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Abstract—— In this work, an experimental study has been 

conducted on a solar still to investigate the influence of stone bed 

layer thickness on the productivity of the solar still. These 

present experimental study involves two identical solar stills: 

one of the stills is conventional and the other has a layer of fine 

stones on the base of the still. The fine stones were divided into 

three layers. Each experiment starts without stone layer. Then 

readings were taken from the still for one stone layer, two stone 

layers and three stone layers on the basin. The thicknesses of 

this layers are 10mm, 15mm and 20 mm, respectively.  The 

experiments were conducted at Mansoura University, Egypt 

(31° 04 ′N, 31° 21 ′ E), durin g November month, 2016. 

Temperatures at different locations in the still (water in the still, 

glass cover surface, stone and air – vapor mixture) are measured 

and recorded with time. In addition, solar radiation, ambient 

temperature and amount of distillated water are recorded 

during the experiments at various operating days. The present 
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results indicated that the enhancement of 3.79%, 7.06% and 

11.8% for one, two and three fine stones bed layers, respectively 

more than the conventional still. Also, it was showed that the 

efficiency was highest with the maximum stone bed thickness. 

 

I     INTRODUCTION 

HE presence of water is an important element for 

all organisms that live on the surface of the globe, 

as well as for the development of the economy of 

any nation. The percentage distribution of the water on the 

earth is 2.53% and 96.54% of freshwater and seawater, 

respectively [1]. The available fresh water for the people is 

0.36% of total fresh water [2]. However, the shortage of 

rainfall and the increase of population create water scarcity in 

many countries.  

Consequently, the major concerns in the world notably the 

third world at present is to find new resources and new 

processes of providing cheap fresh water, especially for 

people in remote areas. One of the options used to obtain 

fresh water from seawater is to use solar desalination system. 

The use of solar energy in desalination systems is gaining 

more momentum especially in the Gulf and Middle East 

regions where the solar radiation intensity is very high. It is 

an economical, effective and environment friendly 
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فٍ هزا انعًم، حى إجشاء دساست حجشَبُت عهً انًقطش انشًسٍ نهخحقُق فٍ حأثُش سًك -6انًهخص انعشبٍ 

طبقاث انحجاسة عهً إَخاجُت انًقطش انشًسٍ. وحشًم هزِ انذساست انخجشَبُت عهً اثٍُُ يٍ انًقطشاث 

والأخشي نذَها طبقت يٍ انحجاسة انذقُقت عهً قاعذة انًقطش. حى  انشًسُت انًخطابقت6 أحذٌ انًقطشاث حقهُذٌ

حقسُى انحجاسة انذقُقت إنً ثلاد طبقاث. حبذأ كم حجشبت بذوٌ طبقت حجشَت. ثى أخزث انقشاءاث يٍ طبقت 

 01واحذة، وطبقخٍُ، وثلاد طبقاث يٍ انحجاسة حىضع فٍ حىض انًقطش انشًسٍ. سًك هزِ انطبقاث هٍ 

 ’10o 04 ‘N,31o 21يى، عهً انخىانٍ. وأجشَج انخجاسب فٍ جايعت انًُصىسة، يصش ) 01يى و 01يى، 

E ،وحى حسجُم دسجاث انحشاسة فٍ يىاقع يخخهفت فٍ انًقطش انشًسٍ )انًاء، 0102(، خلال شهش َىفًبش .

َخى سطح انغطاء انزجاجٍ وانحجاسة وخهُط انهىاء وانبخاس( وحقاس يع يشوس انىقج. وبالإضافت إنً رنك، 

حسجُم الإشعاع انشًسٍ، ودسجت انحشاسة انًحُطت وكًُت انًُاِ انًقطشة خلال انخجاسب فٍ يخخهف أَاو 

٪ نهطبقت انىاحذة وطبقخٍُ وثلاد طبقاث 00.4٪ و3.12٪، 1.35انخشغُم. وأشاسث انُخائج انحانُت أٌ حعزَز 

اَج أعهً يع انحذ الأقصً نسًك طبقاث يٍ انحجاسة، عهً انخىانٍ يٍ انًقطش انخقهُذٌ كًا حبٍُ أٌ انكفاءة ك

 انحجاسة
 

T 
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technology.  

