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The Purpose of the paper is studied three types solar distillers, double slope with and without
immersed fins and the simple solar distiller. A monthly comparative study is investigated
experimentally, for a long period of the year. Further, the wind speed influence, the distance
between fins, the fins height, the fins number and thickness, on the solar distiller’s production,
is investigated theoretically. From the obtained results, it is noted that for the wind speed
greater than 3.5 m/s, a decrease in the productivity is caused by the cooling of the outer walls,
and this induces some heat losses, especially at the front and rear walls of the solar still. The
distance between fins has no significant effect on the still productivity. Moreover, increasing
the fins height, from 2 to 5 cm, increase the productivity; however, when the height changes
from 6 to 8 cm, the distillate production goes down. A larger fins number lead for rise the
produced distilled water amount. Therefore, one should use the maximum number of fins,
while taking into consideration the feasibility of the assembly. Increasing the water mass
makes the productivity to go down. The obtained results on June 11, 2016, show that the
proposed system productivity was about 15 to 27 % higher than that of a simple one, under the
following conditions, i.e. Mw =42.61 kg, h1 =3.6 cm, Vw = 3.5 m/s, Iw =5 cm and Nfins =
12. The total annual cost estimation proof clearly that the payback period is less than a years.
As well as, it has been found that the increasing lifetime and the interest rate decreasing caused

a decrease in the distilled water unit price.

1. INTRODUCTION

Water is the cheapest and the most expensive is missing, is
one of the necessary elements for every living thing on earth
life on the earth. The population growth, the economic
development, water needs are increasing to response the
human live exigency.

These increases are inversely proportional to the resources.
Fresh water represents only 3% from the total amount of water
available on earth. Only 1 % of this quantity is usable, the rest
is in the glace form or buried underground. Arid regions are
characterized by droughts; they are poor in superficial water,
which is generally saline. This is the case of some regions in
southern Algeria, namely BOUDA, ABADLA, etc.

Hence, these areas have a saline or brackish water usually,
withe sunning duration exceeds 14 (h/day) and radiation

intensity exceeds 1200(w/m?), especially in the summer period.

Using the solar desalination process could offer economic,
environmental and social benefits for the drinking water
supply system in these regions. In the last ten years, several
research works have investigated, experimentally and
theoretically, the parameters influencing different solar
distiller’s configurations productivity.

Bechki et al. [1] Studied the effect of shadow of an
intermittent partial coverage on the efficiency of a single basin
double slope solar still. The daily production in the first series
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was found equal to 6.01 (I/m?day). This quantity was
improved by 33.7% in the second series. The third one
consisted of reducing the temperature of the transparent cover
by means of shadows of the intermittent glass cover on the
north side. This procedure allowed an additional 12%
improvement in the daily production of distillate Kabeel et al.
[2-3] Conducted an experimental and theoretical study on two
types of solar stills, namely a conventional inclined solar still
and a cascade solar still, which were tested simultaneously.
They also examined the influence of the depth and width of
the tank on the performance of the solar still. The cascade solar
still was supplied with hot water coming from an evacuated
tube solar collector. To increase the heat exchange surface,
they used a wick on the vertical sides of the cascade distiller.
In this case, the daily efficiencies, for one liter of distillate, for
the cascade and conventional solar distillers was found to be
approximately; 53 and 33.5%, respectively. Conducted a
theoretical study on a single basin double slope solar still. The
first cover glass, transparent and oriented towards the south,
acts as an evaporator; the second one is tinted and oriented
towards the north, and acts as a condenser. They added a black
dye into the basin of the distiller in order to improve the
absorption of the plate and to increase the evaporation surface.
Then, they studied the influence of climate and geometric
parameters on the productivity of the distiller. They also
carried out frequent instantaneous cooling of the transparent



cover, for example every hour. The efficiency was improved
by 55% compared to that of a single basin still. Belhadj [4]
Suggested attaching a condensation cell to a double slope
distiller in order to improve the productivity of the system by
about 60 %, which is higher than that of a conventional
distiller or a solar distiller with capillary film. Morad [5]
Proposed the periodic cooling of the glazing cover of the
distiller. Benhammou Studied the shadow effect of the
reflector on the productivity of the distiller [6-16]. Investigated
the effect of height, thickness and number of fins on the
production of an ordinary distiller; this caused the production
of distilled water to increase by 13.7%, compared to a simple
distiller [17-20].

Purpose of the paper is studied three types solar distillers; a
double slope with and without immersed fins and the simple
solar distiller. A monthly comparative study is investigated
experimentally, for a long period of the year.

The wind speed, distance between fins, height of fins,
number of fins and thickness of the water layer in the basin,
influences on the solar still production, is investigated. Hence
taking into account the shading effect of vertical surfaces on
the productivity of distilled water.

