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Abstract: This study presents theoretical consideration and results of solar water distiller
system. Device was composed of glass which served as a condenser and an aluminium plate
in black paint as an absorber. It was also composed of a tank of brine and a tank of distilled
water. Solar water distiller system was modelled and simulated using an implicit numerical
scheme, the Diabolo-Sablier algorithm. Simulation results showed that accumulated mass
water greatly depended on the ambient temperature. Thus, for an increasing of 5°C of the
ambient temperature, accumulated mass water roughly doubled. This inexpensive device
permitted to produce 6 kg of water per day with a commonly used of collector of 2 m?
Condensed mass water became significant for relative humidity of 40% at 308K temperature
corresponding to conditions of dry season in the Abidjan zones.
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INTRODUCTION

Brackish water and sea water are available in large quantities. Several studies have been made in
the production of drinking water from these sources (Bouchekima et af., 2000; Singh and Tiwari, 2004).
The process used in general is solar distillation (Al-Nimr er «f., 1998; Bouchekima er al., 2000;
Haddad and Al-Nimv, 2002; Tiwari ef af., 2003; Singh ef af., 2004) and the distillers used have been
classified into two groups: passive and active. Tiwari ef af. (2003) recommend that ouly passive solar
stills can be economical to provide pure water. An active solar distillation system can be economical
from a commercial point of view.

Abidjan, the economic capital of Céte d'Tvoire is situated in humid tropical zone. As all big
African country cities, the company of water distribution doesn't cover all inhabited zones. Therefore,
there is a lack of water in certain zones of the city. Besides, in dry season, given the demographic
pressure, this shortage increases.

To solve this problem, we propose to make numeric simulation of a simple passive solar still in
order to optimize its measurements for the production of drinking water in this zone, using
meteorological data of the area.

MATERIALS AND METHODS

Device Description
The solar distiller (Fig. 1) was composed of glass of 2 mm thick which served as a condenser and
an aluminium plate of 3 mm thick in black paint, which served as an absorber. Glass was placed above
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Condenser

Tank of brine

Fig. 1: Solar distiller device

aluminium plate and separated from it by a spacer of 25 mm thick. On this metal plate, a gauze of
1 mm thick was placed to cover the whole surface. It ensured the flow of the brine. An insulator was
placed onrear of the aluminium plate for the reduction of losses on the rear of the solar still. The device
was also composed of a tank of brine and a tank of distilled water.

The brine streams on the absorber through the gauze. The operation was based on the cycle of
evaporation-condensation using solar energy as source of energy. Solar flux absorbed by the absorber
increased its temperature and therefore the one of the brine until its temperature reached evaporation
temperature. Difference of temperature between the evaporator and the condenser ereated a movement
of ascending natural convection of steam on the one hand toward the condenser. On the other hand,
difference of temperature between the entrance of the device and the exit dragged a movement of the
mixture air steam toward the exit. Steam condensed on the glass. Collectors were placed on the level
of condenser to collect distilled water (Fig. 1).

Mathematical Formulation
Transfer equations were based on the nodal method. So, thermal balance on the different material
of the solar still 1zad to the following equations:

« For the external cover surface of condenser

M, C,, 0T,
%%:}1 ev Ty =Ty thpye (Toe - Typ Fhpsoy (liop =Ty heayp (T -Tog ) (b
F

« For the iuner cover surface of condenser

M,C,, 9T,
%%: hCOND (TVE -TVIN )+h CVIN (TMV - VIN) + hRVINP (TP 'Tvm) (2)

« For the air-vapour mixture

M, . C... 9T,
— A M= e Ty = Ty ) Hhops (Toay - Ty ) - Ly + Pu (3)
Se ot
« For the brine
M.,.,C dT, .
%%: heowps (Te = Toan) + hops (T = Tyay) + Mgy Ly (4
F
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« For the absorber

MGy
S

aT,
T:: hCONDS ('TSAU - TP) + hRVINP (TVIN - TP) + hCDISO ('TISO - TP) + aISOTVITREP (5)

F

« For the insulator

M- Crie 9T,
%%: hemiso (Te - Tigo ) + Nprgo (Tsor - Tiso) + Herso (T - Tiso) (6)

F

We considered that water mass was equal to evaporated water mass. It supposed that humidity
rate in the air is the same as the entrance and the exit of distiller.

Transmission coefficient of condenser (glass) was 0.85 and absorption coefficient of absorber
(aluminium plate of 3 mm thick in black paint) was of 0.90.

