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Abstract 
Desalination of brine 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. The 

abundant solar radiation intensity along the year and the available brine resources are two favorable 

conditions for using the desalination solar technology to produce the fresh water, even for domestic 

use. Based on these conditions, two small-scale solar powered desalination systems, one with mirrors 

as interior surface of the walls and the other without mirrors, have 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 brine 

depth in the basin on the productivity was evaluated. In the same time, the effect of using reflecting 

interior fasces (mirrors) and the adding blackened balls, with different materials, on the solar 

desalination process in the stills were investigated. Different depths of brine (1.5, 3, 5 and 8cm) with 

TDS of 2000-2050 ppm were tested under the climatic conditions of Kufa city. The obtained results 

showed that the productivity of the still with reflecting faces was 22.9% higher than that of still without 

reflecting sides, and that the decreased water depth and the adding blackened balls have a significant 

effect on the increased still productivity, while the performance characteristics showed that the still 

productivity was closely related to the incident solar radiation intensity. 
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 لخلاصةأ
السياه الرالحة لمذرب في  لإنتاجتعسل بالظاقة الذسدية ىي تقشية واعدة وعسمية  أنغسةتشقية السياه مؽ السمؾحة بؾاسظة 

الذسدي طؾال الدشة وتؾفر مرادر السياه السالحة  الإشعاعالتي تعاني مؽ الشقص وخرؾصا في السشاطق القاحمة. غزارة شدة  السشاطق
ىذه الغروف, تؼ بشاء وتذغيل  إلى. بالاستشاد الساء الشقي باستخدام التقشية الذسدية في تشقية السياه لإنتاجيؽ عرفيؽ مفزم أكثرىسا 

حدىسا جيز بسرايا كدظؾح داخمية عمى الجدران وترك الأخر عمى حالو. أ, نغاميؽ صغيريؽ لتشقية السياه يعسلان بالظاقة الذسدية
لذلػ فسؽ الزروري تخسيؽ بعض العؾامل السيسة والسؤثرة عمى . إنتاجيتوقظر الذسدي وزيادة الس أداءتحديؽ  إلىتيدف ىذه الدراسة 

استخدام سظؾح  تأثيرالسقظر. وبشفس الؾقت تؼ التحري عؽ  إنتاجيةعسق الساء في الحؾض عمى  تأثيرتؼ تخسيؽ  الشغام. إنتاجية
 أعساققية الذسدية في السقظر. تؼ اختبار عمى عسمية التش الأسؾد طميت بالمؾن  مؽ مؾاد مختمفةكرات  وإضافةداخمية عاكدة )مرايا( 

( تحت (ppm 2050-2000كمية ذائبة تتراوح بيؽ  أملاح( وبشدبة and 8 cm 5 ,3 ,1.5مختمفة لمساء في حؾض السقظر )
مؽ  %22.9العاكدة أعمى بـ  الشتائج السدتحرمة أوضحت بان إنتاجية السقظر ذو الأسظح الداخمية الغروف السشاخية لسديشة الكؾفة.

السقظر,  إنتاجيةميؼ عمى زيادة  تأثيرالكرات الدؾداء لو  إضافةوان نقران عسق الساء و  سقظر الأخر )بدون أسظح عاكدة(إنتاجية ال
  الذسدي الداقط. الإشعاعليا علاقة كبيرة بذدة  السقظر إنتاجيةبان  الأداءخرائص  أوضحتبيشسا 

1. Introduction 
The lack of potable water poses a big problem in arid regions of the world 

where freshwater is becoming very scarce and expensive. Clean drinking water is one 

of the most important international health issues today. The areas with the severest 

water shortages are the warm arid countries in the Middle East and North Africa 

(MENA) region. These areas are characterized by the increase in ground water 

salinity and infrequent rainfall. The increasing world population growth together with 

the increasing industrial and agricultural activities all over the world contributes to the 

depletion and pollution of freshwater resources. [Qiblawey and  Banat, 2008]. 

It has been estimated by [Kalogirou, 2005] that the production of 1000 m
3
 per 

day of freshwater requires 10000 tons of oil per year. This is highly significant as it 

involves a recurrent energy expense which few of the water-short areas of the world 

can afford. Large commercial desalination plants using fossil fuel are in use in a 
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number of oil-rich countries to supplement the traditional sources of water supply. 

