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 The world demand for potable water is increasing steadily with growing population. 
Economical and applicable water desalination solar still coupled with a solar collector 

was designed and investigated, which can be considered an appropriate solution for 

solving the water scarcity in remote and semi-arid areas without using the high grade 

energy. Water desalination using solar energy is suitable for potable water production 

from seawater. Experimental investigations were conducted using the designed 

desalination system. The tabulated experimental results obtained were corresponded 
with the theoretical analysis. The productivity of the still is increasing with the 

increasing in the solar radiation and the temperature of water. The heat absorbed by 

basin water depends on solar radiation, transmissivity, absorptivity and heat losses from 
basin water tank. The desalinated water produced by this system is increased gradually 

during experiment. The gradual increase in the water production reaches its maximum 

value of 0.13 L/m² at 13:00 pm were the solar radiation is higher. The experimental 
results showed that water production is significantly affected by the solar radiation 

intensity during the day.  
 

 
© 2014 AENSI Publisher All rights reserved. 

To Cite This Article: Ahmad S. Awad, Solar Desalination System. Aust. J. Basic & Appl. Sci., 8(13): 446-453, 2014 

 

INTRODUCTION 
 

 There is an important need for fresh water in many applications such as agricultural, industrial and domestic 

uses. Fresh water is a prime factor in regional economic development. Even though there are many coastal 

locations where seawater is abundant but potable water is not available. Oceans represent an unlimited source of 

water but are unsuitable for human consumption due to their salt content. Salty water desalination constitutes an 

important alternative for satisfying present and future demands for fresh water around the worlds. Distillation of 

waste-water or sea water to get clean water consumes energy. Renewable energy usage in distillation of waste 

water to be used for drinking, industrial processes and medication was the main board of several researches, 

which has been considered as a one of the most important technological works undertaken in many countries 

(Badran, 2011). Many areas in Middle East and elsewhere have little or no natural water supplies can be used 

for human consumption and, and so, depend heavily on water produced by desalination. Several methods of 

solar water desalination are known. Many workers indicate that the utilization of solar energy for water 

desalination is becoming more attractive as the cost of energy is continuously increases. Solar desalination is 

particularly important for locations where solar intensity is high and there is a scarcity of fresh water. The 

methods of solar water desalination are classified according to the way in which solar energy is used; the best-

known method is the direct use of solar energy (Kunze, 2001). 

 Solar desalination uses the heat of the sun directly in a simple piece of equipment to purify water. The 

equipment, commonly called a solar still, consists primarily of a shallow basin with a transparent glass cover. 

The sun heats the water in the basin, causing evaporation. Moisture rises, condenses on the cover and runs down 

into a collection trough, leaving behind the salts, minerals, and most other impurities, including germs (Ahmad 

Awad, et al., 2013). A number of researches have been made to develop and improve the performance of solar 

desalination systems. The experimental study of a vacuumed solar still system presented by Awad et al (2013) is 

investigated here. The designed model consists of a glass cover, basin water equipped with reflecting mirror and 

insulation, and controlled vacuum pump to create vacuum inside the still to decrease the saturation temperature 

of water and in order to increase the yield.. The highest temperature developed inside the distilling device was 

51˚ C at ambient temperature of 24˚ C, the daily water production was 1.2 L/m2.day, and the efficiency of the 

solar still was 15%. Experimental and computational work has been conducted by Efat Chafik (2003) to prove 
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the applicability of a new desalination design. The basic unit operation in the suggested design is to use solar 

energy for heating air stream and in the second step to add sea water into the hot water in order to humidify it. It 

follows a cooling step of the humid air providing potable water as a condensate. The manufactured prototype 

provides 10 m³ of potable water daily. A theoretical analysis and preliminary experimental results for an 

innovative water desalination system using low grade solar heat was presented by S. Al-kharabsheh (2003). The 

proposed system utilizes natural means (gravity and atmospheric pressure) to create a vacuum under which 

water can be rapidly evaporated at much lower temperatures and with less energy than conventional techniques. 

