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Abstract: With the increasing application of liquefied petroleum gas (LPG), the tranapartation of
offshore liquefied petroleum gas has been developed rapidly, which makes the demand for LPG ships
increase sharply at home and abroad. The cold type of LPG ships is the type mostly manufactured in
our country and its key equipment is a reliquefaction system. Considering the different species of
liquid materials which could be transported by this type of LPG ships, the most adaptive
refrigeration cycle was selected. Under different designed pressures and different amount of
refrigeration, the thermodynamic parameters at various points of the cycle were calculated. The
displacement ratio of the high to low stages of the compressor, the power consumption of the
comperssor and the power consumption of the single stage of the compressor were further
obtained. Through analysis and comparison, the design pressure in the liquid cargo tank, the
selection method for the two stages of compression system and the switching method between the

two stages were provided. The results give reference to the design of reliquefaction systems.
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Fig.1 Schematic diagram of reliquefaction system with
two-stage compression, one-stage throttling

incomplete intercooling
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Fig 2 p-h graph of refrigeration cycle with two-stage
compression, one-stage throttling and

incomplete intercooling
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compression and one-stage throttling
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X IO V8 BT ) [ ) il v 5. 331l 18.46,80.,160 kJ/s.
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Tab.1 Thermodynamic parameters of Propane at each point on p-h diagram under different pressures

FE1/MPa RIS /C Wk v/ c ke D
0 1 2 3 4 1 3
0.2 9.2 545.751 7 553.497 5 607.149 3 601.677 4 646.017 3 0.224 8 0.078 0
0.3 14.2 558.874 3 567.012 5 608.442 3 604.562 0 641.571 9 0.1535 0.071 0
0.4 17.5 568.775 5 577.251 2 609. 303 4 606. 306 5 638.753 9 0.116 8 0.061 4
0.5 21.5 576.766 3 585.549 5 612.029 7 609.691 3 636.924 6 0.094 3 0.055 2
FEJ)/MPa  4/C B ) COP,
5 6 7 8 9 10
0.2 57.1 321.789 7 236.507 5 228.761 7 228.761 7 321.789 7 584.802 1 2.8212
0.3 55.2 321.789 7 249.761 6 241.623 4 241.623 4 321.789 7 590.107 3 3.589 8
0.4 53.9 321.789 7 258.450 4 249.974 7 249.974 7 321.789 7 593.452 9 4.423 8
0.5 53.1 321.789 7 269.192 0 260.408 8 260.408 8 321.789 7 597.436 4 5.370 2
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Tab.2 Thermodynamic parameters of Propylene at each point on p-h diagram under different pressures

FEF1/MPa s /C W ke D vtk D
0 1 2 3 4 1 3
0.2 5.8 546.375 8 553.512 1 614.905 1 606.619 9 658.188 7 0.230 6 0.074 0
0.3 11.3 557.680 3 565.168 8 614.361 5 608.357 5 651.089 2 0.157 5 0.062 9
0.4 15.6 566.114 9 573.908 7 614.562 0 609.940 6 646.361 6 0.1199 0.055 8
0.5 18.8 572.856 4 580.929 2 614.681 6 610.999 4 642.794 7 0.096 8 0.0510
JiJ1/MPa /T UALIRE o COP,
5 6 7 8 9 10
0.2 66.6 319.141 1 227.107 3 219.971 0 219.971 0 319.141 1 582.877 3 2.492 5
0.3 63.2 319.1411 241.098 1 233.609 6 233.609 6 319.1411 587.697 0 3.105 8
0.4 61 319.1411 251.960 7 244.166 9 244.166 9 319.1411 591.224 2 3.740 7
0.5 59.4 319.1411 260.326 8 252.254 0 252.254 0 319.1411 593.803 8 4.430 9
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Tab.3 Thermodynamic parameters of Ammonia at each point on p-h diagram under different pressures

