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ABSTRACT 
[ 

    This research a pyramidal solar still (PSS) has been manufactured in Basra city. The 

experimental investigation was carried out on solar still under the same conditions. The 

pyramidal solar still consists of a basin area of (0.25 m2). Some additions have been made 

and examined in order to increase the performance of the still. external reflector (dish 

covered with aluminum paper) was used to concentrate the solar rays towards certain 

region of the solar still(constructed manually in our laboratory). The maximum efficiency 

has been got of the experimental still varies from (40% -70% ) pyramidal solar still. 
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1. INTRODUCTION  
 

     Solar desalination is gaining more 

importance for obtaining potable water. 

The main advantage of this process is that 

it does not utilize costly conventional fossil 

fuels, which create pollution problem [1-

2]. Solar distillation is one of many 

processes that can be used to produce fresh 

water by using the heat of the sun directly 

in a simple equipment to purify water. The 

equipment, commonly called a solar still 

[3]. Solar distillation is one of the available 

methods to produce potable water. This 

process has the advantage of zero fuel cost, 

but requires more space (for collection) [4- 
 

5]. Desalination processes require 

significant quantities of energy to achieve 

the separation of salts from seawater as 

shown in figure (1) [6]. In oil rich 

countries, about 95% of all freshwater is 

Available online at: http://www.basra-science-journal.org 

 

139

mailto:halgaim@yahoo.com
http://www.basra-science/


 

Algaim  , Mohammed  & Alhelal  : Study The Effect Of The External Reflector On The Efficiency Of Pyramidal … 
 

already supplied by desalination 

technologies using fossil fuels (oil or gas). 

In view of future oil shortages, desalination 

must, however, be driven with renewable 

energy [7]. 

 

 

 

 

 

 

 

 
 

Figure 1: Diagram of desalination process 

 

Solar still technology has a bright future 

because it offers an easy system to obtain 

quality water to use in innumerable 

purpose, especially as drinking water in the 

section of the world where the availability 

of potable water is lowest [8-9]. Solar stills 

are the best suitable units to be used as 

low-capacity and self-reliance water supply 

systems, since they can produce pure water 

by using solar energy only, and do not 

need other expensive energy sources such 

as fuel or electricity [10]. Huda  R. M.  

Algaim et al. [11] studied the efficiency for 

the pyramidal solar still (PSS) in Basra 

city, Iraq, and get a maximum efficiency 

which is (66 %) for the pyramidal solar 

still. The general objective of this work is 

to design a pyramidal solar still and  

measure its efficiency with the external 

reflector . 

2.  EXPERIMENTATION 

2.1 System Description 

     A pyramidal solar  still  has  been  

constructed  and  it's   performance  has 

been  evaluated under different weather 

conditions of  Basra  city  ( Iraq) (Latitude  

30° 33' 56.55"N,  Longitude  47° 45' 

5.86"E). The pyramidal solar still (PSS) 

has been manufactured of transparent glass 

with a thickness (4 mm) and has the same 

dimensions of absorber plate which 

contains the Saline water. The glass cover 

length, width and height for the pyramidal 

solar still are 0.5 m, 0.5 m and 0.67 m 

respectively. The plate in still is made of 

aluminum with surface area (0.25 m2), the 

surface was coated to maximise radiant 

energy absorption and in some cases to 

minimize radiant emission, coated with 

black paint (Al-marjan black paint and 

Spray black paint ). Paint the basin with a 

good mute black paint. The paint should be 

able to withstand continuous immersion 

and temperatures of 65-70 Co and should 

not fade or discolor under the influence of 

the sun's rays. In this research has not been 

a study of the absorption spectrum Paints, 

because the aim  of the study is the effect 

of the external reflector on the efficiency 

of pyramidal solar still. The brackish water 

is fed to the still through the hollow screw 

(double ended screw pipe) of (8mm) 

diameter on the side glass at height 5 cm 

and join with rubber tube to the tank of 

saline water with capacity 30 liter. The 

condensed channel in still lies between the 

absorber plate and the glass cover with 

width 1cm and height 2cm. The absorber 

receives solar radiation from both sides. 