The effect of various operating conditions, namely;  with drawl rate, depth of water body in the evaporator, 

temperature of the heat source, and condenser temperature, on the system performance were studied. The 

yielded distilled water was doubled compared with conventional system for the same input. Experimental and 

theoretical analysis of a modified solar desalination system was carried out by Zeinab S. Abdel-Rehima (2007). 

Improvement of the productivity and the performance of the system were achieved by introducing a solar 

parabolic trough with focal pipe and simple heat exchanger. A new approach to store excess heat energy in 

horizontal solar desalination still during day time for the continuation of the process at night was suggested by 

N.H.A. Rahim (2003). The proposed system divides the horizontal still into evaporating and heat storing zones. 

An improvement in the suggested system was evaluated. The effect of input solar irradiance and vacuum 

pressure in the flash evaporator of a prototype solar desalination system was investigated by J. Joseph, R. 

Saravanan (2005). It was found that a variation in solar irradiance from 400 to 900 w/m² leads to an increase in 

the system efficiency by about 10%. A solar assisted heat pump desalination system was conducted by M.N.A. 

Hawlader (2004), depending on preliminary experimental results. It was found that the proposed system can be 

effectively used for a small scale desalination system whereby hot water can be obtained. Other researchers (Al-

Kharabseh and Yogi Goswami, 2003; Bemorad, 1995) have investigated the concept of evaporation at low 

temperatures under vacuum conditions and reported good improvement in the system performance. In the 

condensate experiments vacuum was produced through vacuum pump. Naturally, solar radiation falling on the 

surface of rivers, lakes, marshes and oceans is absorbed as heat and causes evaporation of water from these 

heated surfaces. The resulting vapours rise as humidity of the air above the surface and move along winds. 

When the air vapor mixture is cooled to the dew point temperature, condensation may occur; and the pure water 

may be precipitated as rain or snow. The essential features of this process are thus summarized as the production 

of vapours above the surface of the liquids, the transport of vapours by winds the cooling of air-vapour mixture, 

condensation and precipitation. This natural process is copied on a small scale in basin type solar stills (Tiwari). 

One of the main reasons behind the low efficiency of solar stills is the loss of the latent heat of condensation to 

the surrounding and the sensible heat carried away by the condensate. The use of latent heat of condensation to 

preheat the feed water has shown good improvement in the still’s performance (Kunze, 2001; Schwazer, et al, 

2001). 

 

Theoretical Analysis: 

 The absorbed solar energy  by the glass cover is given as 

cgsgg qIαq 
              (1) 

 Where  is the solar insulation for the selected site, is the absorptivity of the glass and equals to 0.04, 

and  is the sum of the heat losses from the glass cover and the surrounding air by convection  and by 

radiation  as the following equations: 

rgcgLg qqq 
              (2) 

 agcgcg TThq 
             (3) 

 Where  is the heat transfer coefficient from the glass cover to the surrounding which is a function of 

the wind speed  and equals to 3 m/sec,  or  is the outer glass temperature, and  or  is the outside 

ambient temperature, K) can be calculated from the following relations (Kalogirou, 1997): 

scg w8.37.5h 
             (4) 

 4

a

4

ggrg TTσεq 
             (5) 

 Where  is the emissivity for the inner glass surface, dimensionless and equal to 0.89 and  is the 

Stefan-Boltzmann constant and equal to 5.669 x 10-8 W/m2 K4, and  is air temperature. The equation of the 

heat absorbed by basin water of area (0.25 m²) is expressed as: 

Lwswww qIατq 
             (6) 



448                                                                         Ahmad S. Awad et al, 2014 

Australian Journal of Basic and Applied Sciences, 8(13) August 2014, Pages: 446-453 

 Where  is transmissivity of the basin water equal to 0.8,  is the absorptivity of the basin water  equal 

to 0.7,  is the daily solar radiation,  is the total losses of the basin water and is described as follows: 

