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 This work presents a theoretical and experimental study of a double 
slope still with and without immersed fins compared to the single solar 

still monthly production. The influences of the distance between fins, 

fin heights, fin numbers and water layer thickness on the solar still 

production have been widely researched. From the obtained results, 

the distance between fins has no significant effect on the still 

productivity. Moreover, for fin heights from 2 to 5 cm, cause the 

productivity raising, when the fin heights are from 6 to 8 cm found an 

increasing in the still production. A larger fin numbers lead to a rising 

in the produced water amount. The water quantity augmentation in the 

basin makes the water productivity decreasing. The experimentally 

obtained results during the day June 11, 2016,  show that the solar still 

with immersed fins productivity was about 15 to 27 % higher than that 

of the simple solar still, under the following conditions, i.e. mw = 

42.61 kg, h1 = 3.6 cm, Vw = 3.5 m/s, lw = 5 cm and Nfins = 12. 
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NOMENCLATURE 

Symbol Index 

ϒp Azimuthal angle of the plane ° w  Water  
ϒs Solar azimuth  ° v  Vane  
G1 Radiation received by a 15 ° inclined plane facing 

the south 
p Plate 

G2 Radiation received by a 15 ° inclined plane facing 
the north 

s Saline 

G3 Radiation received by a vertical plane      W/m2 is Isolation  
mw Mass of water       Kg c Convective  
lw Fin width        m r Radiative  
lw0 Length of the normal to shaded surface     m e Evaporation 
l Length of fins   m ar Rear 
H  Height of fins    m ce Sky 

Nfins Number of fins    𝑨𝒇𝒊𝒏 Fins surface 

𝑨𝒑 Flat plat surface   m2   
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I. Introduction  

Fresh water represents only 3% from the total amount of water available on earth. Only 1 % of this quantity is 

usable, the rest is in the glace form or buried underground. Arid regions are characterized by droughts; they are 

poor in superficial water, which is generally saline. This is the case of some regions in southern Algeria, namely 

Bouda, Abadla, etc. 

Using the solar desalination process could offer economic and environmental benefits for the drinking water 

supply system in these regions. Several research works have investigated, experimentally and theoretically, the 

parameters influencing the productivity of different configurations of a solar still. 

[1] Proposed the periodic cooling of the glazing cover of the distiller. [2] Studied the shadow effect of the 

reflector on the productivity of the distiller [3,4,5] Investigated the effect of height, thickness and number of fins 

on the production of an ordinary distiller; this caused the production of distilled water to increase by 13.7 %, 

compared to a simple distiller. A theoretical and experimental study of a double slope solar still, with and without 

fins immersed in the basin, is conducted in the present work, while taking into account the shading effect of 

vertical surfaces on the productivity of distilled water. 

II. Experimental result 

  

 

 

 

 

 

 

 

Figure 1: Experimental bench; a) solar still with fins, b) simple solar still, c) single solar still 

 

The present work intends to present an experimental study on a solar hot-box distiller, made of a mixture of glass 

wool and resin to ensure good thermal insulation. Polyurethane foam, 5 cm thick, was use to reduce thermal 

losses from rear and side walls. This was done in order to increase the productivity of the distiller and to extend 

its period of operation during the diurnal period, while taking advantage of the energy stored in the basin. 

The temperatures have been measured using thermocouples connected to a Fluke 2680 Series data acquisition 

system. The irradiation intensity has been measured using a Kipp & Zonen pyranometer. Various series of tests 

carried out during the period extending from March 04, 2015 to August 18, 2015. The temperatures, intensity of 

the radiative flux and quantity of distillate produced were evaluate, and a physico-chemical analysis of water is 

carried out before and after the distillation. Two panes of dimensions 57 cm x 131 cm, inclined at an angle of 15 

°, and a basin of dimensions 93 cm x 125 cm were also used; this gives a surface area of 1.16m². The tests were 

carried out on the experimental platform of the Research Unit for Renewable Energies in the Saharan region 

(URERMS), in the town of ADRAR.  

Figure 2 illustrates the evolution of ambient temperature and the intensity of the total horizontal radiative flux 

for the days of January 20 and July 15. It has noted that the ambient temperature follows the evolution of the 

solar radiation with a small offset at the maximum value. 
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Figure 2: Ambient temperature and intensity of the overall horizontal irradiation flux. 