People in many other areas of the world have neither the money nor oil resources to 

allow them to develop on a similar manner. Problems relevant to the use of fossil 

fuels, in part, could be resolved by considering possible utilization of renewable 

resources such as solar, biomass, wind, or geothermal energy. It often happens that the 

geographical areas where water is needed are well gifted with renewable energy 

sources (RES). Thus, the obvious way is to combine those renewable energy sources 

to a desalination plant, in order to provide water resources as required 

Desalination is one of mankind’s earliest forms of water treatment, and it is 

still a popular treatment solution throughout the world today. In nature, solar 

desalination produces rain when solar radiation is absorbed by the sea and causes 

water to evaporate. The evaporated water rises above the surface and is moved by the 

wind. Once this vapor cools down to its dew point, condensation occurs, and the 

freshwater comes down as rain. This basic process is responsible for the hydrologic 

cycle. This same principle is used in all man-made distillation systems using 

alternative sources of heating and cooling [Qiblawey and Banat, 2008. Al-Hayek 

and Badran, 2004]. 

Many design variations of solar desalination units exist, and a wide variety of 

construction materials are used. One of the most suitable solar desalination units is a 

single-slope solar still (conventional solar still), because of its low initial and 

maintenance cost, simple construction and operation, high fresh water productivity 

[Al-Hayek and Badran, 2004. Aybar and Assefi, 2009]. 

The amount of distilled water that can be produced varies quite dramatically 

with the geographical position, the sun's position, prevailing meteorological 

conditions, solar still design and operational technique [Malik, Tiwari, Kumar  and 

Sodha, 1982]. Some researches [Khalifa and Hamood, 2009. Tarawneh, 2007. 

Badran, 2007. Nijmeh, Odeh and Akash, 2005. Radwan, Hassanain and Abu-

Zeid, 2009. Abdenacer and Nafila, 2007. Namprakai and Hirunlabh, 2005] found 

that other parameters such as water depth, salinity, black dye, adding different 

materials to the water, wind speed and direction have an effect on the output of the 

solar stills. 

The productivity of fresh water by solar distillation depends drastically on the 

daylight time interval [Al-Hayek and Badran, 2004]. Considering that, Iraq is a 

suitable place for making extensive researches on solar distillation. 

 The aim of this paper is to increase the productivity of fresh water by 

distillation using two single –slope solar stills: one with mirrors, as inside walls, and 

the other without. Both solar stills were utilized under the same operational 

conditions, which represent the climatic condition of Kufa city in Iraq. 

 

2. System Description 
Two single – sloped basin – type solar stills (Fig. 1(a and b)) were design from 

locally available materials and locally manufactured components. Both solar stills 

with basin areas of 1m
2
 for comparison purpose, are constructed from glazing 

structure covered with 4mm thick glass (transmissivity of about 0.88, [Aybar, 

Egelioglu and Atikol, 2005]). The bases of the stills made of 6mm thick glass and 

blackened on their interior surfaces to enable maximum absorption of solar radiation. 

The bottom and sides of the two stills were insulated from outside with 150mm thick 

glass wool with thermal conductivity of 0.032 W/m.K to minimize the heat loss with 

the surrounding.  Whole assemblies of both solar stills are made airtight with the help 

of a rubber gasket and PVC silicon. 
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Thermocouples were distributed inside and outside the solar stills to measure 

the ambient air, glass, brine and vapor temperatures. 

 All experiments were achieved during the month of March of 2010 in Kufa, 

Iraq (latitude angle 32.2
o
N). The solar stills glass covers are tilted at an angle of 32

o
 

[Khalifa and Hamood, 2009] to increase the amount of solar radiation reaching the 

surface aperture more frequently during the day, and the data which used to compare 

relative performance of the two stills were at 1.5cm basin-water depth. The distilled 

water yield is measured by scaled flask every hour. Daily accumulated of fresh water 

ranging from 2.13 to 4.7 l/m
2
. One of the present solar stills is made with mirrors, as 

the interior surface of the walls, to reflect the solar radiation incident on them onto the 

blackened base. 

