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Abstract

In this study, a multi-stage thermal cycle was designed to recover the LNG cold energy and the waste
heat from the LNG fuelled ship. In the low temperature cycle, the LNG cold energy was used as the heat
sink and the jacket cooling water of the main engine was used as the heat source. And in the high
temperature cycle, the LNG cold energy and the exhaust gas were used as the heat sink and the heat
sources, respectively. Seven types of working fluids were used for constituting the multi-stage thermal
cycle. The multi-stage thermal cycle was analyzed by calculating the net power, thermal efficiency, exergy
efficiency, and cold thermal efficiency. It was found that the R152a-hexane combination had the highest
net power of 626.3kW, thermal efficiency of 20.5%, exergy efficiency of 29.1% and cold thermal

efficiency of 23.3%.
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[Fig. 1] Schematic of the multi-stage ORC system.
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[Fig. 2] Variation in the mass flow rate of the
working fluid of LT-ORC with the
condensing temperature of LT-ORC.
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[Fig. 3] Variation in the mass flow rate of the
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[Fig. 4] Variation in the mass flow rate of the
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[Fig. 5] Variation in the net power with the condensing temperature of LT-ORC for different working fluid.
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<Table 4> Thermodynamic results of the multi-stage thermal cycle.

Working fluid Working fluid  Total net Thermal Exergy Cold thermal Condensing NG Outlet
of LT-ORC of HT-ORC work output efficiency efficiency efficiency  temperature temperature
R245fa 579.1 20.4 28.4 25.6 -98 19.0
R123 593.4 21.0 29.1 26.6 -97 16.9
RI152a HFE7000
. . 27.6 233 -98 448
(RE347mee) 606.5 18.9
hexane 626.3 20.5 29.1 25.8 -100 312
R245fa 569.2 20.1 27.9 25.1 -97 19.2
R123 583.7 20.7 28.7 26.1 -98 17.0
R134a HFE7000
(RE347mco) 597.0 18.6 27.1 22.8 -100 45.5
hexane 616.9 20.3 28.8 254 -100 312
R245fa 575.5 20.3 28.3 25.5 -95 19.0
R123 589.8 20.9 28.9 264 -97 16.9
R245fa HFE7000
. 8.8 27.5 23.1 -98 448
(RE347mcc) 6029 :
hexane 622.7 20.4 29.0 25.7 -100 312
R245fa 571.7 20.2 28.0 253 -97 19.2
R123 586.2 20.8 28.8 26.2 -98 17.0
propane HFE7000
. 18.6 27.2 229 -100 45.5
(RE347mcc) 3995
hexane 619.5 20.3 28.9 25.5 -100 31.2
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