LbCwRwEwLw qqqqq 
           (7) 

 Where  is the evaporated heat transfer rate of saline water and is a function of the distillate production 

of fresh water  hmLw 2

p , given as: 

3600/Lρ10wq ww

6

pEw


           (8) 

 Where,  is the density of basin water, equals to 1000 kg/m³, and  is water latent heat, equals 

to  kg/J10355.2 6 .  is the rate of heat transfer by radiation between the saline water and the inner 

glass cover surface ,described as: 

 4

gg

4

wwgwRw TεTεσFq               (9) 

 Where  is the shape factor, depends upon the geometry of the still and nature of radiation. The 

geometry can be approximated by two parallel planes. It is usually taken as 0.9 for the condition inside the solar 

still [14].  is the emissivity of saline water surface and equal to 0.96, while  is the emissivity of the inner 

glass surface and equal 0.85.  is the convective heat transfer rate between the saline water and the inner 

glass cover surface, given as: 

 
gwcwcw TThq 

          (10) 

 Where  is the convective heat transfer coefficient between the saline water and the inner glass cover 

surface, which is calculated with the following relations [14]. 

     5.0

gwwawwgw

4

cw TT)PP96.2/(TPP1084.8h  

  (11) 

 Where ,  are vapour pressure of water at water surface temperature, vapour pressure of water at 

glass cover surface temperature at atmospheric pressure N/m², respectively, and  is water temperature. 

 is the heat loss by convection through the basin base and sides to the ground and surrounding, given as [2]: 

 awLbLb TThq 
          (12) 

 Where  the equivalent heat is transfer coefficient by convection from the basin to the surrounding and 

obtained from the following empirical equation (Kunze, 2001): 

ininLb Kh 
            (13) 

 Where  and  are thermal conductivity and equals to 0.038 W/m.K and the thickness of the 

insulation and equals to 0.03 m, respectively. 

 

Experimental setup: 

 The experiments were conducted using a solar desalination system design shown in Figure 1. It is 

composed of an inclined transparent glass cover (The glass must be set at an angle so that the water dose not 

drip off and fall back into the salt water basin, 50o is the recommended angle), insulated water basin equipped 

with a reflecting mirror, a controlled vacuum compressor, and thermocouples. The  solar still model was used 

for the experimental task consists of a basin of salty water with a sloping glass cover and sealed within low 

walls like a house with a glass roof to analyze the solar desalination as shown in Figure 1. 

 

 
 

Fig. 1: Experimental setup (solar desalination system. 
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 The physical dimensions of the designed system were sufficient to conduct the experimental matrix. The 

designed parameters and dimensions of the experimental model are shown in Table 1. The bottom of the basin is 

coloured black and is well insulated underside, so when the sun shines the heat is attracted by the black surface 

and heats up the water. 

 
Table 1: Dimensions and parameter values of the solar still components. 

steel plate inside (black sheet) 1.5 mm 

 outside (silver sheet) 1.0 mm 

glass thickness 4.0 mm 

 length 780 mm 

 width 500 mm 

mirror angle 10o 

 length 430x450 mm 

basin water tank  500x500x60 mm 

fresh water tank  100x100x200 mm 

Compressor max. power  120 w 

insulation resistance  0.7895 m2 co /w 

 

 K-type thermocouples were used to measure the temperatures at different locations within the system and 

they were as following:  

 T1: the temperature of the mirror  

 T2: the temperature of the inner surface of the glass cover  

 T3: the temperature inside the system  

 T4: the temperature of the top of the basin water  

 T5: the temperature of the bottom of the basin water  

 T6: the temperature of the outer surface of the glass cover  

 T7: the temperature of the outside  

 A pyranometer was used for the measurement of solar radiation received from the whole hemisphere. It is 

suitable for the measurement of the global or sky radiation usually on a horizontal surface. .A flow meter was 

used to measure linear, nonlinear, mass or volumetric flow rate of a liquid or a gas. The system receives water 

through the treasury valve, and the water accumulates in the water base. When the compressor start working a 

vacuum pressure is created inside the device where the evaporation of the water is enhanced when the pressure 

inside the device reach the required value. A pressure sensor gives a signal to the compressor to stop evacuating 

the air from the water still and as the pressure increase over the set point the sensor gives signal to the 

compressor to repeat evacuating again to the required pressure. This pressure will be continued repeatedly until 

the fresh water tank reaches the upper level where the compressor reverse its process to compress air to the 

solenoid valve to open and left fresh water to out of the fresh water tank. 

