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Abstract In this study, we compared with results simulated by EOS(Equation of State) using Peng-Robinson
model and GERG-2004 model for estimating vapor pressure, latent heat of vaporation, liquid density, and
binary isotherm vapor-liquid equilibrium on pure components composing natural gases. We obtained the simulated
results that while EOS using GERG-2004 model is more accurate than EOS using Peng-Robinson model for
estimating liquid density, but rather it is less accurate for estimating binary isotherm vapor-liquid equilibrium.
On the other hand, the use of Costald model in EOS using Peng-Robinson model for increasing more accuracy
to calculate liquid density is almost same as EOS using GERG-2004 model within the error of 1 % compared
with experimental data. Also, we confirmed that on the estimation of binary isotherm vapor-liquid equilibrium,
EOS using GERG-2004 model is more accurate than EOS using Peng-Robinson model, but they are almost
same.
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V)V =V 1-wg,, VY 8
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[Table 4] Coefficients in a new alpha function in
equation (7).
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Component 01 C2 03
1. N; 0.5764 0.9093 0.6765
2. CO, 0.2047 0.8197 1.0000
3. CH,4 0.1195 0.904 1.0000
4. CHg 0.2091 0.8681 1.6875
5. C3Hg 0.2153 0.8498 1.8108
6. nC4Hio 0.1626 0.8568 2.4165
7. iC4Ho 0.6712 0.8859 0.8903
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[Table 5] Coefficients in Vapor Pressure Correlation

Coefficient CO; CH;s; CH¢ CsHg iCsHyo nCiHjo
C 140.540 39.205 51.857 59.078 100.18 66.343
C -4735.0 -1324.4 -2598.7 -3492.6 -4841.9 -4363.2
Cs -21.268 -3.437 -5.128 -6.067 -13.541 -7.046
Cs 0.041 0.000 0.000 0.000 0.020 0.000
Cs 1 2 2 2 1 2

T(K) Low 216.58 90.69 90.35 8547 113.54 134.86

T(K) High 30421 190.56 305.32 369.83 408.14 425.12
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[Fig. 1] Comparative Plot on Vapor Pressure Estimation

for Carbon Dioxide at temperature ranges from
216K to 284K Between GERG-2004 Model and
Peng- Robinson Equation of State
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[Fig. 2] Comparative Plot on Vapor Pressure Estimation
for Methane at temperature ranges from 90K to
190K  Between GERG-2004 Model and
Peng-Robinson Equation of State
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[Fig. 3] Comparative Plot on Vapor Pressure Estimation
for ethane at temperature ranges from 90K to

304K Between GERG-2004 Model and
Peng-Robinson Equation of State
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[Fig. 4] Comparative Plot on Vapor Pressure Estimation
for Propane at temperature ranges from 117.4K
to 358.0K Between GERG-2004 Model and
Peng-Robinson Equation of State
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[Fig. 5] Comparative Plot on Vapor Pressure Estimation

for i-butane at temperature ranges from 146.5K

to 407.5K Between GERG-2004 Model and

Peng-Robinson Equation of State
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6] Comparative Plot on Vapor Pressure Estimation
for n-butane at temperature ranges from 161.9K
to 4429K Between GERG-2004 Model and
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[Table 6] Comparison of AAD (%) between GERG-2004
and Peng-Robinson Equation of State Model
for Vapor Pressure Estimation

AAD (%)
Components
GERG-2004 PR
CO, 0.210 % 0.590 %
CH,4 0.079 % 0242 %
C,Hs 0.238 % 0.801 %
CsHs 0.293 % 0911 %
iC4Hio 1.501 % 2.010 %
nC4Hio 0.498 % 0.859 %
Average 0.470 % 0.902 %
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[Table 7] Coefficients in Heat of Vaporization Correlation

