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Abstract: In this study, the optimal design of heat exchangers, including the evaporator and condenser of a solar-
heating ocean thermal energy conversion (SH-OTEC), is investigated. The power output of the SH-OTEC is assumed to
be 100 kW, and the SH-OTEC uses the working fluid of R134a and high-performance commercial tubes. The surface
heat transfer area and the pressure drop were strongly dependent on the number of tubes, as well as the number of tube
passes. To solve the reciprocal tendency between the heat transfer area and pressure drop with respect to the number of
tubes, as well as the number of tube passes, a genetic algorithm (GA) with two objective functions of the heat transfer
area (the capital cost) and operating cost (pressure drop) was used. Optimal results delineated the feasible regions of
heat transfer area and operating cost with respect to the pertinent number of tubes and tube passes. Pareto fronts of the
evaporator and condenser obtained from multi-objective GA provides designers or investors with a wide range of
optimal solutions so that they can select projects suitable for their financial resources. In addition, the surface heat
transfer area of the condenser took up a much higher percentage of the total heat transfer area of the SH-OTEC than
that of the evaporator.
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Table 1 Operating conditions of SH-OTEC
Parameters Values
Turbine work done 100 kW
Condenser duty 1040kW
Evaporator duty 1162kW
Evaporating temperature 60°C
Condensing temperature 14°C
Inlet cooling temp. of condenser 4°C
Outlet cooling temp. of condenser 9°C
Inlet heating temp. of evaporator 75°C
Outlet heating temp. of evaporator 65°C

Generator

Turbine

High pressure

T working fluid pump

weoli

Warm-sea-
water pump

Warm sea water

v v
Characteristics of Evaporator
and Condenser in OTEC:
-Very small temperature
difference

- Very large heat transfer area
- Required high efficiency
-High pumping power

Cold sea water

Fig.1 Schematic diagram of SH-OTEC cycle and
evaporator and condenser
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Table 2 Geometrical parameters of tubes

Low finned tube, smooth bore for condenser
(High Performance Tube, Inc.)

Di Dr Atot Nf T Fh
(mm) (mm) | (m%m) | (fins/m) (mm) | (mm)
19.03 20.45 0.18 1102 0.31 0.89

Turbo-B tube, smooth bore for evaporator
(Wolverine Tube, Inc.)

D, D, Ny

(mm) (mm) (fins / m)

17.37 19.05 1574
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(' Start )

| Generation of initial population |

!

| Calculate cost functions |

!

Rank population
(Non-doninated sorting
and Crowding distance)

I

1

Create child population
(Using Selection, Crossover and Mutation)

!

Evaluate cost functions

!

Recombination parent and child
population, Rank population

!

Select the best members

Yes
Final results
and stop

Fig. 2 Flow chart of optimization using NSGA-II
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Table 3 The input parameters for multi-objective GA
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Table 4 Some optimal points of evaporator

Parameters Values Unit
Pump efficiency 80 %
Total operating time 10 years
Interest rate 10 %
Energy cost 0.12 $/kWh
Annual operating time 3600 Hours/year
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Table 5 Some optimal points of condenser

. Heat . DLength (m)/
I;(i;_ transfer chz)esrta(tg;g Passes | Tubes Velocity
area (m?) (m/s)
A 89.8 46748.1 4 197 7.35/3.31
B 120.57 9651.2 3 310 6.27/1.57
C 140.86 4327.5 3 357 6.36/1.36
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Table 6 Minimum total cost variation of evaporator with
respect to various types of initial investment
cost function

Poi- | Casel” Case2 Case3 Cased Case5
nts &) &) &) 3 (&)
A 161781 | 155741 | 181741 | 176641 244001
B 79390 66210 108210 | 123720 | 406040
C 64946 80826 109826 | 202226 | 1505586
D 99112 29962 192962 | 839062 | 15080382
Min C D B B A

1) Initial investment cost functions
Casel: 1000 (Area) ($) Case2: 3000+2000(Area)’™
Case3: 3000+2000(Area)  Case4: 3000+100(Area)’
Case5: 1000+20 (Area)’
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