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Abstract 

Desalination of ground brackish water by solar powered systems is a practical and promising technology for producing 
potable water in the regions which suffers from water scarcity especially in arid areas. In remote and arid areas in Jordan with 
low infrastructure and without connection to the national grid, the abundant solar radiation intensity along the year, and the 
available brackish water resources are two favorable conditions for using the desalination solar technology to produce the 
fresh water, even for domestic use. Based on these conditions, a small-scale solar powered desalination system has been 
constructed and operated. The present study aims to improve the solar still performance, and to increase its productivity. So it 
is necessary to evaluate some important parameters affecting the system productivity. The effect of water depth in the basin 
on the water productivity was evaluated. In the same time, the effect of the deign and operational parameters on the solar 
desalination process were investigated. Different depths of brackish water (0.5cm, 2cm, 3cm, and 4cm) with TDS of 
5000ppm were tested under the same climatic conditions in Mutah University. A six months study showed that the still 
productivity is strongly dependent on the climatic, design and operational conditions. The obtained results showed that the 
decreased water depth has a significant effect on the increased water productivity, while the performance characteristics 
showed that the water productivity was closely related to the incident solar radiation intensity. The balanced conditions 
between the increased evaporation rate and the rapid condensation ware due to the merit contribution of the carefully applied 
glass cover cooling. 
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1. Introduction 

Desalination method has long been considered as the 
practical solution for the current and future demand of 
potable water. Desalination process is used to reduce the 
Total Dissolved Solids (with TDS of 5000 p.p.m and 
above) to an acceptable level of TDS equal to 500 p.p.m. 
Different desalination technologies can be applied. 
Desalination of ground brackish water by solar powered 
systems, is a practical and promising technology for 
producing potable water in the regions which suffers from 
water scarcity especially in the remote arid areas [1]. The 
rapid population growth, along with the expected social 
and economic development will increase the demand for 
water in such a way that the future water reserve in Jordan 
will not meet such a demand. Jordan in particular will face 
sever shortage of fresh water [2,3]. The 1998 water crisis 
is a good example.   

In remote and arid areas in Jordan with low 
infrastructure and without connection to the national grid, 
the abundant solar radiation intensity along the year, and 
the available brackish water resources are two favorable 

conditions for using the solar powered desalination 
technology to produce the fresh water, even for domestic 
use. A small scale solar desalination technology, might to 
be technically and economically viable to cope with water 
scarcity, and it is recommended to be used in the remote 
and isolated communities, particularly for those areas 
which enjoys with abundant solar radiation intensity. 
Desalination of brackish water was expanded rapidly to 
support urban and industrial developments in the arid 
areas, good results were published by some researchers in 
the field of solar desalination [4,5].The recent sharp 
increase in energy prices makes the solar desalination 
technique a more attractive method for obtaining fresh 
water. Furthermore, the valuable solar radiation intensity 
which Jordan enjoys (5.5 kwh/m2.day (19.8 MJ/m2.day)), 
along with the high average sunshine duration (3300 
hrs/year (300 days/year)), with 9-10 daylight hours for the 
most geographical locations encourages the use of such a 
solar resource. Data for the years 1960-2005 obtained from 
the Jordan Meteorological Department (JMD) encourages 
further research activities in the field of solar energy 
application. In order to enhance the solar stills 
productivity, numerous groups around the world have 
contributed to improve the solar desalination technology, 
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by evaluating the influence of some important parameters 
on the system performance. The effect of climatic 
conditions; deign and operational conditions and 
geographical location on the water productivity 
[6,7,8,9,10, 11] were investigated. It is well known that the 
distillate output decreases significantly with the increase of 
water depth in the basin of the solar still; also, with the 
same solar irradiance the evaporation rate increases  with 
the reduced mass of water on the absorber pate [12,13]. 
The effect of these parameters on the solar powered 
desalination process were evaluated before starting the 
experimental phase of the present work. Based on these 
information, the  effect of water depth in the basin of solar 
still was evaluated. In the same time, the effect of the 
deign and operational parameters on the solar desalination 
process were investigated. Different depths of brackish 
water with TDS of 5000ppm (0.5cm, 2cm, 3cm, and 4cm) 
were tested under the same climatic conditions in Mutah 
University. Two greenhouse type solar stills were 
constructed and used. Both solar stills were utilized under 
the same operational conditions. The obtained results 
showed a significant increase in the amount of produced 
water especially for the tested depth of a brackish with 0.5 
cm whereas; the fastest condensation rate was achieved  
after applying the method of cooling the glass cover. 