Coefficient COz CH4 C2H5 C3Hs iC4H10 HC4H10

A 15.326 10312 21.342 26.89 33.02 31.954

Tc 304.19 190.58 305.42 369.82 425.18 408.14

n 0227 0.265 0403 0.365 0.377 0.392

T(K) Low 216.58 90.67 90.35 85.44 134.86 113.54

T(K) High 300.58 186.67 297.35 361.44 422.86 401.04
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[Fig. 7] Comparative Plot on Heat of Vaporization
Estimation for carbon Dioxide at temperature
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GERG-2004 Model and Peng-Robinson Equation
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[Fig. 8] Comparative Plot on Heat of Vaporization
Estimation for methane at temperature ranges
from 90.7K to 186.7K Between GERG-2004
Model and Peng-Robinson Equation of State
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[Fig. 9] Comparative Plot on Heat of Vaporization
Estimation for ethane at temperature ranges
from 95.0K to 316.0K Between GERG-2004
Model and Peng-Robinson Equation of State.
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[Fig. 11] Comparative Plot on Heat of Vaporization
Estimation for i-butane at temperature ranges
from 134.9K to 392.9K Between GERG-2004
Model and Peng-Robinson Equation of State.
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12] Comparative Plot on Heat of Vaporization
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from 113.5K to 398.5K Between GERG-2004
Model and Peng-Robinson Equation of State.
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[Table 8] Comparison of AAD (%) between GERG-2004
and Peng-Robinson Equation of State Model
for Heat of Vaporization Estimation.

4 Apole]

Components AAD (%)
GERG-2004 Peng-Robinson
CO, 19.114 % 19.905 %
CH,4 4.145 % 4853 %
C:Hs 2.905 % 3.385 %
CsHg 0.732 % 2422 %
iC4Hio 9.411 % 10.882 %
nCsHio 11.330 % 9.878 %
Average 7.940 % 8.554 %
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[Table 9] Coefficients in Liquid Density Correlation

Coefficient COz CH4 CzHG C3Hg iC4H 10 nC4H 10

A 0.4638 0.1599 0.2008 0.2215 0.2228 0.2282
B 0.2616 0.2881 0.2733 0.27744 0.27294 0.2724
n 0.2903 0.2772 0.2833 0.2871 0.2730 0.2863
Tc 304.19 190.58 305.42 369.82 408.14 425.18
T(K) Low 216.58 90.67 9035 8546 113.54 134.86

T(K) High 301.58 189.27 294.35 357.46 402.54 423.86
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[Fig. 13] Comparative Plot on Liquid Density Estimation
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216.6K to 301.2K Between GERG-2004 EOS
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[Fig. 15] Comparative Plot on Liquid Density Estimation
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[Table 10] Comparison of AAD (%) between GERG-2004
and Peng-Robinson Equation of State Model

for Liquid Density Estimation.

AAD (%)

Components Peng-Robinson +

GERG-2004 Costald Model

CO,
CH,4
C>He
CsHs
iCsHio
nC4Hio

0.321
0.715
0.211
0.412
0.506
0.462
0.461

%
%
%
%
%
%
%

0.426 %
0.455 %
0.261 %
0.244 %
0.407 %
0.114 %

Average 0.296 %
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[Fig. 19] Binary isothermal experimental data(C.) for
dioxide carbonate-methane at 293.4K and its
prediction Between GERG-2004 and Peng-Robinson
Equation of State Model (dotted line:
GERG-2004 EOS, line: Peng-Robinson EOS)
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[Fig. 20] Binary isothermal experimental data(C) for
dioxide carbonate-ethane at 220.0K and its
prediction Between GERG-2004 and Peng-
Robinson Equation of State Model (dotted
line: GERG-2004 EOS, line: Peng-Robinson
EOS)
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[Table 111 Comparison of AAD (%) between GERG-2004
and Peng-Robinson Equation of State Model
in Binary Mixtures including CO; at Natural
Gas

Bubble Pressure AAD (%)
Binary pair

GERG-2004 Peng-Robinson
CO; - CHs 1.438 % 0.427 %
CO, - CiHs 3.052 % 1.166 %
CO; - CsHs 1.105 % 0.746 %
CO; - iC4Hyo 1.537 % 1592 %
CO; - nC4Hjo 1.174 % 0.788 %
Average 1.661 % 0944 %
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: asbsolute temperature
: pressure
gas constant
: molar volume
: energy parameter
size parameter
: number of data points
: critical temperature
: pressure

: reduced temperature

k‘ﬁ : binary interaction parameters

, Gy, Cy and Cj : coefficients in Antoine vapor
pressure equation

: objective function

mole fraction of component i and j

: energy parameter for component i and j

: size parameter for component i
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a : energy parameter for mixture

mix

b, : size parameter for mixture

PP, Pf”l: experimental and calcaulted bubble

pressure

5, Tf“l : experimental and calcaulted

bubble temperature

aglA 2X}

« : alpha function

w : acentric factor

0 : reduced mixture density
-

: inverse reduced mixture temperature
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