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Abstract

The thermodynamic properties of organic mixtures is a really important aspect for the development of
the new thermodynamic cycles. However, mixtures are not all yet well known and a model that could give
a good approximation of the properties in a fast way could help.

The cubic equations of states provide a simple way requiring minimal information to approximate the
state of a fluid. This provide an interesting tool with enough flexibility to improve the accuracy as more
experimental data become available. The results for vapour-liquid equilibrium of mixtures are particularly
good.
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1. Introduction

The improvements in thermodynamic cycles relies on the possibility to chose the most suitable fluid and
to model it accurately.

Thermodynamic libraries likes RefProp, FluidProp and CoolProp provides efficient models for sufficiently
well known fluids (mainly through Helmholtz equation of state or interpolation from experimental data).
However, there are still a lack of data for less studied fluids, particularly mixtures, which usually need exper-
imental data to evaluate the interaction parameters required for the models. These interaction parameter
are often approximated or not used at all.

Accurate models like the Helmholtz equations of state (HEOS) usually require a consequent number
of experimental data, whereas the cubic equations of state are simpler model that can already gives good
results with very few experimental data (critical pressure and temperature pcrit, Tcrit and acentric factor ω).
Being simpler models, they also have the benefit from being faster. Of course these advantages comes at the
cost of a lower accuracy. These cubic models can be enhanced by some parameters (approximated or fitted
to experimental data) to increase their accuracy.

The cubic equations of state, are thus a good candidate to have a fast model to approximate the behaviour
of non yet well studied fluids. This is extremely helpful in the research field where this allows to quickly
evaluate a lot of potentials fluids and select the one worthy of interest before running expensive experimental
setup to evaluate more accurately their behaviour.

The scope of this work is to evaluate what can be expected from these Cubic equations of state. A focus
will be set on organic mixtures relevant for refrigeration and heat pump applications. The implementation
a simple volume translation model has also been proceed and is explained in this report.
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2. State of the art

2.1. Cubic Equations of State
The thermodynamic state of a fluid can be defined by two independent state variables. An equations

of state (EOS) is a relation between state variables, generally aiming to compute a third variable from two
other known ones.

Cubic equations of state have of cubic that they can be expressed as a cubic equation of the molar
volume v.

The first cubic equation of state was the so called Van der Waals equation of state and of the form:(
p +

a
v2

)
(v − b) = RT (1)

With the a and b parameters depending on the critical pressure and critical molar volume.
This equation 1 is linking the pressure p, the molar volume v and the temperature T . Theses kind of

equations are generally referred as PVTEOS and have the advantage to provide both the liquid and vapour
phases with a single equation (Frey et al., 2007).

With time, some improvements have been added to improve the quality of the approximation in both
the general formula and in the way to compute the attraction parameter a and the repulsion parameter (or
effective molecular volume) b.
The attractive parameter is often separated in a constant part ac multiplied by a temperature dependant
one α(TR, ω) such as a = acα(TR, ω).

The most common equations of state used in process simulation are mainly based on the Soave-Redlich-
Kwong and Peng-Robinson EOS (Frey et al., 2007).

2.1.1. Soave-Redlich-Kwong
The Soave-Redlich-Kwong (SRK) is an improved Redlich-Kwong equation of state and has the original

form (Soave, 1972):

p =
RT

v − b
−

acα(TR, ω)

v(v + b)
(2)

With the parameters:

ac = 0.42747

(
R2T2

c

Pc

)
b = 0.08664

(RTc

Pc

)
α(TR, ω) =

[
1 + m(ω)

(
1−

√
TR

)]2
m(ω) = 0.480 + 1.574ω − 0.176ω2

(3)

2.1.2. Peng-Robinson
The Peng-Robinson (PR) equation is a modification of the SRK that allows better molar volume for

liquids and better representation of liquid-vapour equilibrium for many mixtures (Valderrama, 2003). How-
ever, when considering the entire family of EOS derived from the SRK and PR, neither has a clear advantage
in the accuracy of it’s property predictions (Frey et al., 2007). It has the original form (Peng and Robinson,
1976):

p =
RT

v − b
−

acα(TR, ω)

v(v + b) + b(v − b)
(4)
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With the parameters:

ac = 0.45724

(
R2T2

c

Pc

)
b = 0.07780

(RTc

Pc

)
α(TR, ω) =

[
1 + m(ω)

(
1−

√
TR

)]2
m(ω) = 0.37464 + 1.54226ω − 0.26992ω2

(5)

2.1.3. Volume translation
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Figure 1: Isobar curves and saturation curve (dashed) on temperature/volume plot, comparison of SRK with REFPROP, fluid
R407C

A correction to the molar volume of the form vc = v + c can be applied to the cubic equations of state.
This correction is particularly interesting for mixtures as the molar volume of the pure fluid is different from
the molar volume of the mixture.

