
International Journal of Mechanical, Industrial and Aerospace Sciences

ISSN: 2517-9950

Vol:4, No:11, 2010

1158

 

 

  
Abstract—The world demand for potable water is 

increasing every day with growing population. Desalination 
using solar energy is suitable for potable water production 
from brackish and seawater. In this paper, we present a 
theoretical study of solar distillation in a single basin under 
the open environmental conditions of Chabahar-Iran. The still 
has a base area of 2000mm×500mm with a glass cover 
inclined at 25° in order to obtain extra solar energy. We model 
the still and conduct its energy balance equations under minor 
assumptions. We computed the temperatures of glass cover, 
seawater interface, moist air and bottom using numerical 
method. The investigation addressed the following: The still 
productivity, distilled water salinity and still performance in 
terms of the still efficiency. Calculated still productivity in 
July was higher than December. So in this paper, we show 
that still productivity is directly functioning of solar radiation. 
 

Keywords—Inclined Solar still, Solar energy, Solar desalination, 
Numerical Simulation.  

I. INTRODUCTION 
HE availability of drinking water is reducing day by day; 
where as the requirement of drinking water is increasing 

rapidly. To overcome this problem there is a need for some 
sustainable source for the water distillation. Solar still is a 
useful device that can be used for the distilling of brackish 
water for the drinking purposes [1]. Solar Distillation is 
particularly important for locations where solar intensity is 
high and there is a scarcity of fresh water classified into: 
direct (passive) and indirect (active) regimes. The direct solar 
distillation systems collect solar energy to produce the stilled 
water directly compared to the indirect systems categories. 
passive solar stills is recommended as it is economical to 
provide potable water and active solar distillation system from 
a commercial point of view compared to the active stills [2,3], 
Abdel-Ghafar [4] investigated a passive solar basin still type 
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in Alexandria, Egypt. The still was fabricated from simple 
available materials (i.e. wood, corks, galvanized steel, glass 
pane and mirrors). The still was sloped by 30°; it was oriented 
toward the south direction, It had area of 1.2 m2 with a 
projected area of 1,1 m2. A mirror of 0.7 m2 was fitted on the 
still side walls. The maximum obtained basin water 
temperatures were found 53oC and 56°C at the experiments in 
June and July, respectively as the distilled water of 2 
liter/m2.day was obtained. Fath et at. [5] found that the single 
slope still was slightly more efficient than the pyramid-shape 
one. The solar energy received by the single slope still was 
8% higher than that received by the pyramid in winter while it 
was 5% lower in summer. Due to the larger radiation losses 
from the cover surface of the pyramid, while the daily yield of 
the single slope still of 30% higher than that of the pyramid in 
winter and 3% higher in summer was performed. The   slope   
of solar still   cover on the production rate was investigated by 
Pınar İlker Ayav and Gürbüz Atagündüz [6] done Theoretical 
and experimental investigations on solar distillation of 
IZTECH campus area seawater. They done a theoretical and 
experimental study of solar distillation in a single basin 
constructed at İzmir Institute of Technology Urla Campus. 
The still has had a base area of 2100 mm × 700 mm with a 
glass cover inclined at 38°. In order to obtain extra solar 
energy, an aluminum reflector (2100 mm × 500 mm) is also 
assembled to the still. They modeled the still and conducted its 
energy balance equations under minor assumptions. They 
compared the theoretical and experimental results and shown 
the benefits of the proposed model of the still and the efficacy 
of its energy balance equations.  

According to in literature review mentioned, it seems that 
many studies were done for some countries. The aim of this 
study was to investigate a single basin solar still with a glass 
cover inclined at 25°  of south direction in Iran. So we 
conducted a theoretical model of the solar still under 
consideration to describe the energy balances for the glass 
cover, seawater interface, black plate at the bottom and overall 
still and also to find still productivity. The main contribution 
of this paper is, therefore, the energy balance equations of the 
still. To our best knowledge, our study seems more 
comprehensive than other similar studies in the literature.  

