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ABSTRACT

Over the past decade, the demands for fresh water and energy are growing faster than ever.
The use of renewable energy, for seawater and brackish water desalination, is increasing
and is currently under the spot light of international conferences. This article presents a the-
oretical and experimental work performed on a solar still with a pin fins absorber plate. In
this work, a conventional active solar still, with a basin area of 0.5 m2 and a glass cover at
an inclination of 30˚ to the horizontal fixed on the top part of the still, has been designed,
and tested with conventional absorber plate (thin-layer absorber plate), and pin fins absor-
ber plate under the same climatic condition. Desalination of the brackish water using a solar
still with conventional absorber plate and pin fins absorber plate is theoretically and experi-
mentally compared. The heat transfer energy balance equations for the various elements of
the active solar still are formulated, numerically solved, and validated. The experiments
were conducted in the High Institute of Technological studies of Gafsa, Tunisia, during two
successive winter days, 21 and 22 January 2014, respectively, for the conventional and mod-
ified solar still. The results show that using the pin fins absorber plate in the active solar
still increases the daily productivity by 12%.
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1. Introduction

As the world’s population grows in number and
riches, the demands for water and energy are increasing
faster than ever [1]. Fresh water is a basic human need
for living, development, and economical progress;
approximately 71% of the earth’s surface is covered
with water. Unfortunately, 97% of this water is salt

water in seas and oceans. This amount of water is not
directly available for use. Regional shortages of potable
water become more prevalent in many developing
countries, and safely drinkable water remains inaccessi-
ble for about 1.1 billion people in the world [2,3].
Because of this, research, development, and optimiza-
tion of desalination system are fundamental for human
life. Solar stills have long been the simplest way and a
good technological solution of using solar radiation to
produce fresh water. This constitutes a viable option in*Corresponding author.
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places where other water sources are limited or unavail-
able [4–6].

Solar still is a simple device that takes heat from
solar radiation to evaporate salt water. After, it returns
this heat to the environment, that is, when vapor con-
denses onto the transparent covers [7]. The productiv-
ity of the solar still is very small compared with the
expensive technologies for desalination systems such
as reverse osmosis, vapor compression, solvent extrac-
tion, phase change, ion exchange, and electrodialysis.
The production capacity of a simple type still is in the
range of 2–5 l/m2/d [8,9].

Several experimental and numerical researches
have been developed in order to enhance the produc-
tivity and the thermal efficiency of the solar stills by
improving design [10–12] and changing parameters
such as orientation and glass cover inclination [13–15].
The productivity of the active solar still can also be
increased by adding other devices such as using inter-
nal and external reflectors [14–17], adding heat energy
storage system [18,19], using photovoltaic energy
[20,21].

The aim of the present work is to analyze the use
of pin fins absorber plate in the solar still. The pin fins
increase the surface area of the absorber in contact
with water; hence, absorber–basin water heat transfer
and basin water temperature increased witch conduct
to improve the productivity. The modified solar still is
compared to the conventional one. Thus, a conven-
tional active solar still with a basin area of 0.5 m2, and
a 30˚ inclination glass cover to the horizontal has been
designed, manufactured, and tested with conventional
absorber plate (thin-layer absorber plate), and pin fins
absorber plate under the same climatic condition.

2. System description

Fig. 1(a) and (b) show, respectively, a picture and
a schematic diagram of the solar still experimental
setup. In this work, solar still of 0.5 m2 of surface area
was designed and made of plywood, covered with
polystyrene in inner sides and painted black to reduce
the vapor condensation on the walls. A glass cover at
an inclination of 30˚ to the horizontal fixed on the top
part of the still. Moving mirror was used to collect
and reflect more solar energy on the still box. Two
types of absorber plate are made: a simple thin layer
of absorber plate painted black and a pin fins absorber
plate painted black (Fig. 2). The pin fins are black-
painted steel rods with a diameter of 0.3 cm and a
length of 6 cm, and also spaced from each others by
1.5 cm. The absorber plate was placed horizontally
inside the box to optimize absorption of solar radia-
tion. The basin is filled by brackish water which is

heated by solar radiations passed through the glass
cover. Then, vapor flows upward and condenses when
it gets into contact with the inner side of the glass
cover. This is due to the effect of the temperature dif-
ference between the brackish water surface and the
inner glass cover surface.

(a)

(b)

Fig. 1. (a) Solar still with moving mirror. (b) Cross-section
of a solar still experimental setup.

Fig. 2. Pin fins absorber plate.
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3. Error analysis

The measured experimental data generally include
some errors due to the uncertainty of the measuring
process and the limited precision of the experimental
instruments. These measured errors may affect the
accuracy of results. The minimum error occurred in an
instrument is equal to the ratio between its least count
and minimum value of the output measured [22,23].
Thermometer, flask, and solarimeter are used for mea-
suring temperature, distilled collection, and solar inten-
sity, respectively. The accuracies of these instruments
used in the experiments are given in Table 1.