Solar stills are classified broadly into two categories 

namely passive and active solar stills. Passive solar stills 

require solar energy for evaporation of saline water whereas 

active solar stills require an additional thermal energy by 

external mode for faster evaporation [3-    

Many researchers [6-9] have provided an experimental 

and theoretical study for enhancing the performance of solar 

stills. They concluded that the simplest and least expensive 

solar stills are passive solar stills in comparison to active 

solar stills and the productivity depends on climatic 

conditions and various other parameters. In addition, there are 

numerous factors affect the performance of a solar still. The 

design factors such as absorbing material, absorbing area, 

condensing cover material, cover slope, cooling of cover, 

water depth, insulation material, insulation thickness, 

geographical position of the still, sun tracking system, etc. 

and the climatic factors such as solar intensity, ambient 

temperature, wind velocity, etc. affect thermal efficiency and 

the productivity of the solar still [3-    

A comprehensive review on the thermal performance as 

well as experimental modifications and various solar still 

(SS) designs was discussed in the literature [10-19]. Various 

modifications were applied on the solar still for enhancing the 

productivity and efficiency of solar still such as using pin 

finned wick [20], Nano fluid [21], evacuated tube [16], 

thermoelectric module [22-    and heat-pipe [24]. 

Due to the big influence of the availability of the useful 

energy and exergy from the system on the performance of 

any solar system, many researchers [25-32] have investigated 

the energy and exergy analysis to optimize the operating 

parameters and design. 

A double basin double slope solar still was fabricated by 

Rajaseenivasan et al. [33] in climate conditions of Madurai, 

India. They concluded that the efficiency of double basin still 

is higher than the conventional solar still with single basin by 

85% for the same basin condition. 

Kabeel, et al., [34] studied experimentally a double passes 

solar air collector–coupled improved solar still, with PCM to 

enrich the fresh water productivity. It was found that the daily 

productivity was approximately recorded 9.36 L/m2 for the 

double passes solar air collector– coupled improved solar 

still, with PCM, however its value is recorded 4.5 L/m2 for 

the conventional still. 

Deshmukh and Thombre [35] studied experimentally the 

performance of a single slope single basin solar still with 

sand and servo-therm medium oil as sensible passive storage 

material beneath the basin liner. the results indicated that for 

both, sand and servotherm medium oil, lower storage depths, 

the productivity was increased compared to conventional still. 

Samuel et al., [36] utilized different types of energy 

storage material to enhance the conventional solar still 

productivity. Their results showed that the output of 

freshwater using spherical ball salt storage achieves the 

maximum productivity of 3.7 kg/m2 as compared to a 

conventional single slope solar still. 

The objective of the present work is to study the 

freshwater productivity enhancement of single basin passive 

solar still with stone bed as energy storage medium. The used 

stone in the present work is basalt rock stone due to its wide 

availability and low cost. The effect of the thickness of stone 

bed is experimentally investigated, and the study results are 

compared with conventional still, to evaluate the 

enhancement in the solar still efficiency and freshwater 

productivity. 

II     EXPERIMENTAL WORKE 

In present study, two basin stills were designed, fabricated 

and constructed at the Mechanical Power Engineering 

Department, Faculty of Engineering, Mansoura University to 

compare the performance of the solar desalination system. 

One of them is a conventional type, and the other is an 

enhanced type with inserting fine stone bed in basin as shown 

in Figs. 1 and 2. The conventional still is made from 

galvanized iron sheet (1 mm thick) with a basin area of 1 m
 
 

(80 cm × 125 cm). The low-side wall height is kept at 70 mm 

and the high side wall depth is 320 mm for 17° inclinations. 

The inclination angle of the glass cover is certain on the basis 

of previous studies, in which it is stated that the most efficient 

angle for El-Mansoura city is around 15°     . The inner 

walls of the basin are coated with Black paint to improve the 

absorptivity. The outside still surfaces are insulated on the 

bottom and side walls with fiber glass 50 mm thickness to 

reduce the heat loss from the still to ambient. The basin is 

covered with a normal glass cover of 4 mm thickness. The 

gap between the glass cover and the still walls was filled with 

silicone rubber to prevent leakage to the atmosphere. 

The still with stone bed has the same dimensions and 

construction of conventional still. To study the effect of stone 

bed thickness, the stills were filled with 1 cm (one layer), 1.5 

cm (two layer), and 2cm (three layer) of Stone bed.    

A collecting V-trough is used to collect the condensed 

water into two 3 L capacity containers. The tube exit and 

flask inlet are covered by plastic sheet to prevent leakage of 

vapor outside the still. Schematic of the experimental system 

is illustrated in Fig.1.  

To keep the water level in the solar still at a level of 3 cm, 

each of the solar still units is supplied with a level controller 

as shown in Fig (2). The main design parameters of the still 

are presented in Table 1. 

