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This current work studies the effects of initially saturated porous medium and humid air 
region on the water vapor condensation. The experiments of the present study were 
conducted on a double slope solar still (DSSS). The DSSS liner dimension is 1.9 m by 0.86 m 
by (0.02 m, 0.03 m and 0.04 m). The effect of porous medium thickness on the productivity 
of distillate was considered as well. The DSSS is used for desalination of salt water at 
different climatic conditions (winter and summer seasons). The results showed that the humid 
air temperature was higher than the porous medium temperature all time of day light and 
seasons whenever the water vapor absorbs the infrared radiation in bands region of 1.38 and 
1.8 µm. There is energy storage in the humid air region whenever energy storage increases, 
the humid air temperature increases. Also the results showed that the high porous medium 
thickness did not enhance the amount of water diffusion but the solar flux is significantly 
affected the amount of distillate water.  
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1. INTRODUCTION 
 

 Kabeel [1] reported that, single-effect solar still is a simple solar device used for 
converting the available brackish or waste water into potable water. This device has 
many advantages like being easily fabricated from locally available materials and 
cheap maintenance with low skilled labor. A number of works were undertaken to 
improve the productivity of the still. The still productivity and efficiency depended on 
parameters like location, solar radiation intensity, atmospheric temperature, basin 
water depth, glass cover material, thickness and inclination, wind velocity and the 
heat capacity of the still. One of the methods to increase the productivity is by 
decreasing the volumetric heat capacity of the basin. The basin water depth was the 
main parameter that affects the performance of the still. The basin water depth is 
having significant effect on productivity of the solar still. Investigations show that, the 
productivity of solar still is inversely proportional to the water depth [1,2].  
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Al-Karaghouli and Minasian [3] investigated three types of solar still, namely a 

conventional basin type, a tilted-wick type, and the new, floating-wick type solar still. 
The later has a corrugated shape. Each still consisted of a metallic basin 0.8 x 0.6 m in 

dimension, covered with 4 mm of transparent glass inclined at an angle of 
o12  to the 

horizontal. The bottom and sides of the stills were well insulated by a single layer of 
polystyrene, 50 mm thick. The metallic basins with the insulation beneath were 
contained in 20 mm thick wooden frames. They [3] found that their  new proposed 
floating-wick type solar still can produce a higher output when compared with both 
conventional basin-type and tilted-wick type solar stills, especially during the hot 
months. It was also shown that still outputs were almost doubled when tracking was 
used. The annual average production for months January to October was 3.293, 3.179 
and 4.029 l/m2 /day for conventional basin type, a tilted-wick type, and the new and 
floating-wick type solar still respectively when the still was tilted to the south. The 
annual average output for conventional basin type, a tilted-wick type, and the new and 
floating-wick type solar still was 5.235, 5.107, 6.845 l/m2 /day respectively when both 
azimuth and altitude tracking were used. 

Kabeel [4] studied a concave type solar still which was designed and constructed 
for the purpose of experimental work. The basin of the solar still was a concave with a 
1.2 m x 1.2 m square aperture. It is fabricated from steel 2 mm thick. The bottom and 
sides of the basin were insulated by 100 mm thickness glass wool surrounded by a 
steel 2 mm thick. The basin depth of concave surface is 300 mm. The weir took the 
same shape of the concave surface and had a thickness of 5 cm covering the basin. . 
He [4] found that the temperature of the four glass cover surfaces was not equal 
especially till afternoon, the average distillate productivity of the proposed still during 
the 24 hours' time was about 4 l/m2 /day and the still's efficiency was 0.38 at solar 
noon. It is higher than the conventional type solar still's efficiency.  

Velmurugan et al. [5] made a comparative study between the performance of 
ordinary single basin solar still and wick type still. To increase the exposure area, the 
basin plate was redesigned with five fins with height, length and breadth of 35, 900 
and 1 mm, respectively were used. The performance was also compared to that when 
using of sponges. Theoretical analyses were also made by using energy balance with 

an inclination of 
o10 , which is the latitude of Madurai country. They found that the 

performance of simple basin solar still was enhanced by using fins, sponges and wicks 
for augmenting its productivity. Experimental results showed that the average daily 
production was higher when fins were used in the still. The experimental analysis 
agreed well with the theoretical. The maximum deviation between theoretical and 
experimental results was around 10%. The productivity increased from 1.88 to 2.8 
kg/m2. Amimul and Teruyuki [6] proposed a new mass and heat transfer model of a 
tubular Solar Still (TSS). Their model was incorporating various mass and heat 
transfer coefficients taking account of the humid air properties inside the still.  