II.  PROBLEM STATEMENT  
In a simple solar still, solar radiation passes through the 

glass cover. This solar energy is almost entirely absorbed by 
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the black cover on the basin while it is partially absorbed in 
the thin seawater layer. Thus, seawater and basin are heated 
by the solar energy. The heat is conducted from the black 
surface into the seawater and the temperature of the seawater 
increases. Vaporization takes place at the interface, seawater 
surface and air inside of the solar still, at the interface 
temperature, Ti. At the interface, the saturated air at the 
temperature, Ti, is transported by diffusion due to the partial 
pressure difference and convection due to the natural 
convection of the humid air from the interface into the air 
inside of the solar still with the temperature, Tr. In steady state 
or quasi-steady state conditions, the air inside of the solar still 
is also saturated at the temperature, Tr. Therefore, the humid 
saturated air inside of the solar still will condense at the glass 
cover, which has a lower temperature, Tg, then the air 
temperature inside solar still, Tr. Heat of condensation heats 
the glass cover. The glass cover is in heat exchange with 
surrounding and air inside of the still by convection and 
radiation. The condensate flows down, collecting along the 
glass cover and then in a channel at the end of the glass cover. 
Finally, it collects in a storage bottle outside of the still. The 
schematic view of the solar still can be seen in Fig. 1. 

 
 

Fig. 1 Scheme of single basin solar still 

 (for the inclined 25o  of south direction) 

 
In order to be able to calculate the daily produced 

condensed water, we apply the energy balance method by 
making the following assumptions [6]: 

- The whole system is in a quasi-steady state condition. 
- Heat loss by radiation from the circumferential area is 

neglected. 
- At the base of the still, temperatures of the walls equal to 

the water temperature, and the 
- water temperature is the average of the interface 

temperature, Ti and the bottom temperature, Tb. 
- The wind speed is assumed to be constant. 
According to ref [6], maximum of received radiation is for 

the inclined 25o  of south direction (for Chabahar).    
The performance of a solar still is generally expressed as 

the quantity of water evaporated by unit area of the basin in 

one day, i.e. cubic meters or liters of water per square meter of 
the basin area per day. This performance of a solar still can be 
predicted by deploying the energy and mass balance equations 
on the various components of the still. The whole system is in 
a quasi-steady state condition and the temperatures are 
assumed not to change in one hour interval of time. The 
energy balance equations for the whole still, glass cover, 
seawater interface and black plate at the bottom will be given 
next. 

III. ENERGY BALANCE EQUATION 

A. Energy balance for the whole still 
We first consider the energy balance of the whole still. The 

input energy to the still and the heat transfer from the still to 
the atmosphere, are illustrated in Fig. 2. Hence, the energy 
balance equation can be written as: 
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In Eq. (1), I*s is the solar radiation intensity, rg is the 
reflectivity of the glass cover for visible light, h sat,f  is the 
enthalpy of water at saturation temperature Tg, m*cw is the 
mass flow rate of condensed water, Ag is the glass cover 
surface area and Ab is the bottom area covered by the seawater, 
The rate of heat transfer from the cover to the atmosphere 
by convection (caused by the wind): 

( )agggh TThq −=*
,                                (2) 

Where Tg, Ta  and hg are the  glass cover temperature, 
ambient air temperature and convective heat transfer 
coefficient, respectively. The convective heat transfer 
coefficient (hg) depends up on the prevailing wind speed it 
was given by McAdams [7] as: 

whg 8.37.5 +=                                   (3) 

 
Fig. 2  Illustration of the overall energy balance.[6] 

 
Where, w is the wind speed in m/s. 
Radiative heat transfer from the glass cover to the 

atmospheric air is given as: 
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( ) ( )[ ]44*
, skyggsg TTq −= σε                     (4) 

where εg is the emissivity of the glass for infrared radiation, 
σ is 5.667×10-8 W/m2K4, Tsky is the sky temperature in K and 
generally the average sky temperature during the operating 
hours is given by Swinbank [8] i.e. 