Flowing water gets heated and evaporation 

starts from absorber plate. The evaporated 

water was condensed on condensed 

channel, it has been developed by putting  

hollow screw (ended screw pipe) of (8mm) 

diameter on the channel to get distilled 

water linking transparent rubber tube in 

this screw, goes to the distilled water 

collecting flask , diameter of the plastic 

tube (1cm). The base of the still is 

insulated with pieces of wood (wood 

block) of (1cm) thickness to avoid the 

thermal losses to the external ambient, 

proven the basin on the base by silicon 

rubber. figure (2) shows a photograph 
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picture of the still,  figure (3) shows the 

schematic diagram of the still. An external 

reflector (dish covered with aluminum 

paper) was used  to reflect and concentrate 

sunlight onto the basin. The dish is moved 

manually depending on the rotation of the 

sunlight movement, to reflect the highest 

percentage of sunlight possible on the  

basin show in  figure (4)  [12]. The cost of 

the manufacturing  a pyramidal solar  still  

about (50,000)  Iraqi dinars  and the cost of 

the manufacturing of a solar still is 

matched   with the production of distilled 

water. 

2.2 Testes 

The pyramidal solar still directed to the 

south geographic, the direction 

geographical advantage from solar 

radiation and to be the first side towards 

the sunrise and the other side heading 

towards the sunset. The experiments on the 

still was carried out during some days of 

(April 2014, May 2014) to study their 

performance under different field 

conditions. In each experiment, the hourly 

amount of distilled water and the insulation 

are monitored for the still. The total daily 

amount of distillate water was recorded. 

The intensity of solar radiation was 

measured by  the pyranometer device in 

the College of Agriculture - University of 

Basra. 
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Figure 2: Photograph picture of the pyramidal  solar still(PSS)                      

                 with external reflector. 

 

 

Figure 4:  Schematic diagram of the dish                               

covered with aluminum paper 

 

3. RESULTS AND DISCUSSION 

Figure 3: Schematic diagram of the pyramidal        

solar still(PSS). 

 

  The product water is measured every 

hour by calibrated beaker of 1 liter volume. 

The productivity of the still with respect to 

the solar radiation has been studied. The 

results of the day 29 May 2014 (No. of day 

(149)), are shown in figure(5). It is clear 

from the figure that the productivity of the 

still has the same behavior with the solar 

radiation. A maximum production is at 

midday while a lower one is at the first and 

the end day hours. A maximum production 

is one at the first and the end day hours 

arrived  to (1280 ml/m2/h) of (PSS) with 

external reflector and a maximum solar 

radiation is one at the first and the end day 

hours arrived to (1836 w/m2/h), also at the 

first hours the inner surface of the 

pyramidal enhances to quick the 

condensation of the vapor which arises 

from the horizontal basin on it because of 

its lower temperature figure (6) show the 

daily production of distilled water of the 

pyramidal  solar still with the  solar 

radiation through the months(April to May 

2014),  this figure shows that the daily 

production has a maximum value arrived to 

(8000 ml/m2/day) for the No. of day (149) 

where the sky is clear (there is no dust), 

where the production of the solar still has 

been depend on the intensity of solar 

radiation, while  the less  value of 

production is (7640 ml/m2 /day) for the No. 
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of day (100) where the sky is not clear but 

partly cloudy and the weather contains 

some dust storms. The temperature of 

water basin for (PSS), ambient air was 

recorded continuously for one hour at 10 

April 2014 (No. of day (100)), show in 

Figure (7). 
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Figure 5: Hourly productivity of the pyramidal solar still with external                     

  reflector & solar radiation during the No. of day (149) . 
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Figure 6: Daily production of the solar still with the solar radiation                   

             through days from months (April to May 2014) 
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Figure 7: The change in the temperature of the water basin and glass and                      

 ambient along the daily hours at 10 April 2014. 

