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A Study on the Power Saving with the Use of LNG Cold Heat in a Cascade
Refrigeration Cycle using Methane, Ethylene and Propylene as Refrigerants
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jhcho@kongju.ac.kr Abstract >> In this study, computer simulation works using PRO/Il with

_ _ PROVISION V10.2 have been performed for a cascade refrigeration cycle using
Ezsgzzd Z; ?3;2,22%22% methane, ethylene and propane as refrigerants. LNG cold heat was also utilized
Accepted 30 June, 2020 in order to save the compression powers for the ethylene and propane re-

frigeration cycles. It was concluded that about 77% of compression power can be
saved by using LNG cold heat through the exchanging heat with refrigerants. We
could also know that the cold heat price contained in 1 ton of LNG is 16,155 won.
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Fig. 1. Schematic diagram for a vapor recompresson refrigeration
cycle
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Table 1. Normal boiling points for the several refrigerants

. Normal boiling point | Critical temperature
Refrigerant (C) (C)
nCsHjo -0.50 151.97
NH3 -33.43 132.30
C;3Hs -42.04 96.68
CsHe -47.69 92.42
CaHe -88.60 32.17
CoH, -103.74 9.19
CH,4 -161.49 -82.59
N2 -195.81 -146.95
Kot Kot

Fig. 2. Schematic diagram for a cascade refrigeration cycle us-
ing two refrigerants
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Fig. 3. Schematic diagram for a cascade refrigeration cycle us-
ing three refrigerants
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Table 3. Simulation summary for methane refrigeration cycle

Table 3¢] ¢]a}H wgh §37]9] heat duty+

Item Result
Methane evaporator heat duty 1.0x10% keal/h
Table 2. Simulation basis Compressor power 2,098.3 kW
Refrigerant Supply temperature Compressor efficiency 70%
Methane 155C Compressor outlet pressure 34.48 bar
Ethylene 95C Methane condenser heat duty 2.8042x10° keal/h
Propane 20C Methane condenser outlet temperature -92C
Methane evaporator heat duty 1L0x10° keal/h Joule-Thomson valve outlet pressure 1.645 bar
Methane flow to an evaporator 8,183.6 kg/h
Total methane circulation rate 21,104.7 kg/h
N
(m1] Table 4. Simulation summary for ethylene refrigeration cycle
Item Result
Ethylene evaporator heat duty 2.8042x10° keal/h
& Compressor power 2,198.1 kW
Compressor efficiency 70%
Compressor outlet pressure 16.04 bar
El Ethylene condenser heat duty 4.6942x10° keal/h
m m Ethylene condenser outlet temperature -37C
Joule-Thomson valve outlet pressure 1.641 bar
) _ _ Ethylene flow to an evaporator 24,722.0 kg/h
f;g};érzgg?]es;cjfvgsis:g ?;;I:;vr:ggaéoar ?e\f/railg::arnetcompresswn Total ethylene circulation rate 37,021.0 kg/h
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Table 5. Simulation summary for propane refrigeration cycle

Item Result
Propane evaporator heat duty 4.6942x10° keal/h
Compressor power 4,820.3 kW
Compressor efficiency 70%
Compressor outlet pressure 15.558 bar
Propane condenser heat duty 8.8389x10° kcal/h
Propane condenser outlet temperature 45°C
Cooling water consumption 1,105 ton/h
Joule-Thomson valve outlet pressure 1.101 bar
Propane flow to an evaporator 45,734.1 kg/h
Total propane circulation rate 96,029.6 kg/h

Table 6. Typical LNG composition in this study

Component Composition (mol%)
Nitrogen 0.04
Methane 89.26

Ethane 8.64
Propane 1.44
I-butane 0.27
N-butane 0.35
Temperature -163C
Pressure 23.724 bar
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Fig. 5. Process flow sheet drawing for the determination of
LNG mass flow rate
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Fig. 6. Heating and cooling curves for LNG and refrigerants
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