Kavianym and Mittal [7] studied experimentally, using glass beads and 
convective heating, and analytically, using the volume averaged conservation 
equations for capillary driven liquid flow and empirical constitutive relations. The 
drying of a non-hygroscopic porous slab, initially saturated with liquid, up to the time 
of the first appearance of dried patches (critical time), was considered. The time at 
which the surface begins to dry was predicted using the available conservation 
equations and the experimentally determined constitutive relations. The predicted 
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results were in good agreement with the experimental results. The critical time is 
proportional to the internal liquid transport conductance (the Peclet number) and 
inversely proportional to the external (surface) heat and mass transport conductance 
(the product of the surface saturation coefficient and Biot number). The functional 
relationship between the critical time, Peclet number and Biot number was not simple 
due to the rather complex interactions between the external and internal processes. 

The present work is a new approach for distillation of sea water. A porous 
medium is used with specified Known thermophysical and optical properties. The 
porous medium is used initially saturated. A cheap and available sand is used as a 
porous medium. Its properties are that of glass wherever the glass has about 90% 
sand. Different sand thickness values were used in experimental tests and solution 
concentration is assumed to be that of the sea water concentration (0.035 kg solute/kg 
solution). The results show that the distillate volume depends upon the porous 
medium thickness, solar flux and porous medium properties. The solar flux had the 
major effect on the production rate. The sand reflectivity and impurities in sand 
particle affect the amount of solar radiation absorption. 
 

 2. MATERIAL AND METHODS  
 

Fig. 1 is the DSSS parts and the DSSS dimensions were 2 m by 1 m by 0.3 m. 
The dimensions of the steel liner are 1.9 m by 0.86 m by (0.02 m, 0.03 m and 0.04 m). 
The liner was manufactured in a way that made it easy to change its heights in three 
different values, 0.02, 0.03 and 0.04 m. The sand height is adjusted based on the liner 
height. The solar still was constructed to simulate most conventional solar still. The 
4.0 mm thick glass is clear type. It has the following properties, the density is 2340 
kg/m3, the specific heat is 0.84 kJ/kg K, the thermal conductivity is 0.00078 W/mK, 
the emissivity is 0.88, glass absorption coefficient inside glass thickness is 30 m-1   
and its mean reflectivity is 0.04. 

The sand porosity depends upon the container volume and density of sand grains 
in this volume. The porosity is measured for each test case for solar still wherever the 
grains are randomly distributed in the container. For calculating sand porosity, some 
parameters must be calculated which are: 

 

 
 

Figure 1. Experimental solar still parts 
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1. dρ  is the sand dry density (baulk density)  







3m

kg
 

( )
( )3mcomtainer  of volume

kg  volumespecifiedin  mass sand
d =ρ                                                                    (1) 

2. The sand specific gravity (Gs) which is calculated by weighing specified 
quantity of sand and putting this quantity in specified volume of saline water. 

Thus, the Gs is estimated from the following equation: 

 ( )( ) l

weight
Gs

ρgrains solid of voume  volumeliquid displaced

grains sand of =                                         (2) 

Using Eqs. 1 and 2 which the sand void fraction e is calculated as: 

1−= l
d

Gs
e ρ

ρ
                                                                                                                (3) 

Then the sand porosity is calculated as: 

e

e

+
=

1
φ                                                                                                                        (4)   

The saline water is prepared according to sea water salinity which in the current case 
is red sea's solution concentration. This concentration represents an approximate value 
of a dissolved salts of 45000 ppm. The major component of dissolved salts is sodium 
chloride (NaCl) and the saline water mass is calculated as: 

lcrlsol
LASm ρφ=                                                                                                   (5)                                                                                                                 

where: 

solm  is the solution mass (kg) 

lS   is the liquid saturation  








 volumepores total

liquidby    volumeoccupied  (-) 

φ    is the porous medium porosity (-) 
L is the porous medium thickness (m)  

crA  is the cross section area of porous medium (m2)  

lρ   is the solution density (kg/m3)  

Solute mass is calculated from: 
( )

( )kg  water)pureemass(solutsolution 

kg mass 

+
= solute

Cs                                                       (6) 

 
 

3. POROUS MEDIUM SAMPLE TEST TECHNIQUE 
 

To prepare one sample for making test case study and this preparing is performed 
through steps as: 

3.1 Washing the sand by clearly water to remove the dusty sand. 

3.2 Distributing the sand at laboratory roof which is subjected to solar radiation to dry 
the wet sand. 

3.3 Weighing the test sand sample on the electrical digital balance and weighing sand 
mass depends upon the test sand thickness. 
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3.4 Putting the sand in the solar still liner and using smooth wood level to make sand 
surface alignment and the alignment step keeps the constant sand porosity for liner 
volume. 