Our result describe for first time the geometrical and
meteorological condition influence on the solar still
production. Knowing that in ADRAR city, during the summer
period the solar radiation intensity reaches its maximum
values, it can exceed 1200 W/m?, as for as the day duration
exceed 14 hours. Those conditions automatically favored the
solar distiller production. For this reason, we propose the
following experiment.

1.1 Theoretical study thermal balance
The mathematical model that describes the operation of a
solar distiller is based on the thermal balances in each element

of the distiller.

1.1.1 For the double slope solar still

AR
Qccomn

Figure 1. Distillation heat balance

The heat balance on the transparent cover of the distiller is
given by the following equation [17, 20-24]:

mgCpg 2= (1-14)(Gy + Go) + (A2 + R + B9 (T, —
Ty) — h? ™ (Ty — Tee) — ho(Ty — Ta) (1)

The thermal balance in water is expressed as follows:

Ae
A

my, Cpy, o = TyQw ((Gl + Gy) L+ G3 Afi) + hfW(Tw -
at » 4,

T,) = (h? +RY + hy*)(T,, — T,) )

On the absorption plate, the balance is given by the
following equation:

daT, Ae Afin
m,Cpy _a: =1,(1-ay)ay ((61 + Gz)—Aff +G; —j ) —
14 14

A
hg_W(Tw - Tg) - é (Tp - Tins) (3)
With Afin = 2. Nfins- H.l and Ap = lW. l

Calculation of the effective area depends on the
determination of the shaded area of a rectangular vertical wall.

Sshaded = L * Lo 4)

H cos(yp—s)
L tanh (5)

Sshaded

S cos(vp—vs)
tanh

(6)

Sshaded
1.2 For the simple slope solar still

The heat balance on the transparent cover of the distiller is
given by the following equation:

myCp, % = (1-1,)(G) + (R + hY + RY-)(T, — T,) — RS ™(T, -
Tee) = ho(Ty — T) (7

The thermal balance in water is expressed as follows:
aTy _ Pw Wg w
my, Cow —* = TuQy (Gy) + h*(T,, — Tg) —(h? +hY +
h*) (T = T) ®)

On the absorption plate, the balance is given by the
following equation:

d A,
mpcpp % = Tu(l - aw)ap(Gl) - hgiw(Tw - Tg) -2 (Tp - Tins) (9)
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2. RESULTS

Experimental result

Figure 2. Experimental bench; a) solar still with fins, b)
simple solar still, ¢) single solar still

The present work intends to present an experimental study
on a solar hot-box distiller, made of a mixture of glass wool
and resin to ensure good thermal insulation. Polyurethane



foam, 5 cm thick, was used to reduce thermal losses from rear
and side walls. This was done in order to increase the
productivity of the distiller and to extend its period of
operation during the diurnal period, while taking advantage of
the energy stored in the basin.

The temperatures were measured using thermocouples
connected to a Fluke 2680 Series data acquisition system. The
radiative intensity was measured using a Kipp & Zonen
pyranometer. Various series of tests were carried out during
the period extending from March 04, 2015 to August 18, 2015.
The temperatures, intensity of the radiative flux and quantity
of distillate produced were evaluated. Two glasses dimensions
57 cm x 131 cm, inclined at an angle of 15°, and a basin
dimensions 93 cm x 125 cm were also used; this gives a
surface area of 1.16m2 The tests were carried out on the
experimental platform of the Research Unit for Renewable
Energies in the Saharan region (URERMS), in ADRAR.

Figure 3 illustrates the evolution of ambient temperature
and the intensity of the total horizontal radiative flux for the
days of January 20 and July 15. It is noted that the ambient
temperature follows the evolution of the solar radiation with a
small offset at the maximum value.
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Figure 3. Ambient temperature and intensity of the overall

horizontal radiative flux

Figure 4 shows the variation in the temperatures T2, T3, T4,
T5, T6 and T7 of the different components in the distiller,
namely the temperatures of the basin, horizontal plate, vertical
plate, water, inner and outer faces of glass, for the day of July
05. It can clearly be noted that the temperatures follow the
evolution of the solar radiation and that the temperature of the
plate and that of brine are very close; however, the
temperatures of the inner and outer faces of the glazing are
significantly lower than that of brine, by 10 to 20 °C. The
temperature gradient between glass and brine has a
considerable effect on the productivity of the distiller.

