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Abstract

The spray flash desalination system has attracted attention because of its application in ocean thermal energy conversion
plants, where surface and deep seawater is pumped to generate electricity. After being fed to the generator, the fluid still has a
large amount of thermal energy available. To utilize a part of this wasted power, the spray flash desalination system, which is
composed of a flash chamber (evaporator), plate condenser, fresh water tank, and vacuum pump, is built. The collected water
vapor, generated by the flash chamber from hot seawater, is directed to the condenser, where fresh water is produced due to
heat exchange with cold seawater through a vacuumed pump. In general, the heat transfer area of the plate’s condenser is made
of titanium because of its salt resistance; however, this material has high cost and poor thermal conductivity, resulting in loss
of efficiency. Therefore, in this study, we focused on performance improvement of this plate’s equipment. As an alternative, we
proposed using coated aluminum alloy plates to solve these problems. Three types of plates were prepared. Although the first
and second plates have different thicknesses, they have the same coated substance (high polymer resin). The third one, by
contrast, is made of diamond-Like carbon (DLC). In this study, we measured the overall and condensation heat transfer
coefficients by employing each of these plates under a controlled vacuumed pressure. The heat transfer performance of each
plate was also measured. The experiment shows that the overall and condensation heat transfer values obtained with the
proposed alloy plates are higher than the conventional one, the optimal coefficient results are obtained in the case of DLC.
Coated aluminum alloy plates, therefore, have high availability as part of the desalination condenser.
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Fig. 1 Schematic diagram of experimental apparatus.
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Fig. 2 Design of test plate. Fig. 3 Photos of test plates.

(TP-1: 25um-PEEK, TP-2: 100um-PEEK, TP-3: WIN KOTE®, TP-4: Ti)

Table 1 Specification of plates

Plate type TP-1 TP-2 TP-3 TP-4
. AS5052/ _
Material A5052/ PEEK A5052/ PEEK Titanium
WIN KOTE®
Thickness of coating [um] 25 100 5 -
Number of plates on test section 4 4 4 4
Number of channel (Cold water/ Vapor) 32 32 32 32
Plate thickness ¢ [mm] 35 35 35 0.5
Total heat transfer area A, [m?] 6.7x1072 6.7x1072 6.7x1072 8.0x1072
Cross-sectional are of vapor channel 4c,
2.10x10* 2.10x10* 2.10x10* 2.99x10*
[m’]
Length of the heat transfer area of test
2.33x10! 2.33x10 2.33%10! 2.78%10!
plate L, [m]
Thermal conductivity (base / coating )
140/ 0.25 140 /0.25 140 /20 22/ -
ky [W/mK]
Hydraulic equivalent diameter D, [m] 3.00x1073 3.00x1073 3.00x1073 4.16x107
Table 2 Experimental conditions
Plate type TP-1, TP-2, TP-3, TP-4
Flow rate of cold water m, [L/min] 1,2.5,5,10
Temperature of inlet cold water 7, ;, [°C] 5,10
Temperature of inlet hot water 7}, ;, [°C] 35,40

System pressure P [kPa] in hot water tank
System pressure P [kPa] in pure water tank
Dissolved oxygen value [mg/L]

3.9~62 (Tow=27.2~36.4°C)
1.8 ~4.6 (T = 15.8 ~31.4°C)
19~33
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Table 3 Experimental conditions of water-water heat exchange

PHE W Flowmeter
<FPOutlet Inlet »d4 Valve
- > Plate type TP-1~4
Flow rate of hot and.cold water 125,10, 15
my, me [L/min]
Inlet Outlet -
v Temperature of 1onlet hot water 30,35, 40, 45
Test section Immersion Ty, i [°C]
fleater Temperature of inlet cold water 510
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Fig. 4 Schematic diagram of experimental apparatus for water-

water heat exchange
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Fig. 5 Wilson plots of water-water heat exchange
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Table 4 The value of coefficients Co, C1 and Czof Eq. (9) and (10)

G, G
Plate type Co V. <4 V>4 V<4 V>4
TP-1 1.7140-4 16134 2370e-4 321662 2.181e-1
TP-2 5.286¢-4 1.922¢-4 3.133c-4 2761e-2 1.650¢-1
TP-3 5.165¢-5 1.8550-4 1.796¢-4 2.769¢-2 2.876¢-1
TP-4 3.148¢-5 3.717¢-5 1.461c-1
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ATlm,con = (Tc,out - Tc,in)/ln% (14)
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Fig. 6 The heat transfer rate of the cold-water side against cold-water mass flow rate
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Fig. 7 The overall heat transfer coefficient against cold-water flow velocity.
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Fig. 8 The averaged condense heat transfer coefficient against vapor mass flow rate.
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