The need for such correction can be seen in the Figure 1. A constant translation would correct most of
the error on the liquid side, while having nearly no impact on the gaseous phase (the volume being order of
magnitude higher).

Densities are usually known from experiments for the majority of pure fluids (an similarly for known
mixtures) and tabulated in databases. Molar mass is constant for a given material and also generally known
for pure fluids. So when molar volume is not directly known, density and molar mass are generally available
to compute it.
It is common to use the molar volume at the reduce temperature Tr = 0.7 to compute the translation
parameter (Schmid and Gmehling, 2012):

c = (vEOS − vexp)
∣∣∣
Tr=0.7

(6)

This constant volume translation can significantly improve the results for the saturated liquid densities
in the low temperature range (Tr < 0.8), but fail near the critical temperature (Ahlers and Gmehling, 2001).
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A solution to this can be to have a temperature dependant volume correction. Ji and Lempe (1997) suggest
a dependency of the form:

c = (vEOS − vexp)
∣∣∣
T=Tc

0.35

0.35 + η
∣∣∣α(TR, ω) − TR

∣∣∣γ (7)

Where α(TR, ω) is the same as in the one of the cubic equation of choice, and η and γ are obtained by
matching experimental data. For SRK, Ji and Lempe (1997) propose the general formulation:

η = 23.010e−38.267
(
1
3−zc

)
+ 0.950

γ = 15.458e−57.684
(
1
3−zc

)
+ 0.635

(8)

With zc being the compressibility factor at the critical point.
A volume translated Peng-Robinson (VTPR) would be written (Schmid and Gmehling, 2012):

p =
RT

v + c − b
−

acα(TR, ω)

(v + c)(v + c + b) + b(v + c − b)
(9)

2.1.4. VTPR
Despite its name, the VTPR model is more than just a Volume Translated Peng-Robinson. It generally

refers to a combination of the UNIFAQ group contribution mixture and a volume translation (Schmid and
Gmehling, 2012; Schmid et al., 2014).

The equations of the model are developed in the Figure 2

Figure 2: Diagram of the VTPR equations. From source Schmid and Gmehling (2012)

The group contribution model discompose the different functional groups of the organic molecules and set
interaction parameters between each of them. This gives a very interesting way to evaluate the interaction
any mixture will have without the need to specifically test this mixture. This however has the cost to require
to evaluate the interaction between all the functional groups and gives a slower model to solve.

This model is currently in development for CoolProp (VTPR).
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Table 1: Mixing and combining rules in two-constant cubic EOS (Valderrama, 2003; Chen and Liu, 2007; Wong and Sandler,
1992)

Van der Waals a =
∑

i

∑
j

xi x jai j; ai j =
√

aia j b =
∑

i

∑
j

xi x jbi j; bi j =
bi + b j

2

One parameter ai j =
√

aia j (1 − ki j) bi j =
bi + b j

2

two parameters ai j =
√

aia j (1 − ki j) bi j =
bi + b j

2
(1 − Ii j)

Panagiotopoulos-Reid (PR)

two parameters ai j =
√

aia j [1 − ki j + (ki j − k ji xi)] bi j =
bi + b j

2

three parameters ai j =
√

aia j [1 − ki j + (ki j − k ji xi)] bi j =
bi + b j

2
(1 − Ii j)

General nonquadratic (GNQ)

two parameters ai j =
√

aia j (1 − ki j) ; ki j = δi xi + δ j x j bi j =
bi + b j

2

four parameters ai j =
√

aia j (1 − ki j) ; ki j = δi xi + δ j x j bi j =
bi (1 − βi) + b j (1 − β j)