2. System 

2.1. System Description  

Major handicaps which influence the still performance 
such as: dry spots and scale formation, air-tight conditions, 
glass cover inclination were investigated by different 
researchers; and good results were published [9,10,13,14]. 
The major handicaps that negatively influence the solar 
still productivity were taken in consideration, and some 
improvements on the design and operational conditions 
were made. In order to successfully perform the 
experimental investigation and to accurately evaluate the 
effect of water depth on the increased water productivity, it 
was necessary to investigate many depths of water under 
the same operational conditions. For that reason, two 
symmetrical greenhouse-type solar stills were constructed, 
and some improvements were made. Basically, each unit 
consists of the following parts as shown schematically in 
Figure 1: 
1. The Aluminum metal is a good conductor and 

concentrate the heat energy at the surface layer, so 
the black-painted absorbing plate is made of 3 mm 
thick Aluminum sheet with an absorbing area of 
1m2 (1.25*0.8), four uniformly distributed points of 
support are placed under the absorbing plate to 
provide the correct water level, as well as to prevent 
the tendency of deflection that can cause the 
formation of dry-spots. 

 
Figure 1: Schematic sketch of the testing unit (solar still) used in 
the present work 

2. The airtight glass cover is formed of two glass 
sheets (4 mm thick) with an inclination of 40o. Both 
sheets are supported on the steel frame and properly 
sealed with rubber to prevent the air leakage. 

3. The insulated outer tank, in which 8 cm of rock 
wool is properly placed on all the basin sides and 
bottom, is enclosed within 2 cm wooden box and 
externally is surrounded by 0.3 galvanized iron-
sheet. 

4. In each solar still twelve thermocouples are 
uniformly distributed on the centerlines of the glass 
sheets and the basin plate in order to measure 
accurately the temperature variation 

5. Brackish  or saline water (sample of Brackish 
ground water collected from Al-Tanoor dam and 
Alkafrein-Hisban with  TDS of about 5000 p.p.m). 
Feed water can be fed continuously or intermittently 
by two methods. In the first method, the feed water 
can be fed to the lower tank through the feed water 
header, after filling the lower tank, an over-flow of 
brackish water is fed to the  upper basin through 
number of small drilled holes (3mm in diameter) 
distributed on the inside perimeter of the upper 
basin. While in the second method the brackish 
water is fed directly to the upper basin through a 
steel pipe that is centrally placed above the basin 
plate with 5 cm, the steel pipe has sufficient number 
of drilled hole to ensure better water distribution on 
the absorbing plate. 

6. The collecting channel is made by PVC and placed 
on the base of the glass cover with an inclination of 
5o towards the collecting header in order to speed up 
the condensate velocity and to avoid the tendency of 
re-evaporation. 

7. Two sprinklers are constructed and installed on the 
top part of each solar still in order to ease splashing 
method and to cool the glass cover.  

8. Black plastic jackets (polyethylene) with the same 
dimensions of the inner basin are made in order to 
eliminate the maintenance cost as well as the effort 
of cleaning the deposited scales on the absorbing 
plate. The properties of selected thermoplastic 
polyethylene high density material (PE-HD) are 
indicated in Table 1 
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Table 1: Properties of PE-HD [-CH2-CH2-]n 

State High density 

Density [g/cm3] 0.957 

Melting temperature [º C] 130-137 

Thermal conductivity [w/m.k] 0.48 

Effective thermal diffusivity [mm2/s] 0.092 

Enthalpy difference [kj/kg] 650 

Humidity absorption [%] 0.01 

2.2. Working principle of the solar still 

A small-scale hydrological cycle can be created in a 
well designed solar still. The air tightness and the good 
insulation, are two essential design parameters that should 
be highly considered in order to minimize the vapor leak 
and heat loss tendencies .  

