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Performance analysis of 20 KW OTEC power cycle using various working fluids
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Abstract: In this paper, the 20 kW Ocean Thermal Energy Conversion(OTEC) is newly proposed in order to
select the refrigerant that makes the cycle performance be optimized and the performance of 20 kW OTEC
applying 15 pure refrigerants and 16 mixed refrigerants is analyzed. The efficiency of system, the mass flow
of working fluids and TPP, which is new concepts, are analyzed. In view of cycle efficiency, R32/R152a
(87:13) is the highest efficiency among the refrigerants. At the mass flow of working fluid to make the 20
kW electricity, R717 is shown as the lowest value. And in view of TPP in this study, R32/R134a 70:30 is
the most optimized refrigerant. The analysis can confirm that the refrigerant is different along with the part of
the system, so it is necessary to select the optimized refrigerant for 20 kW OTEC.

Keywords: Pure refrigerant, Mixed refrigerant, Ocean Thermal Energy Conversion(OTEC), System efficiency,
Performance analysis
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Figure 1: Schematic of proposed OTEC power cycle
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Figure 2: P-h diagram of OTEC power cycle
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Table 1: Analysis conditions of OTEC power cycle

Variable Value
Total output (kW) 20
Outlet temperature at evaporator (C) 24
Inlet temperature of deep water (C) 5
Temperature difference of deep water (C) 5.8
Inlet temperature of surface water (C) 26
Temperature  difference  of surface 3
water (C)
Isentropic efficiency of turbine (%) 80[9]
Efficiency of working fluid pump (%) 65[9]
Efficiency of the sea water pump (%) | 65[9]
Heat exchanger LMTD (C) 35
quality at outlet of cooler 0.95

Table 2: Refrigerants group of OTEC power cycle

Pure refrigerants Mixed refrigerants
R22, R134a, R717 R32/R290
R290, R600a, R1270 R32/R1270
R245fa, R410a, R404a
R500, R507a, R32 R32/R134a
R152a, R125 R32/R152a
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Table 3: The difference of Mass enthalpy in system

Pure refrigerants Mixed refrigerants
Evaporator(kJ/kg) High-Low Turbine(kJ/kg) Evaporator(kJ/kg) High-Low Turbine(kJ/kg)

R22 201.5 4.1 R32,R290 (20:80) 355.0 7.7
R134a 196.6 3.7 R32,R290 (45:55) 338.5 7.3
R717 1250.1 25.1 R32,R290 (70:30) 312.3 7.2
R290 366.1 7.3 R32,R290 (87:13) 317.9 7.2
R600a 346.4 4.8 R32,R1270 (20:80) 356.3 7.7
R1270 368.5 7.6 R32,R1270 (45:55) 329.9 7.3
R245fa 151.3 2.5 R32,R1270 (70:30) 326.5 7.3
R410a 215.8 4.8 R32,R1270 (87:13) 318.3 7.1
R404a 160.2 35 R32,R134a (20:80) 218.3 4.8
R500 182.6 35 R32,R134a (45:55) 2442 5.6
R507a 156.8 3.4 R32,R134a (70:30) 274.3 6.5
R32 311.4 6.8 R32,R134a (87:13) 293.9 6.8
R152a 302.9 5.5 R32,R152a (20:80) 301.7 6.3
R125 127.5 2.8 R32,R152a (87:13) 308.5 7.3
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