The properties of water steam and air are given by the following relations:
Thermal capacity of steam:

Cp = —28.695+0.56967T - 3.827x107° T + 11.2564 x 107 T* - 2.0277x 10° T* + 1.2932x 107" T°

Latent heat of water vaporization:

Ly, = 4185(597-0.56 (T-273.15))

Vapour density:
_18.02x107
P = 8 205x 10°T

Thermal capacity of dry air:

Cpa = 995.7+0.124T-5.454x10°T
Thermal capacity of humid air:

Cpan = 4185 (0.24 (1-C 30 .46 Cyp)
Dry air density:

35074
T
Humid air density:
_352989P(  0378C,
- T | 0622+0378C,

Sky temperature is given by the relation:

Tye = 0.0552T, 19
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Fig. 2: Calculation diagram

To solve the system of equations that governs the behaviour of the distiller, we used the algorithm
of calculation represented by Fig. 2. In the model, the mass of water condensed is taken as equal to
the quantity of water evaporated. It supposed that air has the same hurmdity rate as the entrance and
the exit.

Equation 1-6 were solved using implicit numerical scheme and Diabolo-Sablier algorithm. As
coefficients of transfer by free convection and radiation were depended on temperature of the
different components of the solar still which are unknown, iterative procedure was used. Then, vapour
air flow rate through the solar still was determined. An arbitrary value was affected to the exit
temperature of the vapour flow allowing the calculation of the vapour flow rate. Resolution of transfer
equations permitted to obtain another exit vapour temperature. While the difference between
the arbitrary value affected to the exit vapour temperature and the one calculated was less than 0.1°C,
calcuwation stopped. If this condition was not verified the temperatre deduced from the resolution
of transfer equations replaced the arbitrary value and calculation started again as mentioned above until
the condition was satisfied. The procedure described is represented by the diagram in Fig. 2.
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RESULTS AND DISCUSSTON

From the meteorological data of Abidjan described in Fig. 3 and 4 the climatic conditions of
working of the distillate were used for the simulation.
Thus, mean humidity rates of 40 and 55% corresponding to the dry season and 65% for the beginning
of the rainy season were used. Seasonal average temperatures of 298, 303 and 308K corresponding to
the low, intermediate and high temperatures for these periods were also taken.

In integration, the time span was taken as 8 h (i.¢., from 8 pm to 4 am).
The numeric resolution of Eq. 1 to 6 by Diabolo-Sablier method permitted to determine the steam
of water condensed according to relative humidity for different ambient temperatures for a collector

of measurements (length: 2.5 m and width: 1.5 m).
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Fig. 3: Humdity rate of Abidjan
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Fig. 4: Temperature of Abidjan
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Table 2: Accurmilated mass water for 55% of humnidity rate

Length (m) Width (m) Temperature (K) Accumulated mass water
1.115 1.04 298 0.16
303 1.73
308 3.79
2 1.00 298 0.14
303 1.57
308 3.47
2.5 1.00 298 0.14
303 1.71
308 3.49
2.5 1.50 298 0.22
303 2.40
308 5.27

Table 3: Accurnulated mass water for 65% of humidity rate

Length (m) Width Temperature (K) Accumulated mass water
1.115 1.04 303 0.32
308 1.92
2 1.00 303 0.29
308 1.77
2.5 1.00 303 0.28
308 1.74
2.5 1.50 303 0.43
308 1.33
144
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Fig. 8: Effect of collector area on accumulated mass water

Considering the lack of water noted in urban zones in March with relative humidity of 40% and
average temperature of 308K, distiller can be used as additional system to classic system of water
distribution.

This condensed mass water would be completed by the one obtained by condensation of water
steam in the air not taken into account in simulation model.

CONCLUSION

The results of the mathematical model of solar water distiller system showed that accurmulated
mass water greatly depended on the ambient temperature. This model indicated pure water condensed
of within the range 0.5-7 kg day™ for current surface of collector. Pure water condensed became
significant for relative humidity of 40% at temperature of 308K corresponding to conditions of dry
season. Further experiments should be carried out to test the studied device in described conditions.
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NOMENCLATURE

T : Temperature (K)

Cp : Specific heat at constant pressure (I/kg/K)

Cv  : Molar fraction.

h,  : Radiation heat transfer (W/m%K)

heowp © Coefficient of transfer by conduction (W/m?/K)

he  : Coefficient of transfer by natural convection (W/m?/K)
My, : Evaporation mass-flow rate of brine (kg sec™
Ly : Latent heat of vaporization of water (J kg™
Py : Density of useful power (W m™%)

P . Density of solar flux (W m™)

M - Mass

o . Absorption coefficient

T . Coefficient of transmission of the glass

Indice

V o Glass

A AT

ISO : Insulating

MV : Vapour

P . Absorber

SAU : Brine

VC o Sky

VE : External surface of the glass
VIN : Inner surface of the glass
Sol : Gronnd
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