Solar stills are used to produce fresh water from 
brackish water by directly utilizing the sunshine. 
Construction and operation principle of solar stills are very 
simple. The black painted absorbing plate contains the 
brackish water which is directly exposed to the solar 
energy above the plate. The brackish water is completely 
enclosed in an air-tight conditions inside the transparent 
glass cover. The incident solar radiation passes through the 
transparent glass cover and is absorbed by the black-
painted Aluminum sheet, the absorbed heat is then 
transferred to the water with no significant energy loss. 
The brackish water start heating and evaporating, the 
formed vapor on the water surface start moving in an 
upward direction as due to the created driving force 
(convective currents) due to the temperature difference 
between the water and glass cover (Tw-Tg). When the 
water vapor comes in contact with the condensing surface 
(glass cover which is  externally cooled) in order to 
improve the condensation rate, the vapor will condense at 
different small-size droplets of fresh water, then the 
condensate starts moving down along the inclined glass 
cover due to the gravitational force. Finally, the 
condensate will be collected from the collecting channel 
which is connected to the collecting vessel.  

2.3. Design description 

Two symmetrical greenhouse solar stills were 
constructed, and the experimental investigation regarding 
the effect of water depth on the still productivity was 
carried out.  Because the solar still productivity was 
strongly dependent on the design and operational 
conditions, the accepted thermal performance which was 
achieved was due to the improved design parameters and 
optimized operational technique.  

The initial investigations were carried out in 
September, 2004; the negative aspects regarding the design 
and operational parameters were detected and treated. 
Practically, both stills were filled with two different 
brackish water depths. Each time the lower depth of 0.5 
cm brackish water (above the absorbing plate) in one solar 
still was tested and compared with other brackish water 
depths ( 2cm, 3cm, and 3cm) in the second solar still. The 
solar stills were properly oriented, and directly exposed to 
the solar radiation. Both stills were operated during the 
typical days of September, 2004; the time interval of four 
days was sufficiently enough to execute all the necessary 

calibrations and adjustments. The remarkable results and 
visual observations during the initial investigations ware 
due to the accurate adjustments and calibrations. Based on 
these observations, the system of measurement was 
carefully established during the testing period, all the key 
quantities were carefully measured and recorded at a time 
interval of every 15 working minutes. The measured 
parameters and quantities ware; the solar radiation 
intensity (I), the glass temperature (Tg), the basin water 
temperature (Tw), and the ambient air temperature (Ta). 
The  designed system has the following important 
characteristics: 
1. The negative effect of scale formation on the 

absorption efficiency, and the increased cost of 
cleaning the white scale are two important causes of 
reducing the solar still efficiency. So, the need for 
using the designed black and replaceable plastic 
jackets having the scope of minimizing the cost of 
cleaning and maintenance. The plastic jackets were 
placed in each solar still. By using these plastic 
jackets, a higher absorbability can be maintained, 
and the scale formation become an ignored problem 

2. The water surface level was precisely adjusted to 
avoid the dry spots, mainly at shallow water depths.  

3. The proper material selection, and fabrication of the 
absorbing plate has a positive effect on the 
increased basin water temperature. In order to 
ensure an efficient capturing of solar irradiation, the 
absorbing plate is made of  Aluminum sheet 
because of its thermal conductivity.  
(see Table 2) 

 
Table 2: Thermo physical properties of Aluminum 

Melting point [k] 933 
Density [kg/m3] 2706 
Specific heat cp [ J/kg.k] 903 
Thermal conductivity [ W/m.k] 237 

