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ABSTRACT

Thermodynamic performance of a simple Rankine cycle, regenerative Rankine cycle, and Kalina
cycle for Ocean Thermal Energy Conversion(OTEC) is evaluated under the same condition with
various working fluids. The evaporator and condenser are modeled by a UA and LMTD method
while the turbine and pump are modeled by considering isentropic efficiencies. As for the working
fluids, R22, R134a, R32, propylene, ammonia are used for the Rankine cycles while ammonia/water
and R32/R134a mixtures are used for Kalina cycle. Calculated results show that newly developed
fluds such non-ozone depleting refrigerants as Rl34a and R32 perform as well as RZ22 and
ammonia. The regenerative Rankine cycle showed a 1.2 to 2.8% increase in energy efficiency as
compared to the simple Rankine cycle while the Kalina cycle with ammonia/water mixture showed
a 1.8% increase in energy efficiency. The efficiency of the Kalina cycle with R32/R134a mixtures is
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the same as that of a simple Rankine cycle using R22. Therefore, the regenerative Rankine cycle

turns out to be best choice for OTEC applications.
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Subscript

C, ¢ : Condenser
CSI ¢ Cold sea water inlet
CSO : Cold sea water outlet
E, e ' Evaporator

high : High
low : Low
mid : Middle
P Pressure

reg . Regenerator

sub : Subcooling
T  : Turbine
tp : Two-phase
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WSI | Warm sea water inlet
WSO | Warm sea water outlet

Greek

¢ . Effectiveness
& . Ratio of mass flow rate
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Fig. 1. Schematic diagram of a Kalina cycle

Fig. 2. | Kalina cycle on a temperature-
concentration diagram
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Table 1. Standard operating condition

Warm sea water inlet temperature(C) | 28

Warm sea water outlet temperature(C) | 25

Cold sea water inlet temperature(C) 4
LMTD in evaporator(LMTDg, C) 2.5
LMTD in condenser(LMTDc,C) 2.5
Isentropic turbine efficiency(%) 100
Isentropic pump efficiency(%) 100

Heat transfer rate in evaporator(kW) 150
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Table 2. Calculated results for Kalina cycle using

NHa/H0
ot (%) (kIFD)a) (kg);kg) (kJ?kg) (kg/ig)
1 | 872053423 [09500 | 63148 100
2 | 734[53423 [09500 | 235 100
3| 74290388 [ 09500 | -178] 100
4 | 151290388 | 09500 | 34211 1.00
5 | 2500 90388 | 09500 | 702.14| 100
6 | 2500] 90388 | 0.9999 | 1291.90| 053
7 | 2500/ 90388 | 08940 |  40.20| 047
8 | 88290383 | 08040 | -3574] 047
90 | 885|53423 | 08940 | -3574| 047
10 | 6.01]53423 | 09999 | 122594| 053
11 | 23.24| 90388 | 09500 | 7264| 1.00
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Fig. 9. Calculated results plotted on a
temperature—concentration diagram

Table 3. Calculated results for a simple Rankine

cycle using R22
Point ! i 1S "

(C) (kPa) (C) (kJ/kg)
1 644 | 10190 | 25.00 51.96
2 2406 | 10190 | 2530 73.05
3 2406 | 10190 | 2798 | 25855
4 2606 | 10190 | 2800 | 260.11
5 8.23 6405 | 691 | 249.33
6 8.23 6455 | 4.03 24.01
7 6.23 6455 | 4.00 51.66
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Table 4. Various parameters calculated for the
turbines in Rankine and Kalina cycles

AhT ”.'ZT | WT
(kJ/kg) (kg/s) (kW)
R22 10.78 0.721 7.8
R1270 1995 0.391 78
R32 17.11 0458 78
R134a 10.64 0.720 77
Ammonia 64.81 0.119 77
Kalina
: 11 79
(NH3/H0) 0% 0119
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Table 5. Comparison of calculated  cycle
efficiencies of a simple Rankine cycle
and Kalina cycle

:;r:lz:?e Kalina cycle
cycle (_IFI Ha/izg)
TCSWI =6C CSwWI
Present Work 3.9 .13
Uehara et al. 3.96 5.00
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