 

From figure (7) we observe that the 

water temperature for the PSS has a 

highest value at mid day, this is because of 

the effect external reflector, also the  

maximum value of the temperature water 

basin arrived to (46 Co )for the PSS with 

external reflector, while the maximum 

value of the temperature ambient arrived to 

(42 Co ). The thermal efficiency (E) of the 

still was calculated for the some days using 

the following equation [13] . 

 

bA I

L 






P
Ebsn

 

Where: 

Ebsn: Thermal efficiency. 

P: Daily output of distilled water (Liter). 

L: Latent heat of water evaporation(MJ/ 

Liter). 

I: Daily solar radiation (MJ / m²). 

Ab: Area of the basin of the still (m2). 

    Table (1) shows the results of the 

thermal efficiency of the pyramidal solar 

still (PSS) with external reflector through 

the months (April to May 2014).  

 

Table(1): Thermal efficiency of the pyramidal solar 

still (PSS) with external reflector. 

 

 

Number 

of day 

Production 

(ml/m2/day) 

Solar 

radiation(w/m2) 
Efficiency  

100 7640 6950 70.2% 

125 7660 10200 47.9% 

127 7940 10900 46.5% 

140 7760 11100 44.6% 

149 7960 12400 40% 
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5. THE CHEMICAL ANALYSIS OF 

THE PRODUCT WATER 

chemical analysis and the purity 

parameters of the distillate water which 

were collected from the stills are listed in 

table (2). 

 

Table (2): shows the quality of the water source  

water quality PH TDS(ppm) 
Conductivity 

(mS.cm-1) 

Solar still 

water 
6.9 1 1 

Tap water 8.5 240 

Out of the 

rang of the 

device 

Mineral 

water(bought) 
7.3 36 16 

Brackish 

water 
7.9 650 

Out of the 

rang of the 

device 

 

From the Table (2) it is clear that the 

solar still yields a good quality of water . 

Some treatment is necessary to the 

produced water. That can be achieved by 

passing the distillate over a calcium 

containing material or by adding salt 

tablets to the product water. If the 

produced water is being stored for longer 

periods, chlorine based chemicals to the 

system must be dosed. 

where: 

 PH : power of hydrogen (An expression 

of the acidity of a solution; the negative   

logarithm of the hydrogen-ion 

concentration) 

TDS : Total Dissolved Solids(ppm). 

 

 

CONCLUSIONS: 

   The main observations and conclusions 

that can be obtained from the results of this 

work are the following: 

Solar distillation is particularly useful to 

give drinking water to small and isolated 

villages. Solar distillation can partially 

support humanity's needs by fresh water 

with free energy, simple technology and a 

clean environment. The largest part of 

distillate production was seen to take place 

between noon  and sunset, where the 

productivity was increased with the 

increase of solar radiation. The day 

average of distillate production of the 

pyramidal solar still has the same behavior 

and the variation in its productivity from 

one day to another due to the variation in 

the solar radiation and the other 

meteorological factors like clouds. The  

maximum  for  the  thermal efficiency 

arrived to(70.2 %) pyramidal solar still for 

the day (10/4/2014) (No. of day (100)). 

The distillate production can be increased 

when the temperature of the brackish water 

increases. The pyramidal solar still (PSS) 

is the best design appropriately in Basra 

region in this work. The hourly variation 

behavior of yield is similar to that of solar 

intensity and the distillate production can 

be increased when the temperature of the 

brackish water increases. 

 

REFERENCE: 

[1] Phadatare M.K. and Verma S.K.," 

Influence of water depth on internal 

heat and mass transfer in a plastic solar 

still," Desalination 217, 267–275, 

(2007). 

[2] Bachir B. ," A small solar desalination 

plant for the production of drinking 

water in remote arid areas of southern 

Algeria," Desalination 159, 197-

204,(2003).  