2

Kurihara et al. (KTK)

three parameters a =
∑

i

∑
j

xi x j
√

aia j −
(τ − φ) gE

RES

ln
(

b−φ
b−τ

)
]

b =
∑

i

∑
j

xi x jbi j; bi j =
bi + b j

2

gE
RES = RT x1x2

[
η1 + η2 (x1 − x2) + η3 (x1 − x2)

2
]

Huron-Vidal a = b

∑
i

xi
ai

bi
+

gE(x)
C∗

 b =
∑

i

∑
j

xi x jbi j; bi j =
bi + b j

2

Wong-Sandler a = b

∑
i

xi
ai

bi
− AE

∞(x)

 b =

∑
i
∑

j xi x j

(
b − a

RT

)
i j

1 −
∑

i xi
ai
bi
−AE
∞(x)

RT

one parameters V1
(
b −

a
RT

)
i j
=

(
bi −

ai
RT

)
+

(
b j −

a j
RT

)
2

(1 − ki j)

one parameters V2
(
b −

a
RT

)
i j
=

bi + b j

2
−

√aia j (1 − ki j)

RT

three parameters
(
b −

a
RT

)
i j
=

bi(1 − li) + b j

2
−

√aia j (1 − ki j)

RT
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2.2. Mixing rules
A summary of the most common mixing rules for two constants EOS can be found in the Table 1.
It worth noting that it is possible to simplify the b constant in the basic Van der Waals mixing rule:

b =
∑

i
∑

j xix jbi j

=
∑

i
∑

j xix j
bi+b j

2

=
∑

i
∑

j xix j
bi
2 +

∑
i
∑

j xix j
b j

2

= 2
(∑

i
∑

j xix j
bi
2

)
=

∑
i
∑

j xix jbi

=
∑

i(
∑

j x j)xibi

=
∑

i xibi

(10)

2.3. Software
2.3.1. RefProp

RefProp is a commercial software developed by NIST (Lemmon et al., 2013).
It has different models such as Helmholtz equations of state and translated Peng-Robinson equation

(PRT).
This software is used as a reference value to compare the accuracy of the different models.

2.3.2. CoolProp
CoolProp is an open-source software CoolProp (2016).
It has different models such as the Helmholtz equations of state, IF97, Incompressible models, and

different cubic equations of states.
The Soave-Redlich-Kwong (SRK) and Peng-Robinson (PR) models are used with the general form:

p =
RT

v − b
+

a(T )
(v +∆1b)(v +∆2b)

(11)

For SRK, ∆1 = 0; ∆2 = 1.
For PR, ∆ = 1 ±

√
2.

This allows to have a single implementation to cover both cases.
This equation is used to define the residual non-dimensional Helmholtz energy and its derivatives as

explained in (?).
The residual non-dimensional Helmholtz energy and its derivatives are afterwards used to compute the

other thermodynamic properties.
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3. Volume translation implementation

In this work, the volume translation is considered as a constant value c.
The cubic equations of states for Soave-Redlich-Kwong and Peng-Robinson are implemented in Cool-

Prop in the general form seen in equation 11.
The volume translation can be added in this general form as:

p =
RT

v + c − b
+

a(T )
(v + c +∆1b)(v + c +∆2b)

(12)

3.1. Solving the cubic equation
The cubic equation is solved in the function rho_Tp_cubic who uses the temperature and pressure to

solves the cubic and give back the density solution(s).
The equation 12 is thus rewritten in term of density:

p =
RT

1
ρ
+ c − b

+
a(T )(

1
ρ
+ c +∆1b

) (
1
ρ
+ c +∆2b

) (13)

This equation can be simplified by introducing:

d1 = c − b (14)
d2 = c +∆1b (15)
d3 = c +∆2b (16)

p =
RTρ

1 + d1ρ
+

a(T )ρ2

(1 + d2ρ) (1 + d3ρ)
(17)

Then expresses as a polynomial of the density ρ:

0 = −p (18)
+ ρ (RT − p (d1 + d2 + d3)) (19)
+ ρ2 (RT (d2 + d3) − p(d1d2 + d1d3 + d2d3) − a(T )) (20)
+ ρ3(RTd2d3 − pd1d2d3 − d1a(T )) (21)

The coefficients of this 3rd order polynomial are then sent to an analytic cubic equation solver to give
the one to 3 solutions for density.

