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Table 1. Weather conditions, constants and values used in simulations

Length of fabric: /=2 m

Ambient air temperature: T,=298.15 K

Temperature of ground: T, =T

a

Sky temperature : T, = 288.1 K

Partial pressure of water vapor in ambient air of 70 % relative humidity:

p, =2.22 kPa

Heat transfer coefficient at 5.0 m/s wind speed : h=24.7 W/m"-K

Mass transfer coefficient at 5.0 m/s wind speed : k=7.33.10"° m/s
Solar radiation: I=0 for 0 < #3600 <6 hr and 18 hr < #3600 <24 hr
and T1=1000-sin[7-(t/3600 —6)/12] for 6 hr < t/3600 < 18 hr

Infrared emittance and solar absorptance of fabric:

£§=09and « =8.5

Specific heat capacity of seawater and seawater-soaked fabric: ¢=4.2 kl/kg-K
Temperature of influent seawater: T, =T,
Salt concentration of influent seawater: S, = 3.45 wt%
h=5.68+38u (W/m’K) (15) Ax
k=(19.3+10.8u):10”° (s/m) (16) il g i1
o ATV B, 1 0@ Th2, - | - | -
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= Total heat gained by fabri (7 ie. 2. Grid poi :
otal heat gamed by fabric Fig. 2. Grid points and variables
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Fig. 5. Temporal variations of salt concentration of effluent

Table 2. Summary of simulations

Model 0.D.M. L.C.M.

Time lag 65 minutes

Concentration of
effluent Sout

Max: 9.91wt%
Min: 6.00 wt%
Av.: 7.24 wt%

Max: 7.11 wt%
Min: 7.02 wt%
Av.: 7.14 wt%

Temperature of
fabric Tm—Ta

Night: -2.96 K
Noon: 3.65 K

Night: -2.94 K
Noon: 3.68 K

Evaporation rate

Night: 0.187 kg/m’h
Noon: 0.839 kg/mzh

Night: 0.185 kg/m’h
Noon: 0.837 kg/m?‘h

me
Total: 9.41 kg/mzday Total: 9.37 kg/mzday
Night: 78.6 % Night: 77.8 %
Thermal Noon: 67.2 % Noon: 67.0 %
efficiency

Av.: 76.6 %

Av.:76.1 %
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Fig. 6. Variations of salt concentration along fabric
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Summary

A double-sided wet-fabric evaporator of seawater was examined experimentally and theoretically. The
evaporator consisted of a rectangular fabric of hydrophilic material, which was stretched between two horizontal
bars and slanted so as to utilize the effects of wind and solar energy efficiently. Seawater was soaked up from a
gutter by a strip of cloth suspending from the rectangular fabric, and was then infiltrated through the fabric. The
fabric was stretched tight crosswise so that the seawater flowed uniformly in the fabric.

The performance of the evaporator was simulated by a one-dimensional trangient model, and the simulation
results may be summarized as follows:

(1) Under the subtropical and maritime climate conditions of Okinawa Island, the wet fabric evaporates water
of 5.2 kg/m’-day on average over a year. The evaporation rises to 10 kg/m>day on fine days from summer to
autumn.

(2) The evaporation rate increases with increasing solar radiation, wind speed and ambient air temperature,
and decreases with increasing humidity and concentration of the effluent seawater. The strong factors are the
solar radiation, the wind speed and the humidity.

(3) When the influent seawater is being controlled corresponding with the present values of the weather
factors and the evaporation is rapidly increasing, the regulation of the effluent concentration fails and an about 3
wt. % rise of the effluent concentration occurs. When the evaporation is rapidly decreasing, an about 1 wt. % fall
of the effluent concentration occurs. These are attributed to the slow flow rate of seawater in the fabric.

A double-sided wet-fabric evaporator was constructed and tested outside at Okinawa Island. The test results
may be summarized as follows:

(4) The hourly evaporation increased linearly with the solar radiation, and the experimental data were in fair
agreement with the model simulation results.

(5) The daily evaporations were measured on December, and the average of these data was in good agreement

with the model simulation result obtained with the weather data of Okinawa Island.
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