3.5 Calculating the sand porosity and mass of salt solution as mentioned previously 
and hence calculating the amount of solute which makes the salt solution 
concentration of   0.035kgsolute/kgsolution 

3.6 After finishing from salt solution preparation, the salt solution will be sprayed into 
the porous medium using manual pumped liquid atomizer to prevent any change 
in sand porosity. 

3.7 Now, closing the solar still door to begin the test. The solar still door is sealed by 
rubber and putting a thermal grease between door and solar still frame. Hence the 
door is tensed by steel wires to prevent the water vapor leakage. 

3.8 When finishing from test, the porous medium (sand) is transported from steel liner 
and it is washed by pure water to remove the salt. Hence redistributing the sand on 
the laboratory roof to dry up from moisture. The drying up period in the winter 
season is three to four days and it has two to three days in summer season. The 
drying period is depending upon the solar radiation flux and wind speed. 

3.9 Repeating the procedures from item 3.3.   

4. MEASUREMENT POINTS 

Fig. (2) shows a photograph of the test DSSS and the measurement points 
locations. A total number of 21 temperature measurement points were used in the test 
solar still. The porous medium temperatures were measured in different levels in the 
porous medium thickness. The mean humid air temperature was measured by the 
average of reading located three thermocouples at different locations in the humid air 
space. The humid air temperature measuring thermocouple was surrounded by an 
aluminum foil to reflect the solar radiation from the thermocouples surfaces. The 
thermocouples absorb the reflected diffuse radiation from sand surface and there is no 
technical way to prevent the absorption of the reflected diffuse radiation. The 
radiation absorbed by the thermocouples surfaces raise the measured temperature by 
few degrees [10]. A humid air relative humidity was measured by locating an 
electronic sensor to measure the instantaneous relative humidity. Glass cover 
temperatures were measured by locating thermocouples on the inner and outer 
surfaces of the glass. Distillate water volume was measured using a marked cup. Sand 
dry density, Specific gravity, void fraction and porosity are measured in The Thermal 
Energy and Soil laboratories located in the civil engineering department - Assuit 
university. Solar flux was measured by pyranometer fixed on a horizontal surface. 
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Figure 2. Photograph showing the porous medium and humid air thermocouples, 
relative humidity sensor and sand liner 

5. RESULTS AND DISCUSSION 

Figs. 3 and 4 show the temperature distribution inside the porous medium of 20.0 
mm thickness for two days 29th January to 08th February. The temperature range 
change in the two figures is the same as the data in the two figures were taken in 
winter season. The first temperature reading location is started from bottom side of 
porous medium and the last is located at the upper side (porous medium surface). 
Initially, the temperature in the upper region is higher than that in the middle and 
bottom regions. It is to be noted the porous medium absorbs the major part of an 
incident radiation. The maximum temperature is kept in the upper region until the 
hour 14. From the hour 14 to the hour 16, the penetration depth increases. The solar 
flux penetrates to a deeper distance and the radiation absorbed is increased in the 
middle and bottom regions. The solar flux tends to be reduced to a lower value and 
the absorption in the upper region will be reduced. The effect of conduction heat 
transfer will be significantly appeared for transferring heat from upper region to 
bottom region and the enthalpy fluxes in porous medium can be neglected [8]. The 
effect of surface convective and latent heat transfers keeps a lower temperature in the 
upper region.  The temperature difference through the porous medium thickness is 
attaining a maximum value of 1.5o C in two cases. Wherever the absorption 
coefficient of the porous medium is attaining a large value the penetrated solar 
radiation is decreased by the absorption of solar radiation in the upper region.   
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Figure 3. Temperature distribution through sand thickness, 
(date: 29/01/2014) and sand thickness =2.0 cm thickness  
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Figure 4. Temperature distribution through sand thickness, 

