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A Simulation Study on the Cascade Refrigeration Cycle for the
Liquefaction of Natural Gas [1]
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'Department of Chemical Engineering, Kongju National University
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Abstract In this paper, simulation works for a cascade refrigeration cycle using propane, ethylene and methane
as a refrigerant have been performed for the liquefaction of natural gas using Peng-Robinson equation of state
built-in PRO/II with PROVISION release 8.3. The natural gas feed compositions were supplied from Korea Gas
Corporation and the flow rate was assumed to be 5.0 million tons per annual. Supply temperature for propane
refrigerant was fixed as -40°C, that for ethylene refrigerant as -95°C, and that for methane refrigerant as -155°C.
Natural gas was finally cooled and liquefied to -162°C by Joule-Thomson expansion. Conclusively, 91.64% by
mole of the natural gas liquefaction ratio was obtained through a cascade refrigeration cycle and Joule-Thomson

expansion.
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Component C G, G
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Component i Component j k;;
Methane Ethane -0.0078
Methane Propane 0.0009
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[E 3] Hrkro] 247 43 W 2w, 43 24
Component Mole%

Nitrogen 0.22
Methane 91.33
Ethane 5.36
Propane 2.14
I-Butane 0.46
N-Butane 0.47
I-Pentane 0.01
N-Pentane 0.01
Temperature (°C) 45.0
Pressure (bar) 60.0
Flow (kg/hr) 625,000
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T : asbsolute temperature
P : pressure

R : gas constant
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V. total volume
v : molar volume
a : energy parameter
b : size parameter
T, : critical temperature
P, : critical pressure
P, : compressor suction pressure
P, : compressor discharge pressure
T, : reduced temperature
7' : compressor inlet temperature
k;; : binary interaction parameter
Ci, G, and Cj : coefficients in alpha function
;j | energy parameter for component i and j
b, : size parameter for component i
Qi - energy parameter for mixture
b,,» © size parameter for mixture
Z : compressibility factor
H, : compressor power

dz|lA 2X}
« : alpha function
w : acentric factor
7 : heat capacity ratio
7 : compressor efficiency
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