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Abstract: A new concept of an Eco-friendly desalination method is introduced in this study. The main idea of
the desalination method of seawater is the condensation of the vaporized seawater by solar heat energy on
the surface of seashore. The wind turbine blade plays a role of heat exchanger condensing the vaporized
water in the air. In this analytical study, the availability of the proposed desalination system was studied.
First, an analytical condensation theory of the vaporized water in air was arranged and the parametric study
was conducted to estimate the amount of freshwater produced from the system with the change of the
temperature difference between the humid air and turbine blade, and the relative humidity in air, and wind
speed. From the analytical calculation, 2,927(ton/year) of freshwater was produced at the vertical-type wind
turbine (Diameter=4m, Height=3m) as the relative humidity is 100%, the temperature difference between the
impeller blade and the humid air is 40°C and the wind speed is10my/s.
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Fig. 1 Schematic diagram of the desalination system
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Fig. 2 Flow characteristics of the liquid film formed on the surface of a vertical condensing plate
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Table 1 Material property of condensation at the relative humidity 100%

phase Water( , C)
25 30 35 40
. kg/m) 999.17 998.76 998.28 997.73
k, ( /m-T) 0.59110 0.59542 0.59960 0.60364
Wy (kg/m « s) 0.00114 0.00107 0.00100 0.00099
g (m/s?) 9.81
he, (Jkg) 2,442,529 2,430,701 2418,830 ‘ 2,406,913

Table 2 Material property of condensation at the relative humidity 80%
Water(7;, , C)

25 30 35 40
0, (kg/m®) 999.44 999.09 998.67 998.17
k, (Wm « ) 0.58755 0.59198 0.59627 0.60042
11, (kg/m = 5) 0.00120 0.00112 0.00105 0.00099
g (m/5) 9.81
h;, (Jkg) 2,451,964 2,440,167 2,428,330 2,453,142

Table 3 Material property of condensation at the relative humidity 60%

phase Water( _TZ S OC)
25 30 35 40
p; (kg/m?) 999.37 998.57 997.49 996.44
k; (W/m ) 0.58845 0.59711 0.60523 0.61136
Wy (kg/m « s) 0.00118 0.00104 0.00092 0.00084
g (m/s?) 9.81
h, (k) 2,451,964 [ 2440167 | 2428330 | 2453142

Table 4 Material property of condensation at the relative humidity 40%

phase Water(7; , C)
25 30 35 40

p; (kg/m?) 999.92 999.78 999.66 999.31
k, (W/m «C) 0.57629 0.58109 0.58390 0.58934
wy (kg/m « s) 0.00143 0.00133 0.00127 0.00117
g (m/s®) 9.81
he, (Jkg) 2,480,207 2,468,437 2,461,381 2,447,250
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Fig. 3 Configuration and geometry of the model cross-flow type vertical wind turbine impeller with 16 turbine
blades; (height =1m, diameter =4m, chord =1m)
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Table 5 Condensation area of a model blade

Blade W(m) L(m) Area( )
1EA 5 10 50
Total(26EA) 130 260 1300
{10%ton/year)
140
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Fig. 3 Variation of the condensation rate with the relative humidity and temperature
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Table 6 Experimental variables and its ranges

1 Temp. of Condensing Plate 10C, 13T, 16T

2 Forced Speed of Humid Air 0.1m/s, 0.5m/s, 1m/s

Relative Humidity and Temperature at the Humid Air Chamber; 30°C, 80% (Error : +1C/+3%)
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Fig. 5 Variation of the condensation rate with the condensed air temperature and air velocity
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