(date: 08/02/2014) and sand  thickness =2.0 cm 
 

Fig. 5 shows the temperature distribution through porous medium thickness of 
40.0 mm. The measured data were taken in winter season.  For 40.0 mm medium 
thickness, the large thickness has approximately double quantity of salt solution at 
porous medium pores volume. However the larger thickness has higher thermal heat 
capacity than the lower one then the temperature of large thickness has lower values. 
The porous medium components are salted water, sand and humid air. The average 
absorption coefficient of salted water has the maximum value compared with the 
average absorption coefficients of other components. The porosity of the porous 
medium for all test cases is approximately 0.3 and pore volume is 19 liters for the 
case of 40.0 mm thick porous medium. This amount of water necessitates more 
energy than for the cases having other thickness of 40.0 mm. Hence the time period 
for heating up this case is higher than that of cases having lower thickness values.   
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Figure 5. Temperature distribution through sand thickness, 
(date: 23/02/2014 and thickness =4.0 cm) 

 
Fig. 6 shows the temperature distribution in the porous medium of 20.0 mm 

thickness (day of: 22/05/14). Initially, the temperature in the upper region is higher 
than the temperature in the middle and bottom regions. The solar radiation absorbed 
in the upper region is higher than that in the middle and upper regions. The high 
values of temperature are kept in the upper region until the hour 12 (noon). The 
summer daily solar flux is higher than that of the winter one. Hence, the first 
penetrates more deeply in the porous medium thickness. Fig. 7 shows the temperature 
distribution in the 30.0 mm thick porous medium. There is a time lag between solar 
flux 30.0 mm thick and 20.0 mm thick medium. The 20.0 mm thick medium is heated 
up for a lower time period than that for 30.0 mm thick medium which needs more 
time to reach to the same temperature of 20.0 mm thick. Also it is observed that the 
20.0 mm thickness loses its energy at lower time than that for the 30.0 mm thick 
medium. The thermal heat capacity is responsible of the higher temperature difference 
in higher medium thickness. The temperature difference in porous medium of 30.0 
mm thick medium is higher than that of 20.0 mm thick medium. Generally, as the 
porous medium thickness increases, its thermal heat capacity increases and hence its 
energy stored increases.  
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Figure 6. Temperature distribution through sand thickness 
(date: 22/05 and sand thickness =2.0 cm). 
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Figure 7. Temperature distribution through sand thickness 

(date: 19/08 and sand thickness =3.0). 
 
Figs. 8 and 9 show the history of porous medium temperatures and humid air 

temperature with time. The porous medium temperatures are measured at specified 
locations as shown in Figs. 8 and 9. The humid air temperature is higher than the 
porous medium temperature for all cases of different studied porous medium 
thickness values. As shown in Figs. 8 and 9, at hour 16 the humid air temperature 
value is reduced to a value which is lower than that of the surface porous medium 
temperature whenever the specific heat of humid air mixture is lower than that of the 
effective specific heat of porous medium. Figure 8 shows the humid air region and 
porous medium surface temperature history for different porous medium thickness 
value in winter season. The temperature difference between humid air region 
temperature and porous medium surface temperature is approximately 10oC all times 
of each day. The temperature difference between humid air region temperature and 
porous medium surface temperature is approximately 5oC all times of each day for 
summer season. For Figs. 8 and 9, the humid air temperature is higher than the porous 
medium surface temperature. The temperature difference is increased with an increase 
of porous medium thickness for winter and summer seasons. For two Figures at the 
hour 9, the measured initial humid air temperature is higher than the measured initial 
porous medium surface temperature for all cases of porous medium thickness values 
and solar flux values seasons. Figure 8 shows the humid air temperature and surface 
porous medium temperature for two different thickness values (20 and 40 mm) in 
winter season. The temperature difference between humid air and porous medium 
surface temperatures for 40.0 mm thick medium is higher than that for 20.0 mm thick 
medium. Figure 9 shows the humid air temperature and surface porous medium 
temperature for two different thickness values (20 and 30 mm) in summer season. The 
temperature difference between the humid air region and porous medium surface has 
lower value than that for winter season. A part of energy is absorbed in the humid air 
region. The energy absorbed consists partially from absorbed of incident radiation and 
radiation partially from reflected diffuse absorbed. The latter is reflected from porous 
medium surface. Hence the humid air absorbs the infrared radiation at wavelength 
band width of 1.38 µm and 1.8 µm respectively and these bands are within the solar 
radiation wavelength band (0.3- 3.0 µm) [9]. The water vapor absorptance value 
mainly depends upon the water vapor partial pressure in humid air region [9]. 
However, the incident solar flux in the winter season is lower than that in the summer 
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season; the water vapor absorbance is not taking the same value for the two seasons. 
Then the transparent solar flux from humid air region to porous medium surface for 
winter season is lower than that for the summer season. The energy absorbed in 
porous medium components for winter season is lower than that for the summer 
season. This scenario gives the reason for the higher temperature difference between 
the humid air region and porous medium surface temperatures in winter season than 
that in the summer season. The humid air region stored energy consists of convective 
heat flux, enthalpy flux (evaporation) which is transferred from porous medium 
surface. Beside the convective and evaporative energies, the radiation flux is partially 
absorbed in the humid air region.  
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Figure 8. Porous medium temperature and humid air temperature, 
(date: 08/02, 23/02  for porous medium thickness L =20.0 mm and 40.0 mm, respectively) 
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Figure 9.  Porous medium temperature and humid air temperature, 
(date: 22/05, 19/08 for porous medium thickness =20.0 and 30 mm, respectively). 