3.2. Preparing for the other thermodynamic properties
To compute the other values, CoolProp uses the residual non-dimensional Helmholtz energy and it’s

derivatives. First the equation 13 is reformulated as a function of the non dimensional density δ = ρ
ρr

and
reciprocal reduced temperature τ = Tr

T . Further explanation on the choice of the reducing parameters ρr

and Tr are available in (?).
This leads to:

p =
Tr

τ

R
1
δρr

+ c − b
+

a(τ)(
1
δρr

+ c +∆1b
) (

1
δρr

+ c +∆2b
) (22)

or

p =
Tr

τ

δρrr
1 + (c − b)δρr

+
δ2ρ2r a(τ)

(1 + (c +∆1b)δρr) (1 + (c +∆2b)δρr)
(23)
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The derivative with respect to δ of the residual non-dimensional Helmholtz energy is given by (?):(
∂αr

∂δ

)
τ

=
pτ

δ2ρrRTr
−
1

δ
(24)

Inserting equation 23 into equation 24 leads to:(
∂αr

∂δ

)
τ

=
(b − c)ρr

1 − (b − c)δρr
−
τa(τ)
RTr

ρr

(1 + (b∆1 + c)δρr) (1 + (b∆2 + c)δρr)
(25)

The value of the residual non-dimensional Helmholtz energy can be obtained by integrating this equa-
tion 25. The result can be decomposed to the form:

αr = ψ(−) −
τa(τ)
RTr

ψ(+) (26)

With the two integrals:

ψ(−) =

∫ δ

0

(b − c)ρr

1 − (b − c)δρr
dδ (27)

= − ln (1 − (b − c)δρr) (28)

ψ(+) =

∫ δ

0

ρr

(1 + (b∆1 + c)δρr) (1 + (b∆2 + c)δρr)
dδ (29)

=

ln
(
1 + (b∆1 + c)δρr

1 + (b∆2 + c)δρr

)
b(∆1 −∆2)

(30)

∆1 −∆2 , 0 is required but satisfied for PR and SRK.
Several derivatives with respect to τ and δ at constant composition are required in CoolProp. Some of

them are not impacted by the volume translation and can be found in (?) and the one affected are developed
in the supplementary material.
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4. Comparison

To evaluate the accuracy of the cubic equation of state models is done by comparing with recognised
thermodynamic software and experimental data. All the fluids studies here are already quite well studied
fluids, this will allows to compare the models with a known reference. This gives an overview of what can
be expected for fluids that have not been yet studied enough to have an accurate state model.

Only a small portion of the studied fluids are displayed here. You will find many other graphics in the
supplementary material.

4.1. Pure fluid
A large data set of experimental data has been collected by NIST for pure fluid who gracefully allowed

its use for this work.
The part in use here are temperature-pressure-density data and temperature-quality-density data. The

experimental density is compared to the one computed from the different equations of state by the pressure
and temperature input or temperature-quality input. The density deviation is defined by:

Eρ =
‖ρdata − ρcalc‖

ρdata
(31)

In order to enhance data displaying, any deviation bigger than 100% has been caped to 100%. This
approximation was considered reasonable as a magnitude of 100% deviation is already not acceptable.

The box plot (as in Figure 3) indicate the repartition of the deviation values. The lower bar represent
the minimal deviation value, the first bar of the rectangle represent the first quartile, the middle bar the
median, the upper bar of the rectangle the third quartile and the upper bar the maximal value.

This allows to know that, for instance in Figure 3, for fluid R134A, 75% of the data for RefProp and
HEOS are under 0.2% of deviation to the experimental data and half of the data under 0.04% of deviation.

In order to have a general overview of where the differences occurs, isobars in temperature volume plot
have also been done. These plots however do not include the experimental data.
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Figure 3: Relative density deviation to experimental data for fluid R134A
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Figure 4: Density dependence on the temperature and pressure for fluid R134A
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For a lot of pure fluids, it can be observed as in Figures 3 and 4 that RefProp and the HEOS model of
CoolProp gives very similar results. It however happens that the model differs slightly as can be observed
in the Figure 5 and 6.