 

 

Fig. 1. Schematic of the experimental test unit.  
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Fig. 2. View of the experimental test units 
 

The atmospheric temperature, solar radiation, basin 

temperature, stone bed temperature, basin water temperature, 

glass temperature and distilled water productivity were 

measured for every half an hour.  Solar power meter (TES-

1333R) is used to measure the solar radiation intensity with 

measuring range of 0 – 2000 W/m
 
, an accuracy of ± 10 W/ 

m
 
 and a resolution of 0.1 W/m

 
. The temperatures are 

measured by using thermocouples of type K with accuracy of 

   
o
C and a resolution of 0.1 .  

The daily thermal efficiency of the solar still can be 

calculated from the following expression; 

 

  
      

     
     

 

where (mw) is the production rate of fresh water in Kg/s, 

(hfg) is the latent heat of water evaporation at an average 

water temperature in kJ/kg, (Ab) is the basin area for each m
 
 

and (Is) is the solar radiation intensity in W/m
 
. In calculation 

of the daily efficiency, latent heat of evaporation is taken as 

an average value of 2257 kJ/kg, and basin surface area is 1 m
 
. 

 

III     RESULTS AND DISCUSSION 

 Fig (3-a) shows the temperature variation at different 

locations (glass surface, basin, stone surface and air–vapor 

mixture) for the solar still with the absence of fine basalt rock 

bed. The temperatures measured for one day were noted to be 

a similar pattern of the amount of solar intensity.  It is clear 

that the temperature increased as the solar intensity increased 

during the day. The solar intensity reached its maximum 

about mid of the day but the temperature reached its 

maximum about 1.00 p.m. This is due to the time lag between 

the energy supplied for vaporization and condensate 

collected. During the time from 12:30 p.m. to 1:30 p.m., the 

reduced solar intensity increased the temperature difference 

between the seawater and glass cover, and resulted in more 

condensation of water vapor.  

Fig (3-b) shows the variation of temperatures at different 

locations (glass surface, basin, stone surface, air–vapor 

mixture and water) of solar still with basalt rock stone bed. 

The energy stored in the stone bed was given to the seawater 

during late evening hours, which increased the yield of the 

still. There was a steep increase in yield of the still till 12.00 

p.m. and there was a steep decrease in yield of the still after 

2.00 p.m.  The same trend has been observed for two and 

three stone layers as shown in Fig (4-a), (4-b), (5-a) and (5-c). 

 

 

 

 

 

 

Fig (3) Variation of temperatures with time for date 1/11/2016 for angel 

  o one layer (a)with Stone, (b) without Stone 
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TABLE I 
STILL DESIGN PARAMETERS 

 

Basin dimensions, mm 800 × 1250 

Glass cover angle, deg. 17o 

Insulation thickness, mm 50 

Thickness of the layers of stones used, mm 10, 15, 20 

Water Level in the basin, mm 30 
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Fig (4) Variation of temperatures with time for date 2/11/2016 for angle 

  o two layers (a)With Stone, (b) Without Stone 

 
 

 

Fig (5: a,b) Variation of temperatures with time for date 5/11/2016 for 

angel 17o three layers (a)With Stone, (b) Without Stone.  

 
Variation of the cumulative daily amount of distillate per 

unit area as well as the cumulative daily amount of solar 

radiation incident on a 1 m2 basin area at three different stone 

bed thickness as (one stone layer of thickness of 1 cm, two 

stone layers of thickness of 1.5 cm and three stone layers with 

thickness of 2 cm) is presented in Fig (6). The productivity is 

enhanced when inserting the stone bed layer in the basin for 

each thickness (one, two, and three stone bed layers) as 

shown in Figs. (6-a), (6-b), and (6-c); respectively. It was due 

to the fact that more energy was absorbed from the sun 

radiation and stored by the stone bed and the same energy 

was made use of more fresh water where most of heat 

absorbed in water layer is consumed in the evaporation of 

water vapor. Another most remarkable result observed is that 

the productivity increases with an increase in the stone bed 

thickness as shown in Figs. (6-a), (6-b), and (6-c).  It has been 

found that using stone bed gives an enhancement of 3.79 %, 

7.06 % and 11.8 % for one, two and three stone bed layers at 

days of 1, 2 and 3 /11/2016, respectively. 
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Fig (6: a,b & c) Accumulated values of solar radiation and distillate with 
time for three different days 

 

The hourly variation of thermal efficiency which 

calculated based on the instantaneous yield using the 

Equation (1) has been shown in Fig. (7). It has been observed 

that the minimum efficiency values of the systems for one-

layer stone bed and still without stone are 17.73% and 

 8   %, respectively at  8:   am o’clock as shown in Fig. 