 The brine, with salinity of 2000 to 2050 ppm, is poured into the stills to fill the 

basins with knowing levels. The glass cover allows the solar radiation to pass into the 

still, which is mostly absorbed by the still base. The water beings to heat up and the 

moisture content of the air is trapped between the water surface and the glass cover, 

thus the glass cover traps the solar energy inside the still. The base also radiates 

energy in the infrared region, which is reflected back onto the basin by the interior 

mirrors which concentrate heat energy at the base [Al-Hayek and Badran, 2004]. 

The water will evaporate from the basin and condenses on the inside of the glass 

cover. The condensate flows into a collecting channel at the base of the glass cover, 

which inclined with 5
o
 towards the collecting header in order to speed up the 

condensate velocity and to avoid the re-evaporation state, and the fresh water 

eventually delivered to the scaled flask. The stills are filled at the morning and the 

water production for the day collected in the evening. Brine, making up, was added to 

the stills through a supply fill port, and the excess water will flow out of an overflow 

port at the center of the basins. 

 

3. Results and discussion  

3.1. Brine depth 

3.1.1. Temperature 
 The temperature of the brine, vapor, inside glass cover and ambient 

temperature versus time for the two stills, with brine depth of 1.5, 3, 5 and 8cm, are 

shown in Figs. (2-9). It can be seen from these figures that the same trends of the 

temperature behavior for the two stills, where the temperature rises during the 

measuring time up the maximum value at 14:00 hr and then trend to decrease. It is 

noticed that the temperatures throughout the still decreasing with increasing the brine 

depth, in turns that the still with mirrors, as interior faces, operates at a higher 

temperature than the other without mirrors, because the presence of these mirrors will 

reduce the heat energy losses in the solar still. 

3.1.2. Productivity 
 The effect of brine depth on the still productivity is shown in Figs. (10-13). In 

general, the productivity increases with the solar intensity increasing until it reaches 

the maximum value at 14:00 hr, after that the decreasing of temperature will reduce 

the solar still productivity. For the still without mirrors, the productivity from the 

lower tested depth has 18.7% higher than that obtained from the depth of 3 cm, which 

increase of 11.7% higher than that obtained from the depth of 5 cm and an increase of 

9.4% in water productivity than that obtained from the tested depth of 8 cm. This is 

due to increase the heat capacity of the brine when the depth increased, which leads to 

reduce the evaporation rate and thereby the condensation rate. The presence of mirrors 
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inside the solar still increases the distilled water, due to concentration of the reflected 

solar radiation incident on them onto the brine. 

3.2. Effect of adding balls 
 Generally, in a solar still most of the incident sunshine absorbed by the base of 

the still that becomes hotter than the water contained. In turn, adding balls to the still 

will increase the absorption solar energy to store in these balls and becomes 

significant with decreasing the solar radiation. 

The effect of balls is investigated by adding stainless steel and ceramic 

blackened balls of 1cm diameter and 75 pieces of each type, for 1.5 cm brine depth 

test in solar stills with reflecting interior sides, i.e. mirrors. Fig. (14) shows the results 

of this test, which demonstrate that the productivity from the stills with blackened 

balls is greater than the other without balls. Thus, the addition of stainless steel 

blackened balls causes an enhancement in the daily productivity by 15.2% and by 

9.6% for the addition of ceramic blackened balls. 

 Sola still efficiency, ƞ, is defined as the ratio of the heat transfer, qe (MJ/ 

m
2
/d), in the still by evaporation-condensation to the incident solar radiation, I 

(MJ/m
2
/d), on the still [Al-Kharabsheh and Goswami, 2004], as given by 

 
Thus, the calculated efficiency by the above equation for the still without 

interior reflecting sides is about 35.3%, while the efficiency of the still with mirrors as 

interior surfaces is about 44.8%. In turn, the productivity increased by 22.9% when 

the mirrors, which increases the net solar radiation received by the brine due to the 

reflection rate and minimizing the heat energy loss, are used in the still. 

 
Fig. (1): Schematic diagram of the single-slope solar still with and without interior 

reflecting surfaces. 



Journal of Babylon University/Engineering Sciences/ No.(2)/ Vol.(20): 2012 

 

 050 

 
Fig. (2): Hourly variation of temperatures for the still without reflecting interior sides 

and brine depth of 1.5cm. 

 
Fig. (3): Hourly variation of temperatures for the still with reflecting interior sides and 

brine depth of 1.5cm. 