4. Mathematical model of the present system

Several assumptions are made to establish the
energy balances of the solar still.

(1) The level of water in the basin is maintained
constant.

(2) Water layer temperatures are supposed
homogeneous.

(3) The solar still is vapor-leakage proof.
(4) Glass cover temperature is supposed

homogeneous.
(5) Absorber plate temperature is supposed

homogeneous.

Fig. 3 shows the principle of heat transfer mecha-
nisms in the solar still. The energy balance equation
for the glass covers, the brackish water, and the basin
plate of the solar still can be written as follows:

4.1. Thermal energy balance of the glass cover

mglsCp;gls

Agls

dTgls

dt
¼ Fgls � I þ qcv;w�gls þ qevap;w�gls þ qrd;w�gls

� qrd;gls�sky � qcv;gls�amb

(1)

4.2. Thermal energy balance of the brackish water

mwCp;w

Aw

dTw

dt
¼ Fw � I þ qcv;b�w � qcv;w�gls � qevap;w�gls

� qrd;w�gls � qfw � qloss;sw�amb (2)

4.3. Thermal energy balance of the basin

mbCp;b

Ab

dTb

dt
¼ Fb � I � qcv;b�w � qloss;b�amb (3)

In this study, the emissivity and absorptivity of the
pin fins are assumed equal to 1. Then, the values of
the solar absorption factor F are given by [24,25]:

Fgls ¼ agls (4)

Fw ¼ awsgls (5)

Fabs ¼ absgls 1� aw � qwð Þ (6)

The evaporative and convective heat transfer flux den-
sity between brackish water and glass cover are given
by:

Table 1
Accuracies and errors for measuring instruments

Instrument Accuracy Range % Error

Solarimeter ±10 W/m2 0–2,000 W/m2 5
Digital thermometer ±0.1˚C −50 to 300˚C 0.25
Calibrated flask ±5 ml 0–250 ml 5

Fig. 3. Schematic diagram of heat transfer mechanisms in
the solar still.
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qevap;w�gls ¼ hevap;w�gls Tw � Tgls

� �
(7)

qcv;w�gls ¼ hcv;w�gls Tw � Tgls

� �
(8)

The convective and the evaporative correlation
between the water surface and the glass cover were
initially proposed by Dunkle correlation [26] to esti-
mate the heat and mass transport in a closed solar
still. The proposed mathematical model assuming that
the driving force for the convective heat transfer is
enhanced beyond the level imposed by the tempera-
ture differential as occurs in ordinary thermal systems.
The correlation was derived under the assumption of
the still temperatures often exceeds 50˚C and negligi-
ble partial vapor pressures. The evaporative and con-
vective heat transfer coefficient between water and
glass cover can be given by [7,10,27]:

hevap;w�gls ¼ 16:173� 10�3 � hcv;gls�w
Pw � Pgls

� �
Tw � Tgls

� � (9)

hcv;w�gls ¼ 0:884 Tw � Tgls

� �þ Pw � Pg

� � � Tw

268; 900� Pw

� �1
3

(10)

The convective heat transfer flux density between the
glass cover and the ambient is given by:

qcv;gls�amb ¼ hcv;gls�amb Tgls � Tamb

� �
(11)

The heat loss transfer coefficient between the glass
cover and the environment is given by [24]:

hcv;gls�amb ¼ 2:8þ 3 � uwind uwind � 5ms�1 (12)

hcv;gls�amb ¼ 6:15 � u0:8wind uwind [ 5ms�1 (13)

where uwind is the average wind velocity.
The convective heat transfer flux density between

basin and brackish water is given by:

qcv;b�w ¼ hcv;b�w � Tb � Twð Þ (14)

The convective heat transfer coefficient between basin
and water, hcv,b−w is taken as 120 W/m2 K, for the
conventional one and 150 for the pin fins absorber
plate.

The flux density of the radiative heat transfer
between the brackish water and the glass cover is
given by:

qrd;w�gls ¼ hrd;w�gls Tw � Tgls

� �
(15)

The radiative heat transfer coefficient between glass
cover and brackish is given by Duffie and Beckman
[25]:

hrdw�gls ¼ r � egls�w � T2
gls þ T2

w

� �
� Tgls þ Tw

� �
(16)

where

egls�w ¼ 1

egls
þ 1

ew
� 1

� 	�1

(17)

The flux density of the radiative heat between the
brackish water and the internal glass is given by:

qrd;gls�sky ¼ hrd;gls�sky Tgls � Tsky

� �
(18)

The radiative heat transfer coefficient between glass
and sky is given by Duffie and Beckman [25],

hrd;gls�sky ¼ r � egls � T2
gls þ T2

sky

� �
� Tgls þ Tsky

� �
(19)

The sky temperature is suggested to be related to the
local absolute air ambience temperature by the simple
relation [28]:

Tsky ¼ 0:0552T1:5
amb (20)