 

Figure 3 shows the variation in the temperatures T2, T3, T4, T5, T6 and T7 of the different components in the 

distiller, namely the temperatures of the basin, horizontal plate, vertical plate, water, inner and outer faces of 

glass, for the day of July 05. It can clearly have noted that the temperatures follow the evolution of the solar 

radiation and that the temperature of the plate and that of brine are very close; however, the temperatures of the 
inner and outer faces of the glazing are significantly lower than that of brine, by 10 to 20 °C. The temperature 

gradient between glass and brine has a considerable effect on the productivity of the distiller. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure3: Temperatures of various distiller components 
 It was found that the temperature of the cover glass coincides with the measured temperature of the inner face 

of this same cover. As for the temperature of brine, according to the results of Figure 4, it can be seen that from 

8 a.m. to 1 p.m. the mathematical model describes very well the system, and the curves overlap. In the 

afternoon, the calculated values are slightly higher than those measured. This discrepancy may be explained by 

the simplifying assumptions made in the modeling of the system. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure4: Theoretical and experimental results comparison. 
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Figure 5 illustrates the production of the distiller for brine thicknesses equal to 2, 3, 5, 6, 7 and 8 cm, 

corresponding to briny water masses in the basin of 21.3, 31.95, 42.61, 53.26, 63.92, 74.57 and 85.22 kg, 

respectively. It has been found that the water mass increasing in the basin, from 21.3 to 53.26 kg, causes an 

increase in the productivity of the distiller. Beyond the mass of 53.26 kg, the opposite effect occurs, i.e. the 

production decreases. 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 5: Production of the distiller for different thicknesses of brine 

 

Figure 6 depicts the production of the distiller for a distance between fins of 5 and 8 cm. In both cases, the 

brine thickness varied from 3.6 to 5 cm, for the day of June 11. It has been found that the distance between fins 

does not have a significant effect on the productivity of the distiller. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 6: Influence of the distance between fins on production. 

Increasing the number of fins resulted in a rise in the production of the distiller, and this can have explained by 

the increase in the heat exchange surface since the absorption plate receives a greater amount of solar energy 

compared to the case without fins (Figure 7). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Influence of the number of fins on production. 

The entire production of the modified and simple solar still increases with 3% and 1% respectively compared 

to the single slope solar still production. The July production is about 200 kg, as shown in figure 8. 
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Figure 8: Monthly solar sill’s production. 

III. Cost estimation 

 The total annual cost is estimated at about 6587.37 DZD, and costs estimation of the various components is 
given in Table 1. For example, if the interest rate is 8% and the system life is 5 years, the annual production is 

close to 2499.5281 kg, gives a product cost of 2.64 DZD. Knowing that the average latent heat needed to 

evaporate one kilogram is 0.65 kWh, we will need 1624.7 kWh to produce 2499.5281 kilograms of distilled 

water. According to the annual cost of 6587.37 DZD, the cost of one kWh will be 4.05 DZD / kWh. It has been 

found that the lifetime increasing and the interest rate decreasing caused a decrease in the unit price. As shown 

in figure 9. 

 

 

 

 

 

 

 

 

 

 

 
  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9: the lifetime and the interest rate influence on the unit price 

TABLE 1 

The various components solar still Cost estimation 

Materials Quantity Price 

Polyurethane foam 2 5 000,00 DZD 

Silicone adhesive 3 1 200,00 DZD 
Glass of 3mm  2m2 4 915,20 DZD 

Resin 5kg 3 000,00 DZD 

Glass wool for the thermal 

insulation (0.05 m thickness) 

2m2 2 000,00 DZD 

Labour cost (2 workers, 4 day)   9 600,00 DZD 

Total cost   25 715,20 DZD 

Various accessories 10%  2 571,52 DZD 

The capital cost of the system CC  28 286,72 DZD 
Depreciation value S (25% CC)  7 071,68 DZD 
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IV. Conclusion 

The present work presents a theoretical and experimental study of a double slope solar distiller, with fins 

immersed in the basin. 

The influence of distance between fins, height of fins, the number of fins and the mass of water in the basin, on 

the production of the distiller were investigated. The obtained results show that the distance between fins does 

not have a significant influence on the productivity of the distiller. Concerning the height of fins, it was 

established that an increase in the height of fins: 

• from 2 to 5 cm, induces an increase in productivity, 

• from 6 to 8 cm, induces the opposite effect. 
An increase in the number of fins causes an increase in the quantity of distillate. Therefore, it is possible to install 

the highest number of fins while taking into account the feasibility of the system. The increase in water mass in 

the basin causes a decrease in productivity. For the day of June 11, and under conditions where h1 = 3.6 cm, 

Vwind = 3.5 m/s, lwater = 5 cm, Nfins = 12 and for a mass of water of mwater = 21.3, 31.95, 42.61, 53.26, 85.22 

kg, the production of the distiller, with immersed fins, increased by 21, 25, 27, 27 and 15%, respectively, 

compared to that of a conventional distiller. The estimated cost per kg of distillate was between 10,6 DZD for 

the first year and 1,6 DZD for ten year lifetimes. 
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