5.10552.0 asky TT =                                  (5) 

The conductive heat transfer from the bottom to the 
atmosphere can be formulated as: 

( )abbbk TTkq −=*
,                                (6) 

Where: 
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ai

i

inb hhk
111

λ
δ

 

considering the heat transfer from the circumferential area 
of the still by conduction. From inside moist air to the 
atmosphere, 

( )arrairk TTkq −=*
,                            (7) 

Where: 

∑ ++=
ai

i

rr hhk
111

λ
δ

 

From liquid to atmosphere, 
( )alllk TTkq −=*

,                                (8) 

Where:  
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∞

=
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δ

 

and ( ) 2/bil TTT +=  where Tl is the liquid seawater 

temperature. 
 

B. Energy balance for glass cover 
By following Fig. 3, the energy balance equation of glass 

cover is written as: 
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heat flux from the water surface to the glass and hm,air,r is the 
enthalpy of the water at saturation temperature Tr . q*λ,gh and 
q*h,gf are the heat losses from the back and front borders of the 
glass and they can be neglected for the sake of clarity. 

 
Fig. 3  Energy balance for glass cover.[6] 

 
Between the optical permeable and non-permeable walls 

(water surface is assumed to be a non-permeable wall because 
transmittance of water equals to zero for infrared radiation), 
radiation heat transfer from the water to the glass is [9]:  
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where εw is the emissivity of water and dg is the 

transmittance of glass for infrared radiation. 
Convective heat transfer from the water to the glass is: 

( )grrrh TThq −=*
,                               (11) 

where hr is the convective heat transfer coefficient. it is 
given by Dunkle [10] in the following expression: 

( ) ( )
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Where Pi and Pg, are the partial pressures in (N/m2) for 

water vapor at water and the glass cover temperatures within 
the still which are given by Femandez and Chargoy [11] as: 
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C. Energy balance for seawater interface 
By referring to Fig. 4, the energy balance for seawater 

interface can be written as: 
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Fig. 4  Heat transfer modes for seawater interface.[6] 

 
where dw is the transmittance of water, rw is the reflectivity 

of water for visible light. hm,air,i is the enthalpy of water at 
saturation temperature Ti. The conductive heat transfer from 
the bottom to the seawater interface is: 

( )ib
w

w TTq −=
δ
λ

λ                           (15) 

and the heat transfer from seawater interface to  the 
glass cover is: 

( )rirrh TThq −=,                          (16) 

 

D. Energy balance for black plate 
According to Fig. 5, the energy balance for black plate can 

be written as: 
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Fig. 5  Energy balance for black plate.[6] 

 
Where rb is the reflectivity of the black plate. q*c,b is the 

convective heat transfer from bottom to the seawater, i.e. 

( )ibcbbc TThq −=*
,                               (18)  

Since the seawater depth in the still is very thin, the 
convective heat transfer from the black plate to the seawater 
can be neglected. The mass transfer coefficient is: 

]/[ sm
C
hh

p
M ρ

=                       (19) 

The mass flow rate of the evaporated water mass will be 
calculated according to the semi-permeable plane theory. For 
this purpose, first of all, we calculate the mass flux for a non-
permeable plane according to the Reynolds analogy. By using 
this value, the mass transfer coefficient for semi permeable 
plane becomes:  

i
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= ln,             (20) 

Hence, the mass flow rate of the evaporated water mass is 
[6]: 

( ) ]/[1
,

* skgAPP
RT

hm brihMvapor −=       (21) 

R denotes the universal gas constant in Nm/kgK and T 
denotes the moist air temperature in K. 
 

