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ABSTRACT A tilted multiple-effect solar distiller was proposed and analyzed theoretically. The distiller consisted of a glass cover,
number of parallel plates, and saline-soaked wicks contacted with the plates. The wick color contacted with the glass cover used black
to increase the absorptance of solar energy. A 2D numerical analysis model of heat and mass transfer was developed to analyze the
optimum operating and design conditions of the distiller. The parameters analyzed were the feeding flow rate of seawater, slope of the
distiller, and number of effects. The results showed that the distillate water flow rate depends strongly on the lower feeding rate of
seawater but is rarely affected by the decreasing rate of the seawater feed in the multi-effect section. The optimum numbers of effects
were founded to be 14-16, which was determined based on the productivity at the summer solstice. The total daily distillate production
was predicted to be approximately 0.337, 3.18, and 7.80 kg/m2 on the winter solstice, equinox, and summer solstice, respectively.

Key words Solar distiller(8] ¥ & Z77]), Multiple effect(t}3 & -&), Desalination(3]] 4=E4*), Numerical analysis(4>32] 3] 4]),
Diffusion (Z4h)

Nomenclature effects, %
: distance or diffusion gap, m

QU

2
A area,m

. . ET : equation of time, minute
AST: apparent solar time, minute d ’

. 4 F :shape factor
csw : specific heat of seawater, J/kg/ C P
. .. 2 G :solar irradiance, W/m®
D : diffusivity of vapor, m“/s
. H : enthalpy, J/k
DR : decrease rate of feeding seawater flowrate between Py, kg
h < hour angle, °
. . 2
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: thermal conductivity, W/m/K
: latent heat, J/kg
LL :local longitude, °
LST: local standard time, minute
m  :mass flowrate, kg/s
m 1 - feeding flowrate of the first effect, cm’/min (ccm)
mq :air mass
: day number (1-365)
: total pressure, Pa

: partial pressure of saturated vapor, Pa

Q™ v o3

: heat flow rate, W
: thermal resistance, K/W

: specific gas constant of water vapour, J/kg/K

“ x ™

: seawater concentration, kg/kg

SL : standard longitude, °

t  :time or Celsius temperature, C

T :Kelvin temperature (t+273.15), K
u :air velocity, m/s

3
V' :volume, m

Greek

« : solar altitude angle, °©

3 : tiled angle of distiller, °
d : declination, °

n : absorptance

€ :emittance

6 : solar incident angle, °
p : density, kg/m3

¢ : latitude, °

o : Stefan-Boltzmann constant, wW/m*/K*
T : transmittance, °

¢ :azimuth angle, °

& : solar zenith angle (=90-«), °

subscript

atm : atmosphere

¢ :convection

cd :cold part
d :conduction
e :condensation or evaporation

df : diffuse radiation
dr :direct radiation
g :glass or ground

ga : between glass and ambient

ht :hot part

in :inlet

n :horizontal surface
out :outlet

p :plate

pa :between plate and ambient

pwW : pure water

r  :radiation or reflection

SW :seawater

slr  :solar energy

vV :vapor

w :wick

wn : between plate and wick in same effect
wp : between wick and next-effect plate

(n,j) : n" cell of wick and plate in j" effect
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Table 1. Physical properties and constants
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Table 2. Weather conditions of seasons
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Table 4, Size of components of the distiller

List Dimension
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