FEJ)/MPa  sfifaEHE /C ey U )
0 1 2 3 4 1 3
0.2 10.1 1 582.404 1594.476 1 751.283 1734.971 1 918.088 0.608 6 0.242 7
0.3 14.1 1 594.809 1 607.425 1 725.566 1714.270 1 866. 741 0.415 8 0.2105
0.4 18.5 1 603. 345 1 616.435 1 714.681 1 706. 400 1 831.295 0.316 9 0.179 8
0.5 20.5 1 609.213 1 623.213 1 699. 059 1 692.878 1 804. 202 0.256 5 0.165 0
JEJ)/MPa t./C e le) COP,
5 6 7 8 9 10
0.2 144.7 558.629 9 414.471 6 402.399 3 402.399 3 558.629 9 1 615.399 3.2337
0.3 124.9 558.629 9 433.179 7 420.464 0 420.464 0 558.629 9 1618.811 4.068 3
0.4 111.4 558.629 9 453.985 8 440.895 3 440.895 3 558.629 9 1622.230 4.937 6
0.5 101.2 558.629 9 463.526 5 450.004 5 450.004 5 558.629 9 1 623.663 5.881 0
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Tab.4 Thermodynamic parameters of Butane at each point on p-h diagram under different pressures

) ) /(K] « kg™ y/(m? « kg™1)
JEJ3/MPa  Hal i /C
0 1 2 3 4 1 3
0.2 29.8 612.151 1 620.976 4 634.716 3 634.195 8 651.717 0 0.199 2 0.143 1
0.3 35.3 630.781 4 640.044 7 644.086 7 643.154 8 654.822 8 0.1357 0.123 0
5 h/(KJ « kg™b
J& 11 /MPa ts/C COP4
5 6 7 8 9 10
0.2 46.2 309.582 1 283.774 8 274.949 5 274.949 5 309.582 1 627.778 1 0.738 4
0.3 47.8 309.582 1 297.625 2 288.361 9 288.361 9 309.582 1 635. 606 7 0.893 4
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Tab.5 Displacement ratios of four kinds of working

media under different pressures

FE 1/ MPa A A HEEH A
ik i A Tk
0.2 0.44 0.41 0.44 0.74
0.3 0.56 0.49 0.54 0.89
0.4 0.62 0.55 0.59
0.5 0.67 0.61 0.67
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Tab.6 Power consumptions of compressor with Propane and Propylene under different working conditions

WERAT s D IEA/MPa s Pl
Ps/kW Pq/kW (Ps— Py /kW Ps/kW Pq/kW (Ps— Py /kW

0.2 7.866 9 6.544 8 1.3221 9.003 8 7.408 1 1.595 7

LG 0.3 5.938 8 5.143 5 0.795 3 6.960 7 5.945 0 1.0157
0.4 4.684 6 4.423 6 0.261 0 5.625 4 4.936 1 0.689 3

0.5 3.774 9 3.438 3 0.336 6 4.650 4 4.167 2 0.483 2

0.2 34.084 9 28.356 7 5.728 2 39.010 8 32.096 9 6.913 9

0.3 25.731 0 22.2851 3.445 9 30.158 6 25.757 9 4.400 7

80 0.4 20.296 9 18.083 9 2.2130 24.373 0 21.386 5 2.986 5
0.5 16.355 6 14.897 1 1.458 5 20.148 8 18.055 0 2.093 8

0.2 68.169 9 56.713 3 11.456 6 78.021 7 64.193 9 13.827 8

. 0.3 51.461 9 44.570 3 6.891 6 60.317 2 51.515 8 8.801 4
0.4 40.593 8 36.167 9 4.4259 48.745 9 42.773 1 5.972 8

0.5 32.7111 29.794 2 2.916 9 40.297 6 36.110 1 4.187 5
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Tab.7 Power consumptions of compressors with Ammonia and Butane under different working conditions

£ Tk
il st /(K] = s™1) J&7J3/MPa
Ps/kW Pqa/kW (Ps— Py) /KW Ps/kW Py/kW (Ps—Py) /kW

0.2 6.137 0 5.709 9 0.427 1 1.8550 1.789 6 0.065 4

0.3 4.810 1 4.538 5 0.271 6 0.843 7 0.844 9 =0.001 2
1846 0.4 3.923 1 3.739 5 0.183 6
0.5 3.265 5 3.1396 0.1259

0.2 26.589 5 24.739 1 1.850 4 8.037 1 7.753 7 0.283 4

0.3 20.840 6 19.663 9 1.176 7 3.655 3 3.617 3 0.0380
80 0.4 16.997 6 16.202 3 0.795 3
0.5 14.148 6 13.603 1 0.5455

0.2 53.179 1 49.478 2 3.700 9 16.074 2 15.507 5 0.566 7

0.3 39.076 2 36.327 8 2.748 4 7.310 6 7.234 6 0.076 0
160 0.4 33.995 2 32.404 5 1.590 7
0.5 28.297 1 27.206 3 1.090 9
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