The maximal deviation with fluid R134A tops at least 100% (Figures 3) for all EOS, but it can be
observed in Figure 4 that this is the case for only one point at a bit more than 400 K and 15 MPa. This is
probably an invalid data point. If we exclude this outlier, the deviations for fluid R134A are under 3% for
all HEOS.
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Figure 5: Relative density deviation to experimental data for fluid R41

For these pure fluid density comparison, the Cubic models give significantly worst deviations compared
to the Helmholtz equations of state.

When looking at the isobars (Figure 7), it can be seen that a big part of the difference between the
HEOS and the cubics looks like a translation in volume in the liquid phase.

A volume translation parameter has been computed by making the difference between the volume of the
respective cubic and RefProp at a reduced temperature of 0.7Tcrit. This introduce RefProp’s own error,
but correct most of the translation error.

We can see in the Figures 3, 4, 5 and 6 that the effect is generally positive, reducing significantly the
deviation. This effect depends of course on the actual translation which is not the same for al fluid and also
depend on the cubic equation in use (PR or SRK).

The specific effect of this translation can be seen on the Figures 8 and 9.
The constant translation parameter correct a big part of the volume translation issue, but do not correct

it entirely. Near critical values still have a significant deviation (see Figures 8 and 9). A more complex
temperature dependant parameter could potentially improve the behaviour in that area.

For some fluids, the Peng-Robinson model gives better results than the Soave-Redlich-Kwong (as can
be seen for R134A 3 and R41 5), but this is not always the case. Carbon monoxide for instance is better
represented by the SRK model than PR as can be seen in Figure 10 and 11, but the PR becomes more
accurate with volume translation. Some others, like the MethylPalmitate have quite good volume translated
SRK (12 and 11).
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Figure 6: Density dependence on the temperature and pressure for fluid R41
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Figure 7: Isobar curves and saturation curve (dashed) on temperature/volume plot, fluid R134A
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Figure 9: Isobar curves and saturation curve (dashed) on temperature/volume plot, comparison of SRK with REFPROP, fluid
R134A
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Figure 10: Relative density deviation to experimental data for fluid Carbon Monoxide
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Figure 11: Density dependence on the temperature and pressure for fluid Carbon Monoxide
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Figure 12: Relative density deviation to experimental data for fluid MethylPalmitate

It can also be noted that sometimes some EOS do not gives results when other ones gives, or gives
unacceptable deviations (≥ 100%) where others gives more reasonable results as for the fluid n-Dodecane
(14 and 15).

In a general manner, the relative deviations do not seem to be much affected by the temperature nor the
pressure value 4, 6, 11, 13 and 15. This means that the absolute deviation (the deviation in Pa or K) will
increase proportionally with the pressure and the temperature.
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Figure 13: Density dependence on the temperature and pressure for fluid MethylPalmitate
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Figure 14: Relative density deviation to experimental data for fluid n-Dodecane
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Figure 15: Density dependence on the temperature and pressure for fluid n-Dodecane
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4.2. Binary mixtures
An other data set of experimental data has been collected by NIST for mixtures, but only containing

vapour-liquid equilibrium (VLE) data.
These data consist of the molar fraction of each component and the temperature and pressure. The

molar fraction at a given temperature and pressure are specified to be either liquid or gaseous, which allows
to define the quality (0 or 1).

Two values where computed thanks to the state models: the temperature from the pressure and the
quality, and the pressure from the temperature and quality. The deviation between the computed values
and the experimental data where then computed as following:

ET =
‖Tdata − Tcalc‖

Tdata
(32)

Ep =
‖pdata − pcalc‖

pdata
(33)

The effect of the volume translation has not been evaluated here, as no density/volume data where
provided.

As these are mixtures, there is the possibility to use an interaction parameter. The one currently
implemented in CoolProp is the Van der Waals mixing rules with one parameter ki j. For this work, the
interaction parameter was fitted to minimize the deviation to experimental data with Brent’s method. The
error to minimise was expressed as follow:

Ē =
∑∣∣∣ET + 0.1Ep

∣∣∣ (34)

were ET and Ep are from equations 32 and 33.
The difference of results between pure temperature or pure pressure errors where not significant. The

pressure term has been weighted by 0.1 as it’s magnitude was around 10 times bigger than the deviation in
term of temperature.

With the mixture, the differences between RefProp and CoolProp’s HEOS are a bit more marked as can
be seen in Figure 16. Depending on the fluid, RefProp can be better than CoolProp’s HEOS, especially
when it comes to near critical data where the later tend to gives very wrong values (see Figure 18), but the
Figure 19 is a good example where CoolProp’s HEOS is far better.

