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Exergy analysis of R717 high-efficiency OTEC cycle
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Abstract:  This paper describes an analysis on exergy efficiency of proposed high-efficiency R717 OTEC
power system to optimize the design for the operating parameters of this system. The operating parameters
considered in this study include outlet pressure in an evaporator and high turbine, inlet pressure condenser and
vapor quality at cooler outlet, respectively. The main results are summarized as follows : As the outlet pres-
sure in an evaporator and vapor quality at cooler outlet of R717 OTEC power system increases, the exergy
efficiency of this system increases, respectively. But outlet pressure in the high turbine, inlet pressure in the
condenser of R717 OTEC power system increases, the exergy efficiency of this system decreases, respectively.
And, incase of exergy efficiency of this OTEC system, the effect of inlet pressure in an evaporator and outlet
pressure in the high turbine on R717 OTEC power system is the largest and the lowest among operation pa-
rameters, respectively.
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Figure 1: Schematic of high-efficiency R717 OTEC
power cycle proposed in this study[1]
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Figure 2: P-h diagram of high-efficiency R717
OTEC power cycle proposed in this study
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Table 1: Balance equation of exergy loss(Aex, ) and exergy destruction factor(EDF) for each

component of R717 OTEC power cycle proposed in this study

Equipment Exergy loss(Aex,.), [kKW] Exergy destruction factor(EDF), [/]
Evaporator Aexp . =m(ex; —ex,) +Q (1= T,/Ty) EDF, = Aexpes o/ W
Condenser Aex . =m(ex; —ex,) —Q.(1—T,/T,) EDF,.=Aex /W
Heat exchanger AeX iy = Z m; (ex; 1, — eX; our) EDFyy = AeXjggq ix/ W
i=1
Turbine Aex e =m (ex; —ex,) =W, EDF, = Aex../W
Pump AeXysp, =m (ex; —exy) TW, EDF, = AeXy,/ W
Tank AeXes.ta = M 1E€X] — MyEXy — M3EX3 EDF,, = Aex)ow/ W
mixer AeXpeemx — M1€X; T moex, —mzex EDF, . = AeXpsome/ W
Expansion valve A X5 exp = M (€X; —€X,) EDF ., = AeXjpeqexp/ W
Exergy ex =(h—hy)+Ty(s—s,) -
EDF .,y =EDF +EDF +EDFy +EDF; +EDF +EDF  +EDF, +EDF +EDF  +EDF/
T, : Ambient temperature(30C), Ty : Surface seawater inlet temperature(25C), T, : Deep seawater
inlet temperature(4C), h, : Enthalpy evaluated at ambient temperature, s, : Entropy evaluated at
ambient temperature, W : Total turbine work — Pump work
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Table 2: Analysis range of high-efficiency R717 OTEC power cycle proposed in this study

Refrigerant R717(NH;)
Evaporation pressure drop, AP, [kPa] 5%
Condensation pressure drop, AP, [kPa] 5*
Regenerator pressure drop, AP, [kPa] 5*
Mass flow rate, m, [kag/h] 1350, (W = 20 kw)
Turbine efficiency, n,, [ /] 0.85*
Pump efficiency, n,, [ /] 0.85*
Surface seawater outlet temperature, T ., [TC] 22%
Deep seawater outlet temperature, T, .., [T] 6*
Surface seawater mass flow rate, m, [kg/h] 134,000
Deep seawater mass flow rate, m,,, [kg/h] 192,200
Condenser outlet vapor quality, x .., [ /] x=0
High turbine outlet pressure, Py, [kPa] 910, 850, 800, 750, 700, 650, 630*
Condenser inlet pressure, P ; , [kPa] 535%*, 540, 545, 550, 555
Evaporator outlet pressure, P, , [kPa] 710, 750, 800, 850, 900, 915*
Cooler outlet vapor quality, x .. [ /1] 0.95*, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3, 0.2, 0.1
* Reference value
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Figure 3: Exergy efficiency and EDF of R717
OTEC power cycle with outlet pressures of
evaporator
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Figure 5: Exergy efficiency and EDF of R717
OTEC power cycle with intlet pressures of
condenser
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