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I. INTRODUCTION 
Solar water purification also known as solar evaporation method is proven to be highly effective in cleaning up 

water to provide safe portable drinking water for house hold purpose and, in the society, at large. Solar water 

treatment in particular is beneficial for rural communities without other form of water purification infrastructure 

and more importantly, the most positive feature about solar water purification is that there is no requirement of 

fuel, it precisely due to lack of fuel that makes solar applications relatively superior than conventional sources of 

energy as it doesn