Fig. 10 shows the daily solar flux with daily productivity for different porous 
medium thickness cases and the solar flux takes the major effect on the amount of 
productivity distillate. The productivity for 20.0 mm thickness at May 22 is the largest 
one. The effect of solar flux on the distillate productivity is larger than the effect of 
the porous medium thickness. The mass transfer from porous medium consists of two 
parts. The first one is caused by the water evaporation from porous medium surface 
wherever the salt solution is reached to the porous medium surface by capillary effect. 
The second one is the vapor mass transfer from the inner volume of porous medium 
which is released from the porous medium volume. The two vapor mass parts are 
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transferred by diffusion and the mass transfer potential is depending upon the humid 
air water vapor density. The humid air density is depending upon the water vapor 
density on the surfaces of glass covers. As the glass cover temperature. The porous 
medium is initially saturated with salt solution and the mass transfer from porous 
medium surface is larger than that of the inner mass transfer from porous medium 
inner volume.  These reasons cause the porous medium thickness has minor effect on 
the distillate productivity. Although the humid air temperature in summer season is 
higher than one in winter season the productivity distillate for the first is larger. 
Whenever the humidity ratio in the humid air region has the higher value for summer 
season compared with winter season. 

 

550 575 600 625 650 675 700 725 750 775 800 825 850 875 900
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

D
is

til
la

te
 (

l/1
.6

 m
2.

da
y)

Solar flux (W/m2)

22/05
L= 2.0 cm

19/08
L= 3.0 cm24/04

L= 2.0 cm

08/02
L= 2.0 cm

23/02
L= 4.0 cm29/01

L= 2.0 cm

 

Figure 10. Daily solar flux with daily water distillate 
 

6. CONCLUSION 

A basin type double slope solar still was fabricated to make the test for new 
approach in solar still. The sieved sand is used as a porous medium and the fabricated 
solar still is used for testing porous medium with studying the humid air region. The 
present study showed that the humid air region is important region for studying of the 
solar still productivity. The humid air region partially absorbs the incident solar 
radiation and the surface reflected diffuse radiation. This energy absorbed raises the 
humid air temperature and glass cover temperature. Then the temperature difference 
between glass cover and humid air region takes lower values. A density difference is 
the difference between the humid air region water vapor density and glass cover 
saturation water vapor density. However the water vapor density difference is 
increased the humid air region energy stored is increased and the distillate 
productivity is increased. As the humid air region energy stored increases the 
condensed water vapor must be decreased but the effect of density deference is more 
significant than the effect of energy stored. Although the humid air region is a driving 
force region for evaporation rate and condensation rate, the previous studies of solar 
still neglected the study of this region. The humid air region represents the control for 
all operation in the solar still and the humid air region must be taken into 
consideration in the solar still thermal analysis study. The effect of sand thickness on 
the productivity is not significantly affected the distillate wherever the solar flux takes 
the main effect on the distillate productivity. As the porous medium thickness 
increases the temperature difference in porous bed increases and the temperature 
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difference of the same porous medium thickness for two different seasons (winter and 
summer) is the same. The absorption coefficient makes an important factor for the 
radiation energy absorbed in porous medium bed and the absorption coefficient of 
porous medium components takes a large value depending upon the low temperature 
difference in the porous medium bed. Wherever the major part of solar radiation is 
absorbed in the upper region for porous medium and the conduction heat plays a 
significant mode of heat transfer from the upper region to bottom one for day first 
hours. Beside the conduction heat the enthalpy flux of salt solution and humid air 
contributes by low part of heat transfer in porous bed [8]. Lastly, the decay nature of 
the solar radiation which causes the use of high porous medium thickness is not useful 
and the energy storage in porous medium thickness is dissipated to the atmosphere 
through the hours of the decaying the solar radiation.  
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