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Quantity Normal Range Expanded Range
Relative Density 0.554 to 0.87 0.07 to 1.52
Gross Heating Value 477 to 115 Btu/scf | 0 to 1800 Btu/scf
Gross Heating Value 18.7 to 45.1 Mj/m’ | 0 to 66 Mj/m’
Mole Percent Methane 45 to 100 0 to 100
Mole Percent Nitrogen 0 to 50 0 to 100
Mole Percent Carbon Dioxide 0 to 30 0 to 100
Mole Percent Ethane 0to 10 0 to 100
Mole Percent Propane 0to4 0to 12
Mole Percent Total Butanes Otol 0to6
Mole Percent Total Pentanes 0t00.3 Oto4
Mole Percent Hexanes Plus 0t00.2 0 to Dew Point
Mole Percent Helium 0to0.2 0to3
Mole Percent Hydrogen 0to 10 0 to 100
Mole Percent Carbon Monoxide 0to3 0to3
Mole Percent Argon 0 Otol
Mole Percent Oxygen 0 0to21
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Mix1 McElroy et al [42] 44 303-333 1-12 0.138
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Mixture Ref Number of T Range P Range AAPD
Data [K] [MPa] (%)
NGl1 Capla et al [44] 28 253.15-323.15 1-15 0.0084
NG2 Capla et al [44] 28 253.15-323.15 1-15 0.064
NG3 Patil et al [45] 30 270-340 2-35 0.216
NG4 Capla et al [44] 28 253.15-323.15 1-15 0.06013
NG5 Hwang et al [46] 77 250-325 0.2-10.5 0.0997
NG6 Hwang et al [46] 60 275-325 0.2-10.5 0.0533
Sum 251 0.0831
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Component Pure Methane Mix3 Mix4 Mix5
CH, 100 85 79.942 89.569
N, - - 9.939 0.494
co, - - 2.09 -
C,Hg - 15 5.029 8.348
C;Hg - - 3 1.197
i —CyHy, - - - 0.149
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Mixture Ref Number of T Range P Range AAPD
Data K] [MPa] (%)
Pure Methane Ernst et al [47] 55 250-350 1-30 0.471
Mix3 Ernst et al [47] 56 250-350 0.6-30 0.5066
Mix4 Ernst et al [47] 54 250-350 0.6-30 1.122
Mix5 Barreau et al [48] 30 307-406 14.92-40.03 1.088
Sum 195 0.756
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Ref Number T4[K] Constant | AAPD
of Data P [MPa] (%)
Pure CH, Day et al [54] 51 304-525 3 0.474
Pure CH, Day et al [54] 40 313-513 7 0.468
0.89CH, + 0.11C,H, Day et al [54] 21 376-474 7 1.72
0.75CH, + 0.25C,H, Day et al [54] 20 375-428 7 1.44
Mixl11 Ashton and Haselden 24 361-367 13-55 2.211
[27]
Sum 156 1.03
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Number of Inlet Pressure Drop AAPD

Data Temperature [MPa] (%)
(K]

Pure CH, 23 304-557 3-0.17 1.54
Pure CH, 21 313-535 7-0.17 1.32
0.89CH, +0.11C,Hq 15 376-524 7-0.17 0.62
0.75CH, + 0.25C,Hq 15 375-488 7-0.17 0.7
Sum 74 1.12
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Pure CH4 NIST Data 299 250-350 1-60 0.078
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Ref Number of Data AAPD (%)
Pure Methane Solan [34] 31 2.98
Methane-Ethane Solan [34] 11 1.69
Methane-Propane Solan [34] 8 2.76
Methane-Nitrogen Solan [34] 8 2.115
Sum Solan [34] 58 2.6
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Component Mole Fraction (%)
Khangiran | Turkman Gas Kangan Pars Gasho
CH, 98.6 94.21 90.04 87 79.08
C,Hg 0.59 2.25 3.69 5.4 0.91
C3Hg 0.09 0.53 0.93 1.7 0.36
iso — C4Hqg 0.02 0.63 0.2 0.3 0.09
n — C4Hyy 0.04 - 0.29 0.45 0.18
iso — CsHyy 0.02 0.26 0.14 0.13 0.08
n—CsHy, 0.02 - 0.08 0.11 0.07
n — CgHyy 0.07 0.17 0.14 0.07 0.69
C;" - 0.18 0.01 0.03 -
N, 0.56 1.9 4.48 3.1 5.14
Co, - 0.14 - 1.85 7.08
H,S - - - - 6.32
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Density