The rapid formation of a thin vapor film on the internal 
sides of the glass cover was clearly observed after 25 
minutes of exposing the distiller to the solar radiation. 
Also, the uniform distribution of the generated small size 
water droplets that started moving in an organized down-
sliding motion to the collecting channel was observed to 
occur rapidly during the initial stages. The accepted 
thermal behavior was ensured by the last two 
characteristics. Unfortunately, despite the achieved 
performance, the water productivity was below the 
expected value. So, extensive efforts were made to 
determine the suspect reasons. Further examinations were 
conducted to investigate these reasons. The repeated 
attractive results during the start of each experiment 
demonstrated categorically that the design parameters had 
no negative effects on the reduced water productivity. The 
close inspection made on the data related to the measured 
quantities was of a great contribution in finding the suspect 
cause of the reduced productivity. It was observed that the 
sharp increase in glass temperature (Tg) because of the 
effect of latent heat of condensation, which  having a 
significant role in raising the glass temperature, a 
temperature much higher than the ambient (Ta) and very 
close to the water temperature (Tw), could be the main 
reason of decreasing the rate of evaporation and then water 
productivity. Such a high temperature might have a 
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negative effect on the condensation process and the driving 
force of the convective currents. Several recent studies 
reported that the positive contribution of cooling the glass 
cover [15,16,17,18]. The role of condensing cover is very 
important in solar distillation systems; it has to permit 
solar radiation to transmit, and to dissipate the heat to the 
ambient to provide efficient condensation [10]. Others 
have found the significant effect of the increased 
temperature difference (Tw-Tg) on the productivity of the 
green house solar still during the earlier night hours. They 
reported about 50-60% higher productivity during the 
early night hours than during the daylight hours. This was 
attributed to the positive effect of the stored heat and the 
increased temperature difference (Tw-Tg) [3,19]. These 
observations lead to the decision of applying the glass 
cover cooling. Based on the visual observations (faster 
water droplets motion) and the inspected values of the 
measured quantities, the periodicity of cooling the glass 
cover was accurately optimized to be performed every 15 
working minutes. The cooling system consisted simply of 
two steel pipes with sufficient number of small-drilled 
holes (3mm in diameter). The designed sprinklers were 
located on the top part of each solar still to ease splashing 
both glass sheets at the same time. Practically, a jet of 20 
ºC of water was applied to cool the glass cover. Time 
duration of one minute was sufficiently enough to create 
an accepted temperature difference of about 8 to 10º C 
between the glass and brackish water temperatures. 
Splashing of the glass cover was applied with five minutes 
before taking the temperature readings. The temperature 
readings was taken at 15,30,45,and 60 minutes. Finally, 
the initial stage of inspecting the design parameters and 
optimizing the operational technique was successfully 
achieved as indicated by the accepted thermal 
performance.  The solar still productivity could be 
increased when an extra heat is provided from any 
available source of heat. Different studies with different 
design arrangements showed that solar still productivity 
can be increased when extra heat is fed to the system 
[20,21]  

3. Results and Discussion 

Practically, a number of experimental investigations 
were conducted to demonstrate the overall objective of the 
present study. All the selected water depths were tested in 
Mutah University at 1050 m above the sea level. The 

effects of water depth operational and design parameters 
and geographical location were evaluated. 

The lower brackish water depth of 0.5cm (mass of 
water above the absorber) was tested in each experiment; 
the results were compared in each time with those obtained 
from the other tested water depth in the same experiment. 
The testing procedure was carried out during the winter of 
2004-2005 and summer of 2005 as clarified in table 3. 

Consisted with the planned timetable 3, the obtained 
results of the tested two water depths and in each 
experiment were compared and evaluated. The interval of 
four days was sufficiently enough to explore the effect of 
water depth on water productivity. It should be mentioned 
that both testing units were operated in the first two days 
in each experiment without cooling the glass cover while 
in the last two days the glass cover cooling was applied 
(only during the summer months of June, July, and 
August/2005). The effect of different parameters was 
evaluated through the obtained results as follow: 

3.1. Effect of design and operational parameters 

The same results obtained from both testing units  with 
a water depth of 4cm showed the same thermal 
performance. The experiment was conducted under the 
solar radiation intensity of 7.73 kwh/m2.day (27.8 
MJ/m2.day)in which both solar stills were exposed to the 
solar radiation for a time interval of 10 hours, the obtained 
results of 4.745 and 4.733 respectively showed nearly the 
same thermal performance and the same effect of the 
design parameters. 