The feed water takes heat from basin, the heat taken
by the replaced water is estimated by:

qfw ¼ _mfwCp;fw � Tw � Tfwð Þ (21)

The heat losses by convection through the side wall to
surrounding are given by:

qloss;sw�amb ¼ Asw �Usw � Tw � Tambð Þ (22)

The heat losses by convection through the basin base
to the ground and surrounding are given by:

qloss;b�amb ¼ Ab �Ub � Tb � Tambð Þ (23)

1708 C. Ali et al. / Desalination and Water Treatment 56 (2015) 1705–1711 1708



5. Numerical and experimental results and
discussion

Numerical and experimental results were per-
formed to evaluate the performance of the solar still
compared to the conventional one under the outdoors
climatic conditions of Gafsa—Tunisia. The numerical
results for the solar still are obtained by solving the
energy balances of the mathematical model. The
experiments were conducted in the High Institute of
Technological Studies of Gafsa in the south of Tunisia
during two successive winter days, 21 and 22 January
2014, respectively, for solar still with the conventional
absorber plate and modified solar still with pin fins
absorber plate. The tests started around 8:30 am to
6 pm. Ambient temperature, brackish water tempera-
ture, glass cover temperatures, and solar radiation
were taken every 60 min. The water depth in the basin
is maintained at 3.5 cm.

Fig. 4 shows the ambient temperature and solar
radiation during the two successive testing days, 21
January 2014 testing the conventional solar still with
the thin-layer absorber plate and 22 January 2014 test-
ing the modified solar still with the pin fins absorber
plate. Therefore, the solar radiation and temperature
profiles, respectively, for the two testing days are
approximately the same with too little differences.
Then, we assumed that the conventional and modified
solar stills are experienced at the same climatic
conditions. Hence, the results for the two types can be
compared.

Fig. 5 illustrates the experimental water and glass
temperature of the modified still and the conventional
one. It is noticed that the brackish water and glass
cover temperatures of the conventional solar still are
lower than those for the modified solar still. Figs. 6
and 7 show, respectively, the experimental and

numerical results of the variation of the brackish water
temperature and glass cover temperature of modified
and conventional solar still. It is observed that the
temperatures of the two solar stills augment as the
solar radiation increases until they achieve their maxi-
mum values around midday and then diminish with
the decrease of solar radiation.

Fig. 8 illustrates the experimental results of the of
fresh water productivity variation per unit area dur-
ing the two testing days. It can be noted that the fresh
water productivity for the second day, solar still with
pin fins absorber plate, is greater than that of first
day, conventional absorber plate. It can be observed
that maximum productivity occurs at maximum tem-
perature of the brackish water. Also, it is found that
the daily productivity of the modified solar still is
increased by 12% with regard to the conventional
one.

Fig. 4. Hourly ambient temperature and solar radiation
during the two testing days.

Fig. 5. Experimental temperature variations of water and
glass for the modified and conventional still.

Fig. 6. Experimental and numerical temperature variations
of brackish water for the two solar stills.

1709 C. Ali et al. / Desalination and Water Treatment 56 (2015) 1705–1711



6. Conclusion

On the basis of this work, the following conclu-
sions and recommendations can be inferred:

(1) A conventional active solar still is manufac-
tured and tested with two types of absorber
plate under the same climatic conditions.

(2) Water and glass cover temperatures of the
conventional and modified solar still are theo-
retically predicted and validated experimen-
tally.

(3) Experimental and theoretical studies show
that performance of still with pin fins absorber

plate is better than the conventional one.
However, the performance difference between
conventional and modified solar still is small.
This is due to the little difference between
their surface areas exchange. The heat and
mass transfer is enhanced when surface
exchange is increased.

(4) The daily productivity of the still with pin fins
absorber plate is increased by 12% compared
to the conventional one.

(5) The simple design and manufacturing of the
active solar still with integrated condenser
permits a simple way to provide fresh water
for drinking and domestic applications.

(6) Many parameters should be optimized to
increase the performance of a solar still such
as basin water depth, shape, design, wind
velocity, weather conditions, insulations, etc.

(7) The system can be used to produce fresh
water to satisfy the need for domestic use
with a low operation and maintenance cost.

Nomenclature
A — area, m2

Cp — specific heat, J kg−1 K−1

F — solar radiation absorption factor
h — heat transfer coefficient, W m−2 K−1

I — incident solar power, W m−2

m — mass, kg
T — temperature, K
t — time, s
q — heat flux density, W m−2

u — velocity, m s−1

Greek letters
α — absorptivity
τ — transmissivity
ρ — reflectance
σ — Stefan–Boltzmann constant
ε — emissivity

Subscripts
amb — ambient
b — absorber
cv — convection
evap — evaporation
fw — feed water
gls — glass
loss — loss
rd — radiation
sky — sky
sw — side well
w — brackish water

Fig. 7. Experimental and numerical temperature variations
of glass cover for the two solar stills.

Fig. 8. Variation of fresh water productivity for the two
solar stills.
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