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Thermodynamic Analysis of the Extraction Process
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Abstract

Thermodynamic analysis of extraction process from the constant pressure LNG(Liguefied Natural
Gas) vessel was performed in this study. LNG was assumed as a binary mixture of 9% methane
and 10% ethane by mole fraction. The thermodynamic properties such as temperature, composition,
specific volume and the amount of cold energy were predicted during extraction process. Pressure
as a parameter ranges from 101.3kPa to 2000kPa. The result shows the peculiar phenomena for
the LNG as a mixture.

Both vapor and liquid extraction processes were investigated by a computer model. The property
changes are negligible in the liquid extraction process. For the vapor extraction process, the temperature
in the vessel increases rapidly and the extracted composition of methane decreases rapidly near
the end of extracting process. Specific volume of vapor has the maximum and that of liquid has
the minimum during the process. When pressure is increased, specific volume of vapor decreases
and that of liquid increases.

It was found that specific volume of vapor phase had a major effect on the heat absorption at
constant pressure during vapor extraction process. If the pressure of the vessel increases, the total
cold energy which can be utilized from LNG decreased.
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(a) Vapor extraction

(b) Liquid extraction
Fig.1 Schemiatic diagram of isobaric extraction pro-
cess.
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Table 1 Initial condition in LNG vessel under
90% liquid charge
(methane : ethane=90 : 10 by mole)
P(kPa) Y(m®fkg) ()
1013 0.002450 —160.54
200 0.002524 —151.21
400 0.002620 —139.88
600 0.002694 —132.19
1000 0.002811 —121.18
1500 0.002936 —111.23
2000 0.003050 —10342

D

[ input initial conditions J

@culate initial properties ]

calculate new composition z'; and

specific volume v' after extraction

Fig.2 Calculation procedure of isobaric extracting
process of LNG.

increase temperature
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temperature
and quality g
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Fig.3 VLE diagram : Mole fraction changes during
the vapor and liquid extraction processes at
different pressures.
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Fig.10 Absorbed, total and external cold energy as
a function of residual mass ratio during li-
quid extraction process.

Table 2 Saturated properties of methane and ethane, isobaric absorbed heat, external and total cold energy

at vapor extraction process

P(kPa) T7(C) | YAm¥kg) |¥(m'/kg)

hAKI/kg) | hlk/ke | gr(kI/ke) | qe(k/ke) |qukI/kg)

200 methane |—152.67 | 0.002421 | 0.2922

—~814.90 |—33147 | 48747 32842 815.89

ethane |[—74.85 0.001898 | 0.2581

—59047 |—12316 | 470.77 117.83 588.60

600 methane |—134.33 | 0.002613 | 0.1035

—78449 |—311.08 | 44875 301.92 750.67

ethane |—4746 0.002049 | 0.09075

—519.56 | —9847 430.81 8190 512.71

2000 methane | —107.12 | 0.003071 | 0.02989

—65045 |—31185 | 377.37 281.24 658.61

ethane |—6.96 0.002411 | 0.02600

—402.78 | —8267 352.59 17.15 369.74
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Table 3 System condition to calculate cold energy utilization of LNG during liquid extraction process

Electric power required W= 1500kW
Vesse] pressure and temperature 600kPa, 138.82K
Brayton cycle efficiency 7=25%

Lower heating value of LNG
a product of Arun, Indonesia
methane - ethane . propane
=8696 - 840 3.66

0. =49122K]/kg”

Combustion efficiency

100%

Specific volume of vapor
at 273.15K and 101.3kPa

Y=1.2829m% kg
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