On the cubic’s side, the results for the liquid-vapour equilibrium seems extremely good and comparable
with RefProp and CoolProp’s HEOS. It is interesting to notice that the volume translation problem occurring
with density and volume value do not seem to be a weight for these VLE data.

A very important thing to notice with the mixture R1234YF-R134A is the influence of the molar fraction
on the deviation (Figure 20). RefProp and the two cubics (without the binary interaction parameter ki j)
have a deviation that considerable increases (around 10 times bigger) when mixing the two fluid compared
to the pure fluids, with a maximum around equimolar composition. This is the kind of behaviour that is
expected when using two sufficiently different fluids, the way they interact together is different to the way
they interact with themselves.

This effect is reduced with the interaction model, and it appears that CoolProp’s HEOS have a good
interaction model for this mixture. This is also corrected for the cubic by the ki j interaction parameter.
This explains the better behaviour of CoolProp’s HEOS and the cubics with interaction parameter for this
particular mixture.

Other mixtures like R134A-R32 are more similar and don’t benefit that much from a better mixing rule
(Figure 17). This lead to more homogeneous deviations between the EOS.

Again, the variation of temperature and pressure on the relative deviation seems minimal except when
approaching to the critical point.

The temperature deviations are significantly smaller than the pressure deviations for all EOS.
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Figure 16: Relative deviation to experimental saturation data for mixtures based on R125 and R134A

23



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
10−4

10−3

10−2

10−1

100

Molar fraction of R134A [−]

Te
m

pe
ra

tu
re

de
vi

at
io

n
[%

]

REFPROP
HEOS

PR
SRK

PR ki j
SRK ki j

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
10−3

10−2

10−1

100

101

Molar fraction of R134A [−]

Pr
es

su
re

de
vi

at
io

n
[%

]

REFPROP
HEOS

PR
SRK

PR ki j
SRK ki j

Figure 17: Dependence on the molar fraction for the binary mixture R134A-R32
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Figure 18: Dependence on the temperature and pressure for the binary mixture R134A-R32
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Figure 19: Relative deviation to experimental saturation data for mixtures based on R1234YF and R134A
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Figure 20: Dependence on the molar fraction for the binary mixture R1234YF-R134A
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Figure 21: Dependence on the temperature and pressure for the binary mixture R1234YF-R134A
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4.3. Ternary mixtures
The ternary mixtures are from the same data set as the binaries. The binary interaction parameters ki j

where fitted with the binary mixture and reused here.
The results for the ternary mixtures are similar to the ones from the binaries.
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Figure 22: Relative deviation to experimental saturation data for mixtures based on R125, R32 and R134A
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Figure 23: Dependence on the temperature and pressure for the ternary mixture R125-R32-R134A
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6. Conclusions

The simple cubic equations of state do not always gives satisfying results to compute density. This can
however be mostly corrected with a simple translation coefficient requiring a single measurement of saturated
liquid, and more complex translation models could potentially give more accurate results.

The cubic equations of states are very effective at modelling the liquid vapour equilibrium, competing
with well recognise software.

Depending on the interaction between the fluid constituting the mixtures, all models benefit from binary
interaction knowledge. This is sometimes integrated in the software, but would generally be an issue with
not yet well studied mixtures. A simple coefficient (to be determined experimentally or approximated) can
be used to improve greatly the results of cubic equations when the interaction between the fluids is signif-
icant. An alternative would be to approximate the interaction with the UNIFAQ model as it is done with
the VTPR. Determination of models to approximate the binary interaction parameters depending on the
type of fluid used would be an interesting subject for complementary study.

More complex models can be used for the attractive parameter like the Mathias-Copeman and the TWU
equations. They both require 3 supplementary parameters and are already implemented in CoolProp. Their
impact could be interesting for a further study.

The speed of the models are not compared in this work. The comparison would be interesting, but
it is useful to notice CoolProp also provide a tabular interface which allows for extremely fast properties
computation when the tables have been generated (with a small loss of accuracy).

The cubic equations of states gives a wide range of possibilities from the simplest and fast model but
slightly lacking accuracy to more complex and accurate models. They provide a great tool for evaluation of
fluids when few data are available.
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