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Abstract >> In this study, computer simulation and optimization works have been

performed for a refrigeration cycle using ammonia as a refrigerant and also how
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much power was saved when the liquefied natural gas cold heat is replaced for
the refrigeration cycle. PRO/II with PROVISION release 10.0 from Schneider elec-

tric company was used, and Peng-Robinson equation of the state model was se-
lected for the modeling of the refrigeration cycle and LNG cold heat utilization

process.
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Table 1. LNG compositions

Composition Alean B rich
CHy 96.74 85.12
C>Hs 1.89 8.63
C;Hs 0.68 4.14
I-C4Hio 0.34 1.10
N-C4Hio 0.34 0.90
I-CsHi, 0.01 0.10
N-CsHi, 0.00 0.01
M.W. 16.791 19.320
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b odifying thermodynamic system PRO1

Property: Current Method:
K-value [VLE] Peng-Robinson
K-value [LLE) Mone
K-value (SLE) None
Liquid Enthalpy Peng-Rohinson
Vapar Enthalpy Peng-Robinson
Liquid Density AP
Vapar Density Peng-Robinson

Ideal
Liquid Entropy Peng-Robinson
Vapor Entropy Peng-Robinzon

Fig. 1. API method for liquid density for light hydrocarbon

Table 2. Coefficients in alpha function

Composition a G G
NH; 0.53167 1.1181 -0.153067
CHy 0.119488 0.904017 -
CyHs 0.526261 -0.0178246 0.12642
CsHs 0.595095 0.0348924 0.095946
1-C4Hyo 0.648491 -0.11527 0.532363
N-CsHio 0.67287 -0.0414722 0.219121
1-CsHiz 0.7909282 -0.0369748 0.243644
N-CsHiz 0.749057 -0.0920903 0.37984
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Fig. 2. Flow sheet diagram for a refrigeration cycle using am-
monia as a refrigerant with PRO/II
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Table 3. Refrigeration cycle results summary

Item Value Unit
Evaporator duty 0.3403x10° kcal/h
Compressor outlet pressure 15.957 bar
Valve outlet pressure 0.979 bar
Ammonia feed to evaporator 1,030 keg/h
Overall ammonia circulation rate 1,373 kg/h
Compressor power 245.4 kW
Compressor efficiency 70 %
Compressor outlet temperature 258 °C
Condenser duty 0.5513x10° kcal/h
Cooling water consumption 110 ton/h
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Fig. 3. Flow sheet diagram for a LNG cold heat utilization
process using PRO/II

Table 4. LNG cold heat utilization process results summary

Item Lean Rich

El 0.3403x10° | 0.3403x10°
Ammonia flow, kg/h 1,004 1,004
Liquid ammonia temperature, °C -34 -34
LNG feed flow, kg/h 2,363 2,836
LNG feed temperature, °C -162 -162
LNG outlet temperature, °C -45 -45
Pump power, kW 13.1 14.3
Pump efficiency 56 56
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Table 5. Estimation of electric power cost for each cases

Item Lean Rich
Refrigeration duty, kcal/h 0.3403x10° | 0.3403x10°
Compressor power, kW 2454 245.4
Compressor efficiency, % 70 70
Pump power, kW 13.1 143
Pump efficiency 56 56
Net power, kW 232.3 231.3
Electric power cost, Won/kWh 150 150
Annual operating hours 8,640 8,640
Annual money saving 301 million | 300 million
Korean Won | Korean Won
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