 
Fig. (4): Hourly variation of temperatures for the still without reflecting interior sides 

and brine depth of 3cm. 
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Fig. (5): Hourly variation of temperatures for the still with reflecting interior sides and 

brine depth of 3cm. 

 
Fig. (6): Hourly variation of temperatures for the still without reflecting interior sides 

and brine depth of 5cm. 

 
Fig. (7): Hourly variation of temperatures for the still with reflecting interior sides and 

brine depth of 5cm. 
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Fig. (8): Hourly variation of temperatures for the still without reflecting interior sides 

and brine depth of 8cm. 

 
Fig. (9): Hourly variation of temperatures for the still with reflecting interior sides and 

brine depth of 8cm. 

 
Fig. (10): Hourly variation of the still productivity for brine depth of 1.5cm. 
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Fig. (11): Hourly variation of the still productivity for brine depth of 3cm. 

 
Fig. (12): Hourly variation of the still productivity for brine depth of 5cm. 

 
Fig. (13): Hourly variation of the still productivity for brine depth of 8cm. 
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Fig. (14): Hourly variation of the still productivity with adding of balls for brine depth 

of 1.5cm. 

 

4. Conclusion 
 An experimental study was carried out, for two single-slope solar stills with 

and without mirrors on its insides walls and adding blackened balls with deferent 

materials (stainless steel and ceramic), to enhance the solar still productivity under 

actual environmental conditions of Kufa city in Iraq. 

 It is clear from the present study that employment of mirrors on the interior 

walls of the still enhanced the water productivity more than the other without mirrors, 

because the presence of mirrors will improves the efficiency by reducing the radiation 

losses from the still basin. Also, the productivity of the stills improved with decrease 

of water depth and the addition of balls. 

 

References 
Abdenacer K. and   Nafila  S. "Impact of temperature difference (water-solar 

collector) on solar-still  global  efficiency",  Desalination,  209 (2007)  298–305. 

Al-Hayek I. and Badran O. O. "The effect of using different designs of solar stills  on 

water distillation", Desalination, 169(2004) 121–127. 

Al-Kharabsheh  S. and  Goswami  Y. "Solar distillation and drying", university of 

florida, encyclopedia of energy, Vol. 5 (2004)785–791. 
Aybar H. S. and  Assefi H.  "Simulation of a solar  still  to investigate water  depth 

and glass angle", Desalination, 7(2009) 35–40. 

Aybar H. S., Egelioglu  F. and  Atikol  U. "An experimental study on an  inclined 

solar  water  distillation  system",  Desalination, 180 (2005) 285–289. 

Badran O.O.   "Experimental  study  of  the  enhancement parameters  on  a single  

slope   solar  still   productivity",  Desalination,  209 (2007) 136–143. 

Kalogirou  S.   "Seawater desalination  using  renewable  energy  sources"   Progr. 

Energy Combust. Sci., 31(2005) 242–281. 

Khalifa  A. N. and  Hamood  A. M.  "Experimental  validation   and  enhancement of 

some    solar    still    performance    correlations",  Desalination,   4(2009) 311–

315. 



 

 054 

Malik M. A. S., Tiwari G. N., Kumar  A. and  Sodha M. S. "Solar Desalination", 

Pergamon Press. Oxford, 1982. 

Namprakai  P. and  Hirunlabh  J.  "Theoretical  and  experimental  studies  of  an 

ethanol  basin  solar  still",   Desalination,  (2007) 2376–2384. 

Nijmeh S., Odeh S. and Akash B."Experimental and theoretical study of a single- 

basin solar still in Jordan". Intern. Communication Heat Mass Transfer, 32 (2005) 

565–572. 

Qiblawey H.M. and Banat F. "Solar thermal desalination technologies", Desalination, 

220(2008) 633–644. 

Radwan S. M.,  Hassanain  A. A.  and  Abu-Zeid M. A.  "Single  slope Solar  still for 

sea water distillation".  World   Applied   Sciences  Journal 7, 4 (2009) 485–497. 

Tarawneh  M. S. K. "Effect  of  water  depth   on   the  performance  evaluation  of 

solar still", JJMIE, Vol. 1, No. 1(2007) 23–29. 

  

  

 

 

 

 


