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A Study on the Price Evaluation Per 1 Ton of Liquefied Natural Gas
According to the Refrigerants Supply Temperature in the Electric
Refrigerator
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Corresponding author:
jhcho@kongju.ac.kr Abstract >> In this paper, cold heat price contained in the 1 ton/h of LNG has

_ been evaluated using PRO/Il with PROVISION release 10.2 from Aveva company
Ezsies';lzd g Zec’t’szzfzgfglg when LNG is used to liquefy several refrigerants instead of using vapor re-
Accepted 31 October, 2019 compression refrigeration cycle. Normal butane, R134a, NH3, R22, propane

and propylene refrigerants were selected for the modeling of refrigeration cycle.
It was concluded that LNG cold heat price was inversely proportional to the re-
frigerant supply temperature, even though LNG supply flow rate is not varied ac-
cording to the refrigerant supply temperature.
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Fig. 1. Schematic diagram for a vapor recompression re-
frigeration cycle
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Table 1. Refrigerant supply temperature and properties’

Refrigerant | Temperature, °C | T, °C | Melting point, °C
n-C4H10 2 151.97 -138.29
R134a -25 101.15 -101.00
NH3 -30 132.50 -77.74
R22 -35 96.15 -157.42
CsHg -40 96.18 -187.68
CsHg -45 92.42 -185.26
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Fig. 3. Vapor pressure curves for several refrigerants
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Table 2. Coefficients in a modified Antoine equation”

Item (o) G, C C, C;

n-C4Hjo 66.343| -4,363.2| -7.046 9.4509x10° 2
R134a 49.741]| -3,781.6| -4.1615 8.5693x10™"7 6
NH;3 90.483| -4,669.7| -11.607 0.017194x10° 1
R22 116.06| -4,888.4| -16.486 0.027234 1
CsHg 59.078| -3,492.6| -6.0669 1.0919x107 2
CsHs 57.263| -3,382.4| -5.7707 1.0431x107 2

Table 3. LNG compositions

Component mol%
N2 0.04
CH; 89.26
C>Hg 8.064
C;Hg 1.44
1-C4Hio 0.27
N-C4Hio 0.35
M.W. 17.924
Temperature -163°C
Pump outlet pressure 8.5 bar
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Fig. 4. PRO/II flow sheet diagram for a refrigeration cycle using
normal butane as a refrigerant
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Table 4. Summary for a refrigeration cycle using normal
butane as a refrigerant

Item Value
Refrigerant n-C4Hjo
Heat duty of evaporator 500,000 kcal/h
Refrigerant supply temperature 2°C
Compressor power 157.3 kW
Compressor efficiency 70%
Overall refrigerant circulation rate 7,458 kg/h
Compressor suction pressure 1.113 bar
Compressor discharge pressure 4.335 bar
LNG supply rate 2,506 kg/h
LNG cold heat price for 1 ton 6,277 Won
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Fig. 5. PRO/II flow sheet diagram to determine LNG mass
flow rate
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Table 5. Melting point and critical pressure of propane

Item n-C4Hio R134a NH;3;
Refrigerant ) 25 30
temperature

Compressor power 1573 kW | 350.8 kW | 356.1 kW
Compressor efficiency 70% 70% 70%

Overall refrigerant

458 kg/h | 17,585 kg/h| 2,054 kg/h
circulation rate 7458 ke 7,585 ke ’ ¢

Compressor suction

1.113 bar 1.062 bar | 1.183 bar
pressure
Compressor discharge | 5 o | 11604 bar | 17.739 bar
pressure
LNG supply rate 2,506 kg/h | 2,689 kg/h | 2,726 kg/h
1th\;(r}1 cold heatprice for| ¢ -\ 113,046 Won | 13.063 Won

Table 6. Melting point and critical pressure of propane

Item R22 C3Hg C3He
Refrigerant 35 40 45
temperature

Compressor power 421.1 kW | 506.4kW | 555.4 kW
Compressor efficiency 70% 70% 70%

Overall refrigerant

. . 15,884 kg/h | 10,265 kg/h | 9,973 kg/h
circulation rate

Compressor suction

1.323 bar | 1.114 bar 1.155 bar
pressure
Compressor discharge | 1 4> par | 15385 bar | 18.523 bar
pressure
LNG supply rate 2,763 kg/h | 2,802 kg/h | 2,842 kg/h
ILI;?I cold heatprice for| < » 1 Wwon | 18,073 Won 19,543 Won
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Fig. 6. LNG cold heat price per 1 Ton/h (Won) versus re-
frigerant supply temperature
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