, P(exp) and P(cal) are the experl111ntal 
and calculated bubble point pressures, 
respectively, A three paruieter search routine la 
used to evaluate the binary Interact!� parameters 
of the correct version of the van der Waals mixing 
rules. The values of the binary Interaction 
parameter, of a ll the systems studied In this paper 
are reported in Table 1, 

In Figure 2 the experimental and ca lculated 
results are compared fer the methane·n·decane 
system which has a big influence on the prediction 
of the methane-n-butane-n·decane ternary system. 
In this case both mixing rules provide a good 
corre lation of the experimental result11 however, a 
bigger deviation, overprediction, ls observed for 
the original mixing rules In the vicinity of the 
critical point. The carbon dioxlde-n-decane system 
11 illustated in Figure 3 where we can see that the 
PR equation with the classical mixing ru les falls 
to pro�erly correlate the VL£ data In all ranges 
nf pressures and composi tlons while an excel lent 
correlation is obtained with the correct mixing 
rules, 

For asymmetric mixtures it has been shown that 
PA equation of state could not represent the sharp 
changes of slopes near the mixture critical region. 
This same prob lem can be also observed In a simple 
ternary mixture of methane-ethane•propanel6 as It 
Is demonstrated In Figure �. However, by 
Incorporating the three-body effects It Is shown In 

this figure that the deviation of the PR equation 
around the critical point is substantially 
corrected, Figure � shows the phase behavior of 
the methane-n-butane�n-decane 1y1tem1 7, Since 
the value of the trlple·dlpo le constant �123 is 
obtained from an approximate expression, an 
adjustab le paramet.er, t, is Introduced In Equation 
23 as the following: 

(48) 

In this equation, f Is adjusted to provide the be,it 
correlation possible of the ternary system. In 
Figure S the value of , is found to be equal to 
0.5. The carbon dloxide·n·butane-n-decane 
system l8 is shown in Figure 6 wherti the phase 
behavior prediction with the correct version of the 
an der Waals mixing 1·ule is c learly supulor than 

with th• classical mixing rules. The chain-dotted 
line l1 for the PR equation with th• correct mixing 
ru les and Including the three-body effects with 
1•1. Figure 7 Illustrates the contribution of the 
three-body effects on the phase behavior prediction 
of the ternary sy1te111 In the vicinity of the 
critical region which Is very l11portent for the 
prediction of the MP. The PR equati?n with the 
classical mixlnt rules and lncludlnt the three 
body-effects with t-0,S Is represented by the •�lid 
lines while the PR equation with the ,._ mlxlns 
rulea but without the three-body effect• 
overpredlcta the MP, dashed lines. It ahould be 
pointed out that In this case the critical point la 
evaluated from the coexisting curves and the 
binodal curve is approximated with a quadratic 
polynomia l around the critical point. In Figure 8 
the critical point ls obtained from Equations 29 
and 30 and the quadratic polynomial• ar�und the 
critica l point is obtained with two additional 
points from the binodal curve, In this case we also 
observe an overpredlction of the MNP from the PR 
equation and the classical mixing rules. 

CONCLUSION 

As a conclusion the following may be pointed 
out: 

(1) For a successful prediction of phase
behavior of ternary and rr.u It I component l)'I tems,
we must flrat be abble to correlate binary data
of species constituting the mixture correctly, In
the present report thl• has been achieved by
utilizing the correct veralun of the van der
Waals mixing rules for the PR equation of state,
As a result, the binary VLE data are correlated
with 1n accuracy which was not achieved
prevloualy with the PR equation.

(ii) To improve prediction �f the phaae behavior

1 
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of ternary and multicomponent mixtures around the 
critical region It 11 necessary to Incorporate 
the three-body effects In the equation of �tate 
calculation. The contribution of the three-body 
effects around the critical point must not be 
confused with the "critical phenomena" 
effect 1 9. Deviations of the PR equation of
state from experimental data of ternary systems 
around the critical point are generally much 
bigger than what the "non-clauical" ef�,ct due 
to "critical phenomena" can cause. The authors 
have demonstrated that a large portion of this 
deviation can be corrected by incorporating the 
unlike-three-body effects in the phase behavl9r 
calculations. In most instances studied the non
classical contribution is so small that for the 
scale of the graphs and the accuracy of the 
available experimental data it is insignificant. 

(ill) The utilization of the concept of 
statistic�! thermodynamics of multicomponent 
mixtures has provided us with a strong tool of 
'improving the correlation and predictive 
capabilities of the existing empirical 
engineering thermodynamic models.