3.2. Effect of water depth on the solar stills productivity 

The experimental results have shown with no doubt 
that the water depth has a significant influence on the 
increased productivity. So, the objective of the present 
work have successfully achieved as shown on the 
performance curves. 

All the experiments were conducted as conform the 
planned timetable, and separate thermal behavior was 
made for each tested depth. Figure 2 illustrated the planned 
timetable and the experiments were conducted under the 
described conditions such as the average solar radiation 
intensity of 7.73 kwh/m2day (27.8 MJ/m2.day), and 
operational time of 11 daylight hours.  

 
 

 

 

Table 3: Time table of testing the water depths 

Tested depths of 
ground brackish water.  
0.5 in one testing solar 
still, and 2,3,4 cm in 
the other  solar still 

Summer months (2005) 
Average sunshine duration is of 11.8 hrs/day. 
Average solar radiation intensity is 7.73 kwh/m2.day, 
or (27.8MJ/m2.day) 

Winter months (2004/2005) 
Average sunshine duration is of 6-hrs/ day. Operational 
time of 6 hrs/day (9 am-16 pm) 
Average solar radiation. Intensity is 3.35 kwh/m2.day, or 
(12.73 MJ/m2.day) 

Tested depths June July August December January February 

0.5 cm,   2 cm 15-18 10-13 3-6 5-8 9-12 10-13 

0.5 cm,   3 cm 20-23 15-18 3-11 10-13 14-17 15-18 

0.5 cm,   4 cm 25-28 20-23 15-18 17-20 21-24 20-23 

   



 © 2007 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved - Volume 1, Number 1  (ISSN 1995-6665) 27

Results are shown for all the tested water depths. It can 
be seen from Fig.2 that each tested depth has two values: 
the first value represents the obtained productivity before 
applying the cooling method in which the productivity 
from the lower water depth has 8% higher than that 
obtained from the tested depth of 2 cm. the same increase 
of 12% higher than that obtained from the depth of 3 cm, 
and an increase of 14%in water productivity than that 
obtained from the depth of 4 cm. 

 
Figure 2: Productivity versus water depth before cooling (BC) and 
after cooling (AC) 

3.3. Effect of cooling the glass cover 

In comparison with the previous results which obtained 
before cooling the glass cover The significant effect of 
cooling the system is strongly observed on the increased 
productivity. The effect of cooling the glass cover shows 
an increase on the water productivity with about 17-23%. 
The increased productivity is achieved for all the tested 
depths under the effect of cooling. In each experiment, the 
lower depth was observed with the higher output than the 
other tested depths. Also Figure 2 shows the results before 
and after cooling for all the tested depths. The lower depth 
as compared with the other depths has 14% higher than 
that of 2 cm, 16% than that of 3 cm, and 18% higher than 
that obtained from the tested depth of 4cm, To explore the 
merit contribution of the applied cooling method, a 
comparative evaluation was made separately for each 
water depth as shown in figures (3,4,5, and 6). The 
obtained results before and after cooling the glass cover 
are tabulated in table 4. 

 
Figure 3: Productivity versus sunlight hours of depth of 0.5 cm, 
with 5.400 Lit/day before cooling and 6.693 Lit/day after cooling 
(an increase of 23%) 

 
Figure 4: Productivity vs. sunlight hours of the depth of  2 cm, 
with 4.990 Lit/day before cooling and  5.883 Lit/day after cooling 
( an increase of 18%) 

 
Figure 5: Productivity vs. sunlight hours of the depth of 3 cm with 
5.756 Lit/day after Cooling and 4.817 Lit/day before cooling (an 
increase of 19%) 

 
Figure 6: Productivity vs. sunlight hours of the depth 4 cm with 
5.660 Lit/day after cooling and 4.733 Lit/day before cooling (an 
increase of 19%) 

Table 4: water productivity before and after cooling for each 
water depth 

 
Water 
depth 
[cm] 

Productivity 
before cooling 

[lit/day] 

Productivity 
after cooling 

[lit/day] 

Percentage 
of increase 

[%] 

Figure 3 0.5 cm 5.400 6.693 23 

Figure 4 2 cm 4.990 5.883 18 

Figure 5 3 cm 4.817 5.756 19 

Figure 6 4 cm 4.733 5.660 19 

 
The tabulated data gives a clear image about the effect 

of the decreased depth on the increased productivity. The 
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same observations can be made on the positive effect of 
cooling the glass cover and the resulting increase on the 
temperature difference (Tw-Tg). 