The efficiency of a still can be calculated by the following 
equation[6]: 

%100
,

*

×
×
×

=
gts

V

AI
Lm

η                           (22) 

where m* is the daily output (kg/m2s), Lv is the latent heat of 
evaporation of water (kJ/kg) and Is,t is the daily total solar 
radiation (kJ/m2s). 

IV. NUMERICAL METHOD 
We developed a computer program that implements 

appropriate numerical analysis methods in order to solve the 
energy balance equations. This program allows us to calculate 
the temperatures of the glass cover, the inside moist air, the 
bottom and the interface, depending on the amount of the 
radiation and various other parameters given as the input to 
evaluate theoretically the amount of evaporated water for a 
given solar radiation, ambient temperature and other 
parameters. In this program, we utilize the newton method to 
solve four non-linear equations.  

V. RESULTS AND DISCUSSION 

A. Validation 
The accuracy of results is verified with available data by 

Pınar İlker Ayav et al.[6] and is depicted in table 1. As shown 
the current results are in good agreement with Pınar İlker 
Ayav's results. 

TABLE I HOURLY VARIATION OF THEORETICAL TEMPERATURE VALUES ON 
28.04.2003 

 Pınar İlker Ayav's Work[6] 
Time Tbottom Tmoistair Tinterface Tglass

9--10 47.14 25.85 39.67 21.1 
10--11 62.26 45.01 53.47 25.97 
11--12 73.91 58.19 64.12 28.65 
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12--13 89.06 76.38 79.12 35.98 
13--14 94 83.3 84.88 37.87 
14--15 89.84 80.24 81.81 35.62 
15--16 82.72 77.2 77.38 34.28 
16--17 76.98 74.78 73.66 29.76 

Present Work 
Time Tbottom Tmoistair Tinterface Tglass 
9--10 48.50 26.51 40.53 21.51 
10--11 64.03 46.18 54.45 26.34 
11--12 76.41 59.83 64.61 28.97
12--13 91.60 78.82 80.12 36.35 
13--14 96.92 84.46 85.88 38.42 
14--15 92.30 82.34 82.67 35.80 
15--16 85.45 78.51 79.45 34.62 
16--17 76.33 75.36 75.82 30.09 

 

B. Effect of amount of radiation on the solar still temperatures 
Fig. 6 presents the theoretical hourly solar radiation values 

on tilted surface (β=25o) on the 6th day of July and on the 
6th day of December. As shown that solar radiation in July 
was higher than December. So this had the maximum mount 
at noon for both. 

 

0

100

200

300

400

500

600

700

800

900

6 7 8 9 10 11 12 13 14 15 16 17 18

Time(hr)

So
la

r R
ad

ia
tio

n(
W

/m
2)

06-Jul

06-Dec

 
Fig. 6  Hourly solar Radiation values on tilted surface (β=25o)  
 
Figs. 7 and 8 present the theoretical hourly variation of 

temperatures on the 6th day of July and December. These 
calculations were performed with known solar radiation and 
ambient air temperature (30oC on the 6th day of July and 10oC 
on the 6th day of December). According to these figures, 
variation of temperatures matches with variation of solar 
radiation.  
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  Fig. 7 Hourly variation of temperature values on solar still ( 6th 
July) 
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Fig. 8 Hourly variation of temperature values on solar still 

 ( 6th December) 
 

C. Effect of amount of radiation on the productivity of the 
distilled water and efficiency of solar still 

Fig. 9 presents hourly productivity of the distilled water 
values. According to the figure maximum of productivity of 
the distilled water is occurred at noon in July and December. 
Variation of productivity of the distilled water matches with 
variation of solar radiation. 

Hourly variation of the distilled water values is given in 
Fig. 10. According to the figure, the amount of distilled water 
calculated theoretically for July is 4.81 Lit/m2 and the amount 
of distilled water calculated for December is 3.67  Lit/m2. 