It was found that the temperature of the cover glass
coincides with the measured temperature of the inner face of
this same cover. As for the temperature of brine, according to
the results of Figure 5, it can be seen that from 8 a.m. to 1 p.m.
the mathematical model describes very well the system, and
the curves overlap. In the afternoon, the calculated values are
slightly higher than those measured. This discrepancy may be
explained by the simplifying assumptions made in the
modeling of the system.
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Figure 5. Comparison of theoretical and experimental results

Figure 6 illustrates the production of the distiller for brine
thicknesses equal to 2, 3, 5, 6, 7 and 8 cm, corresponding to
briny water masses in the basin of 21.3, 31.95, 42.61, 53.26,
63.92, 74.57 and 85.22 kg, respectively. It was found that
increasing the water mass in the basin, from 21.3 to 53.26 kg,
causes an increase in the productivity of the distiller. Beyond
the mass of 53.26 kg, the opposite effect occurs, i.e. the
production decreases.
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Figure 6. Production of the distiller for different thicknesses
of brine

Moreover, an increase in the wind speed beyond 3.5 m/s
leads a decrease in the production of the distiller. This may be
explained by the cooling of the system (Figure 7).
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Figure 7. Influence of wind speed on production

Figure 8 depicts the production of the distiller for a distance
between fins of 5 and 8 cm. In both cases, the brine thickness
varied from 3.6 to 5 cm, for the day of June 11. It was found
that the distance between fins does not have a significant effect
on the productivity of the distiller.
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Figure 8. Influence of the distance between fins on
production

Increasing the number of fins resulted in a rise in the
production of the distiller, and this can be explained by the
increase in the heat exchange surface since the absorption plate
receives a greater amount of solar energy compared to the case
without fins (Figure 9).
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Figure 9. Influence of the number of fins on production.

The entire production of the modified and simple solar still
increases with 3% and 1% respectively compared to the single
slope solar still production. The July production is about 200
kg, as shown in figure 10.
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Figure 10. Monthly solar sill’s production

3. COST ESTIMATION

The total annual cost is estimated at about 55.71 $, and costs
estimation of the various components is given in Table
1(1$=118.25DZD). For example, if the interest rate is 8% and
the system life is 5 years, the annual production is close to
2499.5281 kg, gives a product cost 0f 0,02 $. Knowing that the
average latent heat needed to evaporate one kilogram is 0.65
kWh, we will need 1624.7 kWh to produce 2499.5281
kilograms of distilled water. According to the annual cost of
55.71 $, the cost of one kWh will be 0.03 $/ kWh. It has been
found that the lifetime increasing and the interest rate
decreasing caused a decrease in the unit price. As shown in
figure 11.

Table 1. The various components solar still Cost

estimation

Materials Quantity
Polyurethane foam 2 $42,28
Silicone adhesive 3 $10,15
Glass of 3mm 2m? $41,57
Resin Skg $25,37
Glass wool for the thermal insulation 2m? $16,91

(0.05 m thickness)

Labour cost (2 workers, 4 day) $81,18
Total cost $217,46
Various accessories 10% $21,75
The capital cost of the system CC $239,21
Depreciation value S (25% CC) $42,28

1Bniazalns

Figure 11. The lifetime and the interest rate influence on the
unit price



4. CONCLUSION

The present work presents a theoretical and experimental
study of three type’s solar distillers, double slope with and
without immersed fins and the simple solar distiller. A
monthly comparative study is investigated experimentally, for
a long period of the year. The influence of wind speed,
distance between fins, height of fins, the number of fins and
the mass of water in the basin, on the production of the distiller
was investigated. The results obtained show that when the
wind speed is more than 3.5 m/s, the productivity of the
distiller drops, as the outer walls of the distiller cool more
quickly, and this increases the heat losses. It was found that
the distance between fins does not have a significant influence
on the productivity of the distiller. The fins number increase
causes an increase in the distillate quantity. Therefore, it is
possible to install the highest fins number. The water mass
increase causes a decrease in productivity. For the day of June
11, and under conditions where h; = 3.6 cm, Vwind = 3.5 m/s,
Iwater = 5 cm, Nfins = 12 and for a mass of water of mwater
=21.3, 31.95, 42.61, 53.26, 85.22 kg, the production of the
distiller, with immersed fins, increased by 21, 25, 27, 27 and
15%, respectively, compared to that of a conventional distiller.
The estimated cost per kg of distillate was between 0.9 $ for
the first year and 0.01 $ for ten year lifetimes.

The best available estimate of the measured values of the
daily distiller production from the month of March to August
is fond that the average = 6,616 Kg. The variance of the values
due to random variations is; variance = 2.311 Kg? The

experimental standard deviation; standard deviation = 1.52 Kg.

The experimental standard deviation of the mean; variance of
mean = 0.027 Kg2. In addition, a standard uncertainty = 0.165
Kg. And the relative standard uncertainty = 0.025.

Table 2. Measurements accuracy range

No. Instrument Accuracy Range
1. Thermocouple J +0.0102 °C -30-150 °C
2. Kipp—Zonen +0.05 0-5000 W/m?
solarimeter W/m?
3. Measuring beaker +0.05 ml 0-3000 ml
4.  acquisition Fluke 2680 +0.2mV 300mVO0°c to
60°c
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NOMENCLATURE

Yp Azimuthal angle of the plane

Y's Solar azimuth

Gl Radiation received by a 15 ° inclined plane
facing the south

G2 Radiation received by a 15 ° inclined plane
facing the north

Subscripts

w Water

g Glass

p Plate
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