The increased productivity from the lower depth (small 
mass) is directly related to the increased evaporation rate 
as well as the faster condensation which is due to the 
cooling effect. The merit contribution of the cooling 
method is strongly observed on the increased temperature 
difference (Tw-Tg) which is nearly 10 ºC after cooling 
instead of 4 ºC before cooling. A separate thermal 
behavior is made to show the increased (Tw-Tg) for each 
tested water depth, and the results are properly represented 
on the time-temperature curves as shown in Figure 7, (0.5 
in comparison with 2cm). The results show the positive 
effect of cooling the glass cover as indicated by the 
increased temperature difference (Tw-Tg ), and nearly the 
same increase is obtained for all the tested depths. The last 
figure (Fig.8) shows a clear image of the created difference 
after cooling as well as before cooling for all the tested 
depths.  Figure 8 shows the time temperature variation 
before and after cooling for both tested depths of 0.5 and 2 
cm. The ambient temperature, glass temperature and water 
temperature before and after cooling were measured for 
every 15 minutes. The obtained results were used to 
compute the temperature difference for each tested depth 
and plotted in Figure 7. 

 
Figure 7: Temperature difference (Tw-Tg) vs. the sunlight hours, 
for the depths of 0.5 and 2 cm before and after cooling 

Actually the thermal performance of the other tested 
depths are nearly the same, but with different values. 
Practically, figure 8 can be considered as a sample for the 
other time-temperature variation regardless the other tested 
depths.  

 
Figure 8: The time vs. temperature variation of ambient, water and 
glass temperature (before and after cooling) for the depths 0.5 and 
2 cm 

The obtained productivity from the lower depth with 
6.699 Lit/Day shows an accepted agreement with the 
theoretical productivity of 8.6 lit/day that can be produced 
under the available climatic conditions. Dividing the 
experimental output of the lower depth by the theoretical 
one, the efficient percentage efficiency of solar utilization 
comes to be about 75%.  

4. Conclusions 

The major interesting results of the present work can be 
summarized in the following points: 
1. The accepted thermal performance of the 

constructed solar still with an increased evaporation 
rate and the faster condensation was achieved due to 
the appreciated contribution of the improved design 
parameters and the operational. 

2. The merit contribution of using the plastic jackets 
had a significant role for minimizing the effort of 
cleaning the deposited scale (by using a new jacket 
when needed)  and maintaining efficient capturing 
of solar irradiation. 

3. The deciding role of cooling the glass cover was 
strongly observed on the increased temperature 
difference (Tw-Tg) as well as on the increased water 
productivity. Higher attention must be spent to the 
times of applying the cooling method. 

4. The concept of using the greenhouse solar stills was 
found to be very attractive method for obtaining the 
fresh water even for a small-scale demands, because 
of several economic and technical advantages such 
as, the inexpensive technology including the 
material prices and manufacturing. 

5. An efficient utilization of the solar energy could 
minimize the need for using the expensive 
conventional sources of energy and meet the energy 
saving requirements. 

6. The efficient utilization of the solar energy with a 
percentage of 70% was reached and demonstrated 
by the good agreement between the obtained 
productivity of 6.7 Lit/day and the theoretical 
productivity of 9.5 Lit/day that could be obtained 
under the available climatic conditions. 

7. The possibility of increasing the water productivity 
could be reached by lowering the water depths on 
the basin- absorbing plate. It is necessary to 
investigate the effect of all the operational 
parameters before taking the decision of installing 
the solar distillation plant. 