145



 

Algaim  , Mohammed  & Alhelal  : Study The Effect Of The External Reflector On The Efficiency Of Pyramidal … 
 

[3] Tiwari A.K. & Tiwari G.N. Thermal 

modeling based on solar fraction and 

experimental study of the annual and 

seasonal performance of a single slope 

passive solar still: The effect of water 

depths. Desalination 207, 184–204, 

(2007). 

[4] Omar O. Badran and Mazen M. Abu-

Khader, "Evaluating thermal 

performance of a single slope solar 

still", Heat Mass Transfer 43,985–995, 

(2007) . 

[5] Omar O. Badran," Experimental study of 

the enhancement parameters on a single 

slope solar still productivity", 

Desalination 209, 136–143, (2007). 

[6] Buros, O.K." The ABC’s of Desalting" 

2nd Edition. Produced by the Saline 

Water Conversion Council for The 

International Desalination Association, 

Riyadh, Saudi Arabia, (2000). 

[7] Barron O."Desalination Options and 

their possible implementation in 

Western   Australia" , Australia 

Potential Role for CSIRO Land and 

Water. CSIRO: Water for a Healthy 

Country National Research Flagship, 

Canberra. pp.1-37, (2006). 

[8] R.Venkataraman et al, National solar 

energy convention, Bangalore 560012 

(India), Allied publishers private 

limited, January (1982). 

[9]  M.S.Abdel-Salam et al, Second Arab 

international energy conferences, 

Bahrain  (1986). 

[10] Tiwari A., Tiwari G.N. ," Thermal 

modeling based on solar fraction and 

experimental study of the annual and 

seasonal performance of a single slope 

passive solar still: The effect of water 

depths," Desalination 207, 184–204, 

(2007) . 

[11] Huda  R. M.  Algaim et al.," Study of 

efficiency for the pyramidal solar still 

(PSS) in Basra city, Iraq", Scholars 

Research Library, Archives of Applied 

Science Research, 5 (5):62-67, (2013). 

[12]Ahmed J. Mohammed," Study the effect 

of reflector and mirrors on solar still 

efficiency", M.Sc.Thesis, Iraq, Basrah 

University,(2010).  

[13] Ahmed J. Mohammed," New design of 

the stepped solar still", Journal of 

Basrah Researches ((Sciences)) Vol.( 

39). No.( 3),  ( 2013 ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

146



Journal of Basrah Researches ((Sciences)) Vol. (42). No. (2) A (2016) 

 

 

 .العراق -البصرة  دينةدراسة تأثير العاكس الخارجي على كفاءة المقطر الشمسي الهرمي في م

 

 2، مثنى عبد الحسن عبود  2، احمد جاسم محمد  1هدى ريحان محصر

 .( هيئة التعليم التقني ، الكلية التقنية الجنوبية ، قسم هندسة تقنيات البيئة والتلوث1)

 ( جامعة البصرة ، مركز أبحاث البوليمر ، قسم علوم المواد.2)

 

 المستخلص:

. يتكييون الم  يير لمدينيي  البصير المختلفيي  نحي  الرييرال الةويي   هرميي  في  هيياا البحي  نييم قنييام م  ير  مسيي         
) احتهالهرم  من حيو  مسي  الم  ر الشمسيتكون (. mm 4الشمس  الهرم  من هيكل صنع من الزجاج ابسمك )

20.25 m)،   أجري  على هاا الم  ر إضيافا  الااةي  منهيا نحسيين أدام الم  ير الشمسي  اكيياد  افامنيه اإذتاجيي  إ
نم اختبار افام  الم  ر نح  نيثيير الايا ا الخيارج   االيام ةاميل عليى نراييز أ يا  الشيما ذحيو الم  ير الشمسي  

التيي  نييم  الهرميي افييام  الم  يير الشمسيي   الهرميي  اعلييى منييالف مختلفيي  منييه ) نييم قنارييه فيي  المختبيير الامليي (، اااذيي 
 .(% 70 - % 40الحصول عليها نترااح قين  )

 

 

 

 

 

 

 

 

 

 

147