(Iv) The ternary mixture computational 
technique presented here baaed on the 
Incorporation of the corrected version of the van 
der Waals mixing rules and the three-body effects 
can be readily extended to multicomponent 
calculations. The authors have developed a number
of computer packages wlch are capable of 
performing such calculatlon1. In the forthcoming 
publications results of such calculatlon1 for 
multicomponent systems will be allQ reported.

NOl'IENCLATURE 

�•Binary lnter�ction parameter 

�•Reduced density 

µ •Chemical potential 

w • Acentric factor 

P • Pressure 

R • Universal gas constant 

r • Intermolecular distance 

T • Temperature 

v • Molar volume 

x • Mole fraction 

Z • Compressibility factor 

Super1crlpt1 2!. subscripts

c • Critical state

• Component identification

L • Liquid state

m • Mixture property 

r • Reduced property 

V • Vapor state
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fable 1. Values of binary 1nteract1on para119ters for tM different ••xtng rules. 

Btnary lnteract1ons ,:O.:ranieters 

correct Ntxtng Rules Ortgtnal Ntxtng 
Rules 

Syst- Reference Teft1P8rature Pressure 
(Kelvtn) Range 

(bars) kt� 1 '" .. ,,, ft.> 

Methane [1•] 344.26 10-103 -0.0492 -0.0848 -0.0178 0.0139 
n-Butene

Methane - [ 14) 344.26 1-120 0.0&91 -0.6300 -0.0824 0.0440 
n-Decane

n-Butane - [ 1<1) 34".26 1-9 0.0846 0.0195 -0.0261 0.0100 
n-Decane

CarbOn 01ox1cte- [ 1<1] 344.26 11-66 0.0087 -0.0957 0.0008 o. 1351
n-Butane

CarbOn Otoxtde- (15) 344.26 13-128 0.2054 -0.0650 -0.0792 0.1075 
n-Decane
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COMPONENT 1 

CompoaitionII 
. Pith 

•. - CrillCII Point 

_.,, 
Reservoir . · · • / 

Oil /4 ..... Critical TiI LinI 

COMPONENT 3 COMPONENT 2 

,. ..•

141,1 

, .... T• 1414',HK 

LEGEND 
, .... • Experim1nt1I Dttl

! 
PR (Eg.4') + E91. 13•18

.••• f.l\ .l'!l:'l .t. 'R.'�'= !! . 
.... 

.... 

•••• 

IO,O 

o.o+--------------------,.--1
•.• o., 0,1 ,.. U •• , ••• o., o., •.• I.O 

X(1), Y(1) 

···-�------------------..

. , ..�
... ..

..... 

••••• 
T• 144.18K 

LEGEND 
• Experimentel D1t1 

_ PR (Eg.4') + Ega.13•18 
.••• P.ILl,Mtt.,R.•�t:J!. 

••• ••• • •• 
X(1), Y(1) 

T• 111,11 K 

P• 71,H IARI 
Methane (10CM) 

,,o an• 100,. 

.., •.. . .. 

lth11ne 100,. 
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T • 144,11 K 

P • 101,14 IAIIII 

n•D1oan1 (10%) 

T• 144,11 K 

P • 101.H IAFII 

n•D1oan1 (110%) 

Methane (100..) 
LEGEND 

• E11p1rlm1ntal Data 
PR IEg.401 + Egt.9•] 

, ... f.�. JMLt.,11.•�9:l!. 

n-8ut1n1 (10%)

Methane (100..) 
LEGEND 

• E11p11lm1nt11 0111 
PR lEg.40) + E91.9•11 

.... f!! .JM1.t.f9..11!:l!. 

n•lutan, (10") 

T • 144,11 K 

P • 101,41 IAFII 

n-D1O1n1 (10%) 

T• 144,11 K 

P • 10l,41 IAFII 

n•D1oan1 (10") 

011'11011 Dloaldt (100") 
LEGEND 

• Elcp1rlm1ntel D1t1__ea,IEg.41 + Egt.13•18
_P.!!JI�. ±.b!J.!!)!
. •. f!!.lfMl .t .f P.•1!:l! ...

n-lutan, (10%) 

0al'bon Dlo.tdl (100..) 
LEGEND 

• E11p1rlm1ntll Data 
PR I Eg.� + Egp.1f• 1f

... f!\. J�f .t .fR•19:!l 

n•lut1n1 (10%) 
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