8. It was found that the geographical location may 
having a significant positive effect on the increased 
water productivity, especially for those locations 
with an abundant solar irradiation and situated at 
higher elevations above the sea level, where the 
reduced boiling point of water and the corresponded 
saturation pressure are below the standard 
atmosphere. 



 © 2007 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved - Volume 1, Number 1  (ISSN 1995-6665) 29

Reference 

[1] G.R. Lashkaripour, M. Zivadar, Desalination of brackish 
water in Zahedan city in Iran, Desalination Vol177.2005,1-5. 

[2] Gleick, P.H., Water, War, and Peace in the Middle East, 
Environment,Vol.36  1994,6 – 42 

[3] United Nations, Comprehensive Assessment of the fresh 
water resources of the world, 1997. 

[4] Bchiar Bouchekima, A small solar desalination plant for the 
production of drinkable water in remote arid areas of 
southern Algeria, Desalination, Vol. 159 ,2003, 197-204. 

[5] J. Joseph, R. Saravanan, S. Renganarayanan. Studies on a 
single-stage solar desalination system for domestic 
applications, Desalination, Vol.173,2005, 77-82. 

[6] AL-Hinai H., AL-Nassiri M.S., and Jubran B.A., Parametric 
investigation of a double effect solar still in comparison with 
a single-effect solar still, Desalination, Vol.150, 2002, 75-83 

[7] Akash B., Naifeh W., and Mohsen M., Energy Conversion 
and Mgmt, Vol.41, 2000, 883 

[8] Duffie J.A., and Beckman W.A., Solar Engineering of 
Thermal Processes, John Willey and suns 1980  

[9] M. Boukar, A. Harmim, Parametric Study of a vertical solar 
still under desert climatic conditions, Desalination, Vol.168, 
2004, 21-28 

[10] Anil Kr., G.N. Tiwari, Effect of the condensing cover’s slope 
on internal heat and mass transfer in distillation: an indoor 
simulation, Desalination, Vol.180, 2005, 73-88. 

[11] Hikmet S. Ayber, Mathematical modeling of an inclined 
solar water distillation system, Desalination, Vol.190, 2006, 
63-70. 

[12] Rajesh Triphathi, G.N. Tiwari, Effect of water depth on 
internal mass transfer for active solar distillation, 
Desalination, vol.173, 2005, 187-200. 

[13] A.A. El-Sebaii, Thermal performance of a triple-solar still, 
Desalination, vol.174, 2005, 23-37.  

[14] H.S. Aybar, F.Egelioglu and U. Atikol, An experimental 
study on an inclined solar distillation system, Desalination, 
Vol.180, 2005, 285-289.   

[15] Abu-Arabi M.K., Zurigat Y.H., and AL-Hinai H, Modeling 
and performance analysis of a solar desalination unit with 
double glass cover cooling, Desalination, Vol.143, 2002,173-
182. 

[16] Tiwari G.N., and Garg H.P., Effect of water flow over the 
glass cover of a single basin solar still with intermittent flow 
of waste flow of waste hot water, Energy Conversion and 
Mgmt., Vol. 25, 1985, 315-322 

[17] Lawrence S.P., and Tiwari G.N., Effect of heat capacity on 
the performance of solar still with water flow over the glass 
cover, Energy Conv. and Mgmt, Vol.30, 1990, 277-285 

[18] Malik G.N., and Sodha M.S., The effect of geographical 
location on the solar distillation efficiency, Solar Distillation, 
Pergamon press, Oxford 1982. 

[19] Voropoulos K., Mathiolakis E., and Belessiotis V., 
Experimental investigation of a solar still coupled with solar 
collector, Desalination, Vol.138, 2001, 103-110. 

[20] Carmen Esteban, Judith Franco, Construction and 
performance of an assisted solar distiller, Desalination, 
Vol.173, 2007, 249-255. 

[21] V. Velmurugan, K. Srithar, Solar stills integrated with a mini 
solar pond, analytical simulation and experimental validation, 
Desalination, vol. 216, 2007, 232-241 

 



  

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


