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Table 1 Critical properties, acentric factor, and reference data of the investigated fluids

T(K) p(MPa) pokmol m™) w SR

e 190.56 4.5992 10.139 0.01142 [40]
LK 305.32 4.8722 6.8569 0.09950 [41]
e 369.89 42512 5.0000 0.1521 [42]
E T 425.13 3.7960 3.9228 0.2010 [43]
1E e 469.70 3.3675 3.2100 0.2510 [44]
ECkE 507.82 3.0441 2.7060 0.3000 [44]
AUk 304.13 73773 10.625 0.2239 [19]

F2 RA-SMBERBHBEERVISRKRE TR SHGI

Table 2 Parameter Gi of the crossover VTSRK equations of state using 2nd to 8th order crossover function

10°Gi 2By kJiy 4k By 6B 7B 8B
Sk 2.6180 6.1072 10.456 10.735 10.580 8.3111 8.2497
x5 2.4789 7.5921 10.858 8.1321 5.9610 5.8444 5.6695
Pk 2.5820 7.1994 7.9004 7.1759 5.4414 3.8978 3.8043
ETHE 2.8266 7.7036 6.8108 5.0777 3.6638 3.6179 3.5872
TE ke 2.7903 6.3900 2.7494 3.2617 3.2391 2.7453 2.7509
Skt 3.3134 43721 3.0480 3.0772 3.0968 2.6434 2.8064
&b 2.7639 7.6567 5.5509 52728 4.0269 2.9543 3.9032
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Table 3 AARDs of p,, p', and p"” calculated with the crossover VISRK equations of state using 2nd to 8th order crossover functions, and the SRK

and VTSRK equations of state from the reference data

B VTSRK
28 3k 4 5By 6 gliix 8B SRE VISRE
Psat
F e 1.0 0.93 0.84 0.90 0.96 0.99 1.0 1.1 1.1
ZHE 0.82 0.76 0.70 0.74 0.78 0.90 0.92 0.93 0.93
W 0.75 0.62 0.64 0.60 0.76 0.79 0.79 0.78 0.78
ETHe 0.88 0.80 0.73 0.92 0.97 0.94 0.97 1.0 1.0
IESGHRE 0.76 0.73 0.84 0.96 0.95 2.0 2.1 0.93 0.93
ECkE 0.76 0.79 0.96 1.1 1.0 2.1 2.1 1.1 1.1
AR 0.48 0.41 0.43 0.48 0.56 0.56 0.57 0.53 0.53
A 0.78 0.72 0.73 0.81 0.85 12 1.2 0.91 0.91
o
F e 2.3 1.4 0.84 0.86 1.2 2.1 2.3 6.1 5.2
Y5 2.4 1.4 0.80 1.8 2.8 3.1 3.3 8.9 5.5
W 2.4 1.4 1.5 22 3.2 3.9 4.0 10 5.8
IETHE 24 1.4 2.1 33 4.1 43 4.4 12 6.1
EE 2.4 1.6 42 43 4.6 5.3 5.4 14 6.6
EEkE 22 2.5 42 4.6 438 5.5 5.5 15 6.8
AR 1.9 0.84 3.0 3.9 4.8 5.5 52 13 73
Iy 2.3 1.5 2.4 3.0 3.6 42 43 11 6.2
o
e 1.3 1.1 1.0 1.1 0.93 1.1 1.1 1.4 1.5
Lk 1.1 0.91 0.78 0.67 0.82 0.92 1.1 1.2 1.2
e 0.98 0.80 0.65 0.59 0.76 1.0 0.95 1.0 1.1
1IETHE 1.1 0.91 0.75 0.88 1.1 1.2 1.2 1.2 1.2
E b 1.0 0.78 0.95 1.0 1.1 32 3.3 1.1 1.1
ekt 1.3 0.99 0.99 1.0 1.1 3.1 3.1 1.4 12
bR 1.4 1.4 0.87 0.87 0.80 0.88 0.86 1.6 12
S 12 0.98 0.86 0.87 0.94 1.6 1.7 1.3 12

%(average absolute relative deviation, AARD). &H4%
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Figure 1 Saturation curve and 0.87,, 0.97,, and 1.17, isotherms of
carbon dioxide on the p-p diagram calculated with the crossover VTSRK
(using the 3rd order crossover function), SRK, and VTSRK equations of
state
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Figure 2 The 2nd to 8th order crossover functions of the crossover
VTSRK equations of state for carbon dioxide as a function of
temperature and density (a) and parameter ¢ (b)
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8th order crossover functions
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Figure 4 Paths for the determination of the critical exponents on the 7-
p diagram
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Table 4 Critical exponents determined by the crossover and classical equations of state, and their deviations from the theoretical values
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The critical point of a pure fluid is the end point of the vapor-liquid coexistence curve, at which both the temperature and
the pressure are highest. At the critical point, the vapor and liquid phases become indistinguishable; thermodynamic
properties present asymptotic singularity and scaling laws, that is, they strictly diverge according to the asymptotic
exponential behavior. The equation of state (EoS) is a powerful tool for modelling fluid thermodynamic properties in
various aspects of engineering. Classical EoSs, such as the cubic EoSs, can accurately represent thermodynamic properties
in wide ranges of temperature and density, but fail to reproduce the critical behavior. The renormalization group theory
provides an exact description of the critical behavior but is not applicable except for in the vicinity of the critical point. The
crossover method connects the renormalization group theory at the critical point with the classical thermodynamic property
models that are applicable far away from the critical point in a semi-theoretical manner. This work presents a crossover
volume translation (VT) Soave-Redlich-Kwong (SRK) EoS based on the Kiselev crossover method and features a
systematic investigation of the effect of the order of the crossover function on the performance of thermodynamic property
modelling. The procedure is demonstrated on 7 typical nonpolar fluids (methane, ethane, propane, n-butane, n-pentane, n-
hexane, and carbon dioxide). The crossover function dictates the convergence behavior of the crossover EoS when the
system is restored from critical singularity to classical rules. The vapor pressure, saturated liquid density, and saturated
vapor density are calculated with the crossover VTSRK EoSs using 2nd to 8th order crossover functions, and the results are
compared with the reference data. The effect of the order of the crossover functions on the accuracy of thermodynamic
property calculations and on the convergence behavior of the crossover EoSs from critical singularity to classical behavior
as the system departs from the critical point are investigated. This work finds that in general, the crossover VTSRK EoS
using the 3rd order crossover function presents the best accuracy among the crossover VITSRK EoSs. Regardless of the
order of the crossover function, the crossover VISRK EoS is more accurate than the SRK and VTSRK EoSs. Because of
the characteristics of the fluids and the classical EoSs, the crossover EoSs that use overly high-order crossover functions
present lower accuracy than those that use crossover functions of appropriate orders, especially for the saturated liquid
density. This work proposes that, to achieve high accuracy both within and beyond the near-critical region with the smallest
number of adjustable parameters, future work on the crossover EoSs should investigate and determine the order of the
crossover function according to the characteristics of both the fluids and the classical EoSs. With only 1 adjustable
parameter, the present model accurately represents thermodynamic properties both within and beyond the near-critical
region. Average absolute relative deviation between the results calculated by the crossover VISRK EoS using the 3rd order
crossover function and the reference data is 0.72% for the vapor pressure, 1.5% for the saturated liquid density, and 0.98%
for the saturated vapor density. Furthermore, the crossover VISRK EoS correctly reproduces the theoretical critical
exponents that are determined by the renormalization group theory. In contrast, the classical SRK EoS presents values
determined by the mean-field theory, which deviate largely from the correct critical exponent values.
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