The hourly variation of the still efficiency for 6th of July 
and December is shown in Fig. 11, which indicates the 
efficiency of the still increases to a maximum value at noon. 
So this figure shows that variation of efficiency follows than 
amount of radiation. 
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Fig. 9 Hourly productivity of the distilled water values 
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Fig. 10  Hourly variation of the distilled water values 
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Fig. 11  Hourly variation of the still efficiency  

 

 
 

VI. CONCLUSION 
In this work, we developed a theoretical framework of a 

typical single basin solar still. This framework enabled us to 
establish the numerical solutions of the basic heat and mass 
transfer equations of the solar still. We compared results of 
July with results of December. These comparisons show that 
the mount of distilled water in July is more than December. 
We showed that the developed model can be very useful for 
designing and analyzing the solar stills. So we found out the 
efficiency of the solar still was maximum at noon and 
variation of efficiency follows than amount of radiation. 
Appropriate accommodation between efficiency’s amount in 
July and December represent accuracy of single basin solar 
still operation and calculation performed. More comparisons 
show that still productivity is directly function of solar 
radiation.. 

ACKNOWLEDGMENT 
This project was funded by the financial support from the 

Islamic Azad University, Najafabad Branch, Iran. 

REFERENCES   
[1] Kaushal, A, & Varun, 2010, Solar stills: A review, Renewable and 

Sustainable Energy Reviews, Vol. 14, pp: 446–453. 
[2] Tiwari, G.N., H.N. Singh and R. Tripathi, 2003 Present status of solar 

distillation. Solar Energy, Vol. 75(5), pp: 367-373. 
[3] Abdenacer, P.K. and S. Nafila, 2007. Impact of temperature difference 

(water-solar collector) on solar still global efficiency. Desalination, Vol. 
209, pp: 298-305. 

[4] Abdel-Ghaffar, E.A.M., 1989. Development of a simple passive solar 
still suitable for new village's houses at the northern western coast of 
Alexandria. Proceeding of the Egyptian-German Conference 
Agricultural Mechanization, 4-6 October, Mansura University, pp: 295-
310. 

[5] Fafh, H.E.S., M. El-Samanoudy, K. Fahmy & T. Hassabou, 2001. 
Thermal- economic analysis and comparison between pyramid-shape 
and single-slope solar still configurations. Desalination, Vol. 159, pp: 
69-79. 

[6] Pınar İlker Ayav & Gürbüz Atagündüz, 2007, Theoretical and 
experimental investigations on solar distillation of IZTECH campus area 
seawater, Desalination, Vol. 208, pp:169–180. 

[7] McAdams, W.H, 1954, Heat Transmission, 3rd ed, McGraw-Hill Book 
Company, N.Y, USA. 

[8] Duffie, John.A, &  Beckman, W.A, 1974,  Solar Energy Thermal 
Processes, John Wiley & Sons, Canada. 

[9] G. Atagunduz, 1989, Gunes Enerjisi Temelleri ve Uygulamalari, Ege 
University, Institute of Solar Energy Press, Izmir. 

[10] Dunkle, R.V., 1961. Solar water distillation: the roof- type still and a 
multiple- effect diffusion still, International Developments in Heat 
Transfer, ASME, Proceedings International Heat Transfer, University of 
Colorado-Part V, pp: 895. 

[11] Fernandez, J.L. and N. Chargoy, 1990. Multi stage indirectly heated 
solar still. Solar Energy, Journal, Vol. 44(4), pp: 215-223. 

 
 
Masoud Afrand  was born in 1983 in Esfahan – Iran. He graduated in master  
in Mechanical engineering from University of Kashan. He is PHD candidate 
in university of Sistan & Baluchestan now. So he is working in Department of 
Mechanical engineering of Islamic Azad University –Njafabad branch as a 
faculty member. His major speciality and research interests are “Renewable 
Energy, CFD and Heat Transfer”. He can be reached at 
masoud_afrand@yahoo.com and masoud.afrand@pmc.iaun.ac.ir  
Phone: +98- 331- 2291111   Ext:2650 


