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Exergy Analysis of R744 OTEC Power Cycle with Operation Parameters
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Abstract: This paper describes an analysis on exergy efficiency of R744 OTEC power system to optimize
the design for the operating parameters of this system. The operating parameters considered in this study
include subcooling and superheating degree, evaporation and condensation temperature, and turbine and
pump efficiency, respectively. The main results are summarized as follows : As the evaporation
temperature, superheating degree, and turbine and pump efficiency of R744 OTEC power system increases,
the exergy efficiency of this system increases, respectively. But condensation temperature and subcooling
degree of R744 OTEC power system increases, the exergy efficiency of this system decreases, respectively.
The effect of evaporation temperature and pump efficiency on R744 OTEC power system is the largest and
the lowest among operation parameters, respectively. Therefore, the refrigerant temperature in the evaporator
must be closely to the surface seawater temperature to enhance the exergy efficiency of R744 OTEC power
system.
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Figure 1: Schematic of R744 OTEC power cycle.
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Figure 2: P-h diagram of R744 OTEC power cycle.
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Table 1: Energy, entropy and mass balance equation for each component of R744 OTEC power cycle.

Component Energy Entropy Mass
(h,—hy)
Evaporator (3—2) Q, =m(h, —h,) S, =m {(52 —s5)— ZT 3
H
Turbine (2—1) W, =m(h,—h)n, S, =m(sy—s,)
m; =m,
) } (h,—h,)
Condenser (1—4) Q.=m(h, —h,) S.=m (54—51)—T7L =m,=m,
=M+, =m,
Pump (4—3) W, =m(h, —h,)/n, S,=m(s;—s,) 2o
Subcooling degree (4'—4) AT, =T,—T, -
Superheating degree(2—2") AT, =T, =Ty -

- OTEC power cycle efficiency

W
- Motec T Q0 W=W -W

Table 2: Balance equation of irreversibility and exergy destruction factor(EDF) for each component of R744

OTEC power cycle

Component Irreversibility Exergy destruction factor (EDF)
Evaporator (3—2) I.= Tom{(sfsg) - W} EDF, =1/W
Turbine (2—1) [=T,m(s,—s) EDF, =1/W
Condenser (1—4) I.= Tom{(s4 —s,)— (h?th)} EDF, . =1/W
Pump (4—3) I,=T,m(s;—s,) EDF,=1/W
- System total EDF : EDF,,, =EDF +EDF _+EDF +EDF,
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Table 3: Analysis conditions.
Refrigerant R744(CO,)
Condenser temperature, T, 5. 10%, 15
[C]
Evapora{‘or tf{lcl[])erature, 15, 20%, 25
e
Superheat t:nfﬁ’gﬁamre’ 0, 5%, 10, 15, 20
su
Subcooling CERTHe o, 5, 10, 15, 20
suc
Mass flow rate 0.1
m, [kg/s] '
Turbine efficiency 0.55, 0.65, 0.75,
n /] 0.85*, 0.95
Pump efficiency 0.65, 0.75, 0.85%,
my [/] 0.95
Ambient temperature 30
T, [C]
Surface seawater temperature 25
Tss,in [OC]
Deep seawater temperature 5
Tds.in [C]
* Reference value
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Figure 3: Exergy efficiency and EDF of R744 OTEC
power cycle with evaporating temperatures.
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