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Abstract

The type of mixed refrigerant components is one of the most important factors Received: 11 June 2021
affecting the energy consumption of compressors in the natural gas Accepted: 2 August 2021
liquefaction process. In the recent researches, various components have been Page Number: 7-21

used, which usually contain ethane or ethylene. So far, no comparison has
been performed between the performance of these two components in the
mixed refrigerant. In this research thermodynamic properties of ethane and
ethylene were compared. Then PRICO process, as the most common Keywords:
small-scale liquefaction process, was simulated with three types of
five-component refrigerants including ethane, and then optimized using the
genetic algorithm tool in MATLAB 2019a. Then, the thermodynamic effect of

Natural Gas Liquefaction,
Mixed Refrigerant,

ethylene replacement in these three refrigerants on the work consumption of Ethane,

compressors as an objective function was investigated. The results indicated Ethylene,

ethane or ethylene presence in mixed refrigerant is necessary and their Specific Heat Capacity,
absence leads to work consumption of 3792.35 kW. This value is higher than Latent Heat of Vaporization
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all six case that contain ethane or ethylene. Also, results showed that the use
of ethylene reduces the work consumption of compressors, and in refrigerants
with nitrogen, methane, ethane, propane, and i-butane components, replacing
ethane with ethylene reduces process work consumption by 11.28%.
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Figure 1. PRICO process flow diagram.
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Table 2. Genetic algorithm parameters.

Max generations 300

Population size 300
Selection Fcn tournament

Elite count 50

Mutation Fcn Adapt feasible

Crossover Fcn Two point
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Table 1. Simulation parameters and natural gas
composition and conditions.

1. Generation
2. Population

Minimum temperature approach in LNG Value
ColdBox (°C)
Outlet temperature of air coolers (°C) 75
Natural gas feed rate (kg/h) 3<
Natural gas composition (mol%) 45
N> 5591
C:
C, 2.50
Cs 92.00
n-Cy4 3.00
i-C4 2.00
n-Cs 0.2
i-Cs 0.19
n-Cs 0.03
n-C; 0.05
Natural gas feed temperature (°C) 0.02
Natural gas feed pressure (kPa) 0.01
Minimum temperature approach in LNG 25
ColdBox (°C)
Outlet temperature of air coolers (°C) 3,000
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Figure 3. Changes of enthalpy of vaporization of ethane and ethylene versus temperature at 100 kPa pressure (Aspen Plus database).
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Figure 4. Changes of Thermal conductivity of ethane and ethylene versus temperature at 100 kPa pressure (Aspen Plus database).
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Figure 5. Changes of Viscosity of ethane and ethylene versus temperature at 100 kPa pressure (Aspen Plus database).
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Table 3. PRICO process optimization results using five component mixed refrigerants.

Frot Xnz Xe1 X2 Ko Xes Xica Xics Pm2 Pma Prs (KP2)
cases | (kgmol/h) | (%) (%) (%) (%) (%) (%) (%) (CGE) (kPa) mé

1231.27 36.18 16.65 =
2 1236.47 10.64  32.87 3241 =
& 979.17 9.66 37.66 28.40 = =
4 1161.96 9.16 28.83 = 25.49
5 1170.17 9.61 35.98 = 21.64
6 1194.55 891 24.30 = 37.13 =
7 1828.17 8.79 46.34 = =

6.61

1.95

17.19

35.21

26.92 = 1578.05 4019.73 460.13 2838.22
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= 1558  1073.82 3346.08 502.21 2344.98
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1.83 7.84 1539.48  3600.40 473.84 3792.35
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Figure 6. Hot and cold composite curves in Case 7.
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Figure 7. Hot and cold composite curves in Case 1.
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Figure 11. Hot and cold composite curves in Case 3.
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