(7-a) and the maximum efficiency values for one-layer stone 

bed and still without stone are 36.89% and 34.17%, 

respectively at  :   pm o’clock  For two-layers stone bed, the 

minimum efficiency values of the systems were 16.01% 

versus 19   % for conventional still at  8:   am o’clock and 

the maximum efficiency values for one-layer stone bed and 

still without stone are 38.98% and 33.63%, respectively at 

  :   pm o’clock as shown in fig    -b). Finally, from fig. (7-

c), the minimum efficiency values of the systems for three-

layers fine stone bed and the other still without stone are 

    9% and      %, respectively at  8:   am o’clock the 

maximum efficiency values for one-layer stone bed and still 

without stone are 40.98% and 34.51%, respectively at 01:30 

pm o’clock  

 

 
 

 

 

Fig. (7) Comparison between the hourly efficiency and  

solar radiation with time 

 

Figure (8) shows the overall thermal efficiency of the 

solar still for all cases of stone bed. The efficiency of the still 

with the one, two and three stone layers was noted to be 

21.9%, 22.15% and 22.8%, respectively, whereas the 

efficiency of the still without stone was noted to be 20.37%. 

The increase of efficiency was because of the larger 

temperature variance maintained between the basin seawater 

surface and inner surface of the glass cover and the reduction 

of energy losses by the still. 

 

0

1000

2000

3000

4000

5000

6000

7000

8000

0

200

400

600

800

1000

1200

1400

8:00 12:48 17:36

S
o

la
r
 R

a
d

ia
ti

o
n

 I
n

te
n

si
ty

 

(W
/m

2
) 

 

P
ro

d
u

ct
iv

it
y
  

(m
L

) 

Time(hr) 

(b) 2/11/2016 

Q AccumulatedWithout Stone

Q Accumulated With Stone

Q AumulatedSolar RadiationW/m2

0

1000

2000

3000

4000

5000

6000

7000

0

200

400

600

800

1000

1200

8:00 10:24 12:48 15:12 17:36

S
o
la

r
 R

a
d

ia
ti

o
n

 I
n

te
n

si
ty

 

(W
/m

2
) 

 

P
ro

d
u

ct
iv

it
y
  
(m

L
) 

Time (hr) 

(c) 3/11/2016 

Q Accumulated With Stone

Q AccumulatedWith  out Stone

QumulatedSolar Rad iationW/m2

0

100

200

300

400

500

600

0

5

10

15

20

25

30

35

40

8:00 10:24 12:48 15:12 17:36

S
o
la

r 
R

a
d

ia
ti

o
n

 

In
te

n
si

ty
 (

W
/m

2
) 

 

E
ff

ic
ie

n
cy

 (
%

) 

Time (hr) 

without stone layer
One layer of stone
Solar Radiation (W/m2)

0

100

200

300

400

500

600

700

0

10

20

30

40

50

8:00 10:24 12:48 15:12 17:36

S
o
la

r
 R

a
d

ia
ti

o
n

 

In
te

n
si

ty
 (

W
/m

2
) 

 

E
ff

ic
ie

n
cy

 (
%

) 

Time (hr) 

without stone layer

Two layers of stone

Solar Radiation (w/m2)

0

100

200

300

400

500

600

0

5

10

15

20

25

30

35

40

45

8:00 10:24 12:48 15:12 17:36
S

o
la

r
 R

a
d

ia
ti

o
n

 I
n

te
n

si
ty

 

(W
/m

2
) 

 

E
ff

ic
ie

n
cy

 (
%

) 

Time(hr) 

without stone layer

Three layers of stone

Solar Radiation (w/m2)



M:          A. F. MOHAMED, A. A. HEGAZI AND G. I. SULTAN 

 

 

Fig (8) Comparison of overall thermal efficiency with number of layers 

 

IV     CONCLUSIONS 

An experimental work has been performed on the solar 

still with basalt rock fine stones bed as an energy storage 

medium. Two identical experimental units have been 

designed and experimentally tested to study the performance 

of the still with this modification. One of the two units is a 

conventional still which is used as a reference unit, while the 

other one is enhanced with fine stone bed layers. The effect 

of thicknesses of the stone bed on the performance of the 

solar still was experimentally investigated under the 

atmospheric conditions. The following conclusions have been 

drawn: 

 - Inserting the stone bed layers in the solar still basin 

could enhance the still productivity and efficiency. 

 - The solar still productivity and efficiency were 

enhanced with increasing the thickness of the stone bed. 

 - The productivity of the solar still for one, two and 

three stone bed layers enhanced by about 3.79 ,7.06 and 

11.8%, respectively than the conventional solar still. 

 - The efficiency of the solar still with the one, two and 

three stone layers was noted to be 21.9%, 22.15% and 22.8%, 

respectively, whereas the efficiency of the solar still without 

stone was noted to be 20.37%. 
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