 

RESULTS AND DISCUSSION 

 

 A solar still is a device which can solve the problem of potable water without using the high grade energy. 

An overview has been given in this work of introduction to solar still with a view to explain the principle and 

the mechanism of operation. The experimental investigations were conducted using the designed desalination 

system. The effect of various parameters governing the operation of solar still is also reviewed in a view to 

enhance operational efficiency as described previously in the test matrix in this test the normal atmospheric 

pressure was the only effect on water desalination process, i.e. without operating the compressor. Experiment 

was carried out during Dec 17 2012 from 9 AM to 3 PM. The resolution of equations presented in the theoretical 

analysis section was employed to determine the result shown in Table 2, 3 and 4 after some measurements as the 

hours of the day change The tabulated experimental results obtained show that it corresponds favorably with the 

theoretical analysis and the productivity of the still increases with the intensity of solar radiation and the 

temperature of water. 

 
Table 2: Values of temperatures, radiation intensity, and water production. 

Time(h) Radiation 
(W/m²) 

T1 C
O T2 C

O 
 

T3 C
O 

 
T4 C

O T5C
O T6 C

O T7 C
O Distilled 

water(L/m²) 

9:00 302 12 15 14 13 16 17 8 0 

10:00 338 17 21 15 16 19 20 10 0.021 

11:00 384.8 20 26 18 19 23 24 13 0.053 

12:00 486 23 29 20 20 25 28 15 0.084 

13:00 517 25 31 21 22 24 30 16 0.13 

14:00 492 22 26 19 20 21 25 15 0.12 

15:00 431 20 22 16 18 19 21 14 0.10 
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Table 3: Result Of Glass Cover Thermal Analysis. 

Time(hr) 
    

9:00 153.9 88.7 242.6 -230.5 

10:00 171 95.6 266.6 -253 

11:00 188.1 104 292 -276.6 

12:00 222.3 118.4 340.7 -321.3 

13:00 239.4 123.9 363.3 -342.6 

14:00 171 100.8 271.8 -252 

15:00 119.7 85.1 204.8 -187.5 

 
Table 4: Results Of Basin Water Thermal Analysis. 

Time(hr) 
    

9:00 29.3 6.3 35.6 133.3 

10:00 17.66 7.56 25.66 164.4 

11:00 9.46 7.56 17.02 198.5 

12:00 0.25 6.3 6.55 265.6 

13:00 0.55 7.56 8.11 281.5 

14:00 14.36 6.3 20.66 255.2 

15:00 22.7 5.04 27.7 213.6 

 

 Figure 2 presents the time variations of solar radiation and the heat absorption by the glass inside the 

desalination system. It can be seen that the time variations of heat is of low values before and after the midday. 

The heat difference between the start and the end of desalination period is about 72 – 243 W/m2, while it is 

about 165 W/m2 at the mid of the day. It is due to the condensate water that accumulated after time of operation.  

The time variations of experimental solar radiation absorbed by the glass compared with the solar radiation 

during the day is shown in figure 3. The curve is essentially quadratic with maximum occurring at 13:00 pm. 

While the maximum solar radiation was 517 W/m2, the maximum heat absorption was 281.5 W/m2. The heat 

absorbed by basin water depends on solar radiation, transmissivity, absorptive and heat losses from basin water 

tank. By the time the heat absorbed by basin water increases until 13:00 pm then it begin to decline according to 

the relation between heat absorbed and solar time as shown in figure 3.  Figure 4 clearly reveals the related 

variations of both the total heat loss by solar radiation and the heat absorption relations with the time variations. 

The results showed considerable spatial variations between heat loss and heat absorption.  Figure 5 shows the 

variation of water production rate as a function of time during the day. The desalinated water produced by this 

system is increased gradually during experiment, which is due to the increase of solar radiation. The gradual 

increase in the water production reaches its maximum value of 0.13 L/m² at 13:00 pm were the solar radiation is 

higher.  
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Fig. 2: Time variations of experimental solar radiation absorbed by the glass compared with the solar radiation  

during the day. 
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Fig. 3: Time variations of experimental solar radiation flux during the day. 
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Fig. 4: Time variations of experimental solar radiation absorbed by the glass compared with the sum of heat loss  

during the day. 
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Fig. 5: Time variations of experimental desalinated water during the day. 
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Conclusions: 

 Economical and applicable water desalination solar still coupled with a solar collector was designed and 

investigated, which can be considered an appropriate solution for solving the water scarcity in remote and semi-

arid areas. The experimental results showed that water production is significantly affected by the solar radiation 

intensity during the day. The water production reaches its maximum value of 0.13 L/m² at 13:00 pm were the 

solar radiation is higher. For high efficient solar still, a large temperature difference between evaporated water 

and condensing surface should be maintained. The efficiency of the solar still device can be enhanced by 

selecting better dimensions, Configurations and better quality of materials and components. 
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Nomomenclature 
β: Slope angle of the glass equal 50o 

T1: Mirror temperature (oC) 

T2: Temperature inside the glass (oC)  
T3: Temperature inside the system (oC) 

T4: Temperature of the top of the basin (oC) 

T5: Temperature of the bottom of the basin (oC)   

T6: Temperature outside the glass (oC) 
 Tg: The glass temperature (K) 

To: The outside temperature (K). 

Ta: The ambient temperature (K). 
Tw: Water temperature (oC). 

Fs1: Lower sensor level fresh water tank. 

Fs2: Upper sensor level fresh water tank. 

R1: Relays contactor. 

qg: The absorbed solar energy by the glass (W/m2). 

qlg: Sum of the heat losses . 

qcg: Heat losses from the glass cover and the surrounding air by convection. 

qrg: Heat losses from the glass cover and the surrounding air by radiation. 

qw: Heat absorbed by basin water(W/m2). 

qlw: Total heat losses of the basin water (W/m2). 

qew: Evaporated heat transfer rate at the saline water surface (W/m2). 

qrw: Rate of heat transfer by radiation between the saline water and the inner glass cover surface (W/m2). 

qcw: Conviction heat transfer rate radiation between the saline water and the inner glass cover surface (W/m2). 

qlb: Heat losses by convection through the basin to the ground and surrounding (W/m2). 
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hcw: Convective heat transfer coefficient between the saline water and the inner glass cover surface (W/m2K). 

hcg: Heat transfer coefficient from the glass cover to the surrounding (W/m2K). 

hlb: Equivalent heat transfer coefficient by conviction from the basin to the surrounding (W/m2K).  

Is: Solar insolation for selected site (W/m2). 

Is: The daily total solar radiation (J/m2 day). 

αg: Absorptivity of the glass. 

αw: Absorptivity of basin water. 

Lw: The water latent heat equal 2.355*106 (J/Kg). 

Wp: The daily total distillate water (L/m3 day). 

w: Density of the basin water equal 1000 (Kg/m3). 

g: Emissivity of the inner glass surface equal 0.85. 

w: Emissivity of the saline water  surface equal 0.96. 

: Stefan-Boltzman constant equal 5.669 10-8 (W/m2K4). 

w: Transmissivity of the basin water. 

F (w-g): Shape factor taken as (0.9) for the condition inside the solar still. 

K in: Thermal conductivity (W/m.ºK) 

X in: Thickness of the insulation (m). 

 

 

 

 

 