v

Pressure (P) Heat Capacities
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Calculations Joule - Thomson
Mole Fraction Isentropic Exponent
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N Speed of Sound
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( a5 Matural Gas Thermodynamics Properties : AGAS EOS E]@
Input Mole Fractions | Termodynamics Properties | Heating Value And Other Propertie| ¢ | *
Methane 1 n-Butane ]
Nitrogen 0 i-Pentane 0
Carbon Dioxide 0 n-Pentane 0
Ethane 0 n-Hexane 0
Propane 0 n-Heptane 0
Water 0 n-Octane 1]
Hydrogen Sulfide 0 n-Nonane 0
Hydrogen 0 n-Decane 1]
Carbon Monoxide 0 Helium 0
Oxygen 0 Argon 0
i-Butane 0
(omsize
Molecular Weigth (Kg/Kmol)
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o' Matural Gas Thermodynamics Properties : AGAS FOS g@

Input Mole Fractions | Termodynamics Properties | Heating Yalue And Other Propertie ¢ | *

Pressure {(Mpa) 2 Temperature {Kelwvin) 300

Common Properties Important Properties

Compression Factor

Molar Density (kmol/m™3) Tref {(Kelwvin) 298.15
Mass Density (Kg/m™3) Pref (MPa) 0.101325
Cwv.m (KjfKmol K) Internal Energy (Kjfkmol)

Cp.m (Kjfkmol K) Enthalpy (Kj/Kmol)

Isentropic Exponet Entropy (Kj/kmol K}

JT coefficient (K/Mpa)

Speed Of Sound (m{s)
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Termodynamics Properties | Heating Value And Other Properties | Gas Hydrate ERER

[] Lowering Heating Value [] High Heating Value

Ph (MPa) 0.101325
Th (C) v

Thi (C) v

[cotetene

Heating Yalue Other Properties

Molar Heating Yalue (KjfMol)

Relative Density
Mass Heating Yalvue (Mjfkqg)

Wobbe Index (Mjfm”~3)

Yolumetric Heating Yalue {Mj/m~3)
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o5 Matural Gas Thermodynamics Properties : AGA® EOS

BEX

Termodynamics Properties | Heating Yalue And Other Properties | Gas Hydrate

Gas Hydrate Pressure

Gas Hydrate Former

CHA4 1 C3Ha 0
C2HG o N2 0
Temperature {(Kelvin) 275
Pressure

Caclculations

Pressure {MPa)
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Component Mole Fraction (%)
Khangiran Kangan Pars Bidboland
CH, 98.6 90.04 87 85.01
C,Hg 0.59 3.69 5.4 9.38
C3;Hg 0.09 0.93 1.7 3.49
iso — C4Hy 0.02 0.2 0.3 0.34
n— CyHqg 0.04 0.29 0.45 0.65
iso — CsHy, 0.02 0.14 0.13 0.1
n—CsHy, 0.02 0.08 0.11 0.09
n— CeHyy 0.07 0.14 0.07 0.09
c,” 0 0.01 0.03 0
N, 0.56 4.48 3.1 0.44
CO, 0 0 1.85 0.41
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Fuel Consumption (Kg/100Km)
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Mass of Natural Gas in CNG Cylinder (Kg)
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Abstract

In this study, thermodynamic properties of natural gas have been calculated using
AGAS Equation of State (EOS). Natural gas is a mixture of different gases with various
properties, natural gas properties strongly influence properties of its component.
Therefore, as composition of natural gas changing, natural gas thermodynamic
properties are changed as well. In order to calculate the thermodynamic properties of
natural gas, we need to have the equation of state to calculated thermodynamic
properties of natural gas according to its components. AGA8 EOS presented by the
America Gas Association, by considering the interaction properties of natural gas
component in the gas mixture, has been offered very accurate models for calculating
natural gas compression factor. In this research, using AGA8 EOS and using certain
thermodynamic relations between the natural gas components in the gas mixture,
natural gas thermodynamic properties have been calculated. Calculations have been
validated with experimental data. Validations showed AGA8 EOS has high accuracy in
calculation thermodynamic properties of natural gas.

Thermodynamic properties calculated for different regions of Iran's gas fields and effect
of natural gas compositions on the thermodynamic properties have been investigated.
Also, effect of natural gas composition on these processes has been analysis.

Finally, software for calculation thermodynamic properties of natural gas has been
presented. With known of the temperature, pressure and mole fraction of natural gas
components in the gas mixtures, the thermodynamic properties of natural gas can be
calculated using designed software.

Keywords:

Natural Gas — Thermodynamic Properties — AGAS8 Equation of State — Thermodynamic
Relationship
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