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Abstract

There is a problem of potable water shortage in many parts of the world nowadays. For many developing
countries, desalination using solar energy is the solution to overcome this issue. This paper investigates
the performance of a solar still using the convex lenses on the glass cover, and radiating surfaces below
the lens to increase the solar radiation inside the solar still. The results of this investigation indicate that
using of a convex lens and radiating surfaces can signi�cantly increase the daily productivity and the
e�ciency of the single basin solar still. Experiments were carried out during March 29 to June 6, 2016,
at Sabratha Engineering College, Libya. The amount of distilled water was measured starting from 10
A.M to 4 P.M each day. The results showed that the maximum daily productivity and e�ciency of the
new still with a convex lens and radiating surfaces was 2.248 L/day and 63.64% respectively at 4:00 PM
on May 26, 2016.
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1. Introduction

The drinking water shortage is one of the biggest
problems in developing countries. It is known that
the fresh water represents only 3% of water on the
earth. Only 1% is available for human use, and
the rest is polar ice[1]. Nowadays the industrial
e�uents and sewage disposal resulted in pollution
in rivers and lakes which led to a scarcity of fresh
water in many big cities around the world. Sea wa-
ter is the only available source for a large amount
of water, but it contains high salinity, so it needs
to desalination. Desalination methods use a large
amount of energy to remove a portion of pure wa-
ter from a salt-water source. Solar stills are widely
used in solar desalination. The single-slope solar
still is the most popular due to its simple design,
lower cost, better performance, and easy in oper-
ational and constructional procedures when com-
pared to other types of solar stills but has low pro-

ductivity per unit area. Di�erent experimental and
theoretical investigations were conducted by many
researchers on the single basin solar still to increase
the productivity[2], [3]. During last decades, many
researchers around the world presented a lot of math-
ematical modeling, theoretical analysis, and com-
puter simulation of di�erent designs of solar stills
in some articles[4]�[6]. They also tested a number
of designs and modi�cations to the conventional so-
lar still. Many researchers studied the design and
operational factors a�ecting the solar still produc-
tivity such as glass cover cooling[7], glass cover in-
clination[8], basin insulation, basin water depth[9],
[10], and absorbing materials[11], [12]. Other re-
searchers studied the e�ect of local factors such as
solar radiation[13], ambient temperature[14], wind
velocity[15], on the productivity of the solar still.
To increase the heat transfer rate inside the solar
still, many researchers used �ns for[16],[17]. Adding
�ns in the basin of a conventional single basin still
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decreased the preheating time required for evapo-
rating the still basin water. Using �ns in the solar
still also increase the area of the absorber plate.
Hence, absorber plate temperature and saline wa-
ter temperature increased. As the temperature dif-
ference between water and glass increases, produc-
tivity increased. Velmurugan et al. designed and
tested an experimental setup of solar stills with �n
and concluded that the temperature di�erence be-
tween water and glass increases if �ns were used and
in turn average daily productivity increases. They
found that the productivity is increased by 45.5%
[16]. Velmurugan et al. [18] found that when us-
ing �n type solar still with black rubber, sand, or
sponge immersed in the basin water, the productiv-
ity was increased by 58% to 70%. Adding sponge
cubes in the basin greatly enhance the productiv-
ity of the single basin solar still. This method will
increase the brine free surface and the evaporation
rate. Bassam Abu-Hijileh et al. [19] reported that
the increase in distillate production reaches 273%
compared with the still without sponge cubes under
the same condition. Another promising method for
increasing the productivity of the single basin so-
lar is to increase the radiation intensity and, hence
the temperature inside the still. This is done by
using Fresnel lens concentrated solar power tech-
nology or convex lens integrated on the glass cover
of the solar still. Fresnel lens is invented �rstly
in 1822 by a French mathematician and physicist,
Augustin Jean Fresnel [20]. The working Principle
of the lens is based on the law of refraction ac-
cording to which a light ray travels in a straight
path in a homogeneous transparent medium, but
when it passes through the interface of a transpar-
ent medium having di�erent density; it gets devi-
ated from its original path at the interface. When
a light beam enters from a rarer medium to denser
medium, it refracts towards the normal. However,
when the light beam enters from denser medium
to rarer medium, it refracts away from the nor-
mal due to change in velocity of light in a di�er-
ent medium as resistance o�ered by the medium
also changes. Fresnel lens is modi�ed from the con-
ventional lens, in which the contour pro�le of the
conventional lens is maintained and undesired ma-
terial removed, thus absorption losses and material
requirement reduced substantially [21]. A Convex
Lens is characterized by that all incoming rays that
are parallel to the principal axis of the lens con-
verging to a single point on the other side of the
lens called the focal point f of the lens. Its dis-

tance from the lens is called the focal length f of
the lens. There are limited previous works[22] done
on the point focused solar collector system by us-
ing the convex lens for thermal applications. S.
A. El-Agouz [23] presented a comparison between
modi�ed solar still with a convex lens on the glass
cover and conventional solar still to evaluate the en-
hanced performance system under the same climate
conditions. The results indicated that the produc-
tivity of the modi�ed still with the convex lens is
higher by 26.64% than that for conventional still at
water mass of 30 kg. On the other hand, a convex
lens and black stone is higher than that for con-
ventional solar still by 35.55 % at the same water
mass. This paper investigates a modi�cation to the
conventional solar still by using 12 convex lenses
on glass cover and radiating surfaces at the foci of
lenses, to collect the solar radiation and increase the
temperature di�erence between the glass cover and
surface of basin water. The e�ect of modi�ed solar
still using convex lenses and radiating surfaces on
the daily distillate productivity and still e�ciency
is investigated.

2. Experimental Procedure

The experimental work is done under local climate
conditions of Sabratha City in Libya (latitude 32.8°
N, longitude 12.5°E) at the roof of Environmental
Engineering department an open area from 29th
March 2016 6th June 2016. The readings are taken
from 10:00 AM to 4:00 PM. The solar still have an
e�ective horizontal surface area of 1 m2. The basin
liners are covered with black rubber and black stone
to improve the solar energy absorption. The glass
cover is mounted at an inclination angle of 30° to
ensure that condensate on its inner surface will �ow
down the glass cover into the condensate-collecting
channel. Silicon rubber is used to prevent leakage
from any gap between the glass cover and the still
box. The solar still box is made of �berglass to pre-
vent corrosion and reduce heat losses from the wall
sides and the bottom of the basin. A photograph
of the experimental setup for the glass cover with
convex lenses and radiating surfaces are shown in
Figure (2.1) and Figure (2.2) respectively.
The temperatures of inlet and outlet seawater, in-
ner and outer glass cover, radiating surfaces, inner
spaces of the still and ambient are measured con-
tinuously every 15 minutes by copper�constantan
thermocouples with an accuracy of 0.1 °C using a
data logger. A Kipp-Zonen pyranometer with an
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accuracy of 3% is used for measurement of solar ir-
radiance manually every 15 minutes. The distilled
water is collected and measured on an hourly basis
using a calibrated �ask provided below the basin.
The wind velocity is measured by using anemome-
ter TM-401 with an accuracy of ± 0.1 m/s.

Figure 2.1: Modi�ed solar still with radiating surface and

convex lenses on the cover glass

Figure 2.2: Modi�ed solar still with Radiating Surfaces

inside the basin

3. Results and Discussion

The variation of the solar radiation (I) , the ambi-
ent temperature (Tamb) , the basin temperature at
upper side (Tbu) , the basin temperature at lower
side (Tbl) , the upper glass temperature (Tgu) ,
the Lower glass temperature (Tgl) , the brine inlet
temperature (Twin), the brine outlet temperature
(Twou) , the temperature of the radiating surface
(Trsur) and the Temperature of the vapor inside
the still (Tvap)on 4th of June 2016 are shown in
Figure (3.1) It is noticed that all temperatures in-
crease as the time increase till they reach their max-
imum values at noon, then they start to decrease
after that. The reason is that solar radiation in-
tensity increases in the morning, and its reaches its

maximum value at the noon, then it starts to de-
crease by the afternoon, and it is dependent on the
wind velocity. The variation of ambient temper-
ature is between 26�29 °C and solar radiation re-
ceived during the study is between 708�998 W/m2.
The convex lenses concentrate the solar radiation at
their focii on the surface of the radiating plate, and
this increases the water temperature and decreases
the glass cover temperature. Thus the temperature
di�erence between the water and glass increases.

Figure 3.1: Hourly variation of the solar radiation and

temperature of the modi�ed solar still on June 4, 2016

The productivity of the modi�ed solar stills on an
accumulative hourly basis for di�erent days is pre-
sented in Figure (3.2). The results showed that the
productivity of the modi�ed still with lenses and
radiating surface starts from zero in the morning
when the experiment is started, then it increases
gradually as the solar radiation starts to increase.
This increase in the solar radiation results to in-
crease in the water evaporation and condensation
due to the temperature di�erence between the wa-
ter the glass cover. The results indicated that the
highest daily productivity for modi�ed and conven-
tional solar stills is 2.228 L/day and 2.216 L/day on
24th and 26th of June 2016 respectively. The e�-
ciency of the modi�ed solar stills on an hourly ba-
sis for di�erent days is shown in Figure (4.1). The
hourly and daily e�ciency are calculated from the
following relation:

ηh =
Mw,h ∗ Lw,av/3600

(Ab ∗ I + Ppump)
(3.1)
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ηd =
Mw,d ∗ Lw,av/3600
n∑
1
(Ab ∗ I + Ppump)

(3.2)

Where

(ηh) and (ηd) are the hourly and the daily e�ciency
respectively.

(Mw,h) and (Mw,d) are the hourly and the daily
productivity respectively in (kg/hr) .

(Ab) is the basin area
(
1.0m2

)
.

(Ppump) is the power of pump in (W ) .

(I) is the incident solar radiation on the horizontal
surface in

(
W/m2

)
.

(n ) is the number of e�ective running hours.

(Lw,av) is the average of the latent heat of vapor-
ization of water in(J/kg) .

(Lw,av) depends on the Basin water temperature
(Tw) by the following correlation:

Lw,av = 103 ∗ (2501.9− 2.40706Tw+

1.192217T 2
w − 1.5863 ∗ 10−5Tw) (3.3)

It is noticed that the e�ciency of the modi�ed so-
lar still depends mainly on the productivity which
depends on the solar radiation and the convex lens
and the radiation surfaces. The highest value ob-
tained for the e�ciency is 63.64% on 26th June
2016.

Figure 3.2: The productivity of the modi�ed solar stills on

hourly basis for di�erent days

4. Conclusion

In the present study, the performance of the modi-
�ed solar still using lenses and the radiating surface
is investigated experimentally. The performance is
expressed in terms of the maximum productivity
and e�ciency gained during the experiment time.
Based on the obtained results, the following con-
clusions can be drawn:

1. The highest productivity of the modi�ed still with
a convex lens and radiating surface is 2.248 L/day
at mass water 20 kg.

2. The maximum e�ciency of the modi�ed still with
a convex lens and radiating surface is 63.64% at
mass water 20 kg.

Figure 4.1: The e�ciency of the modi�ed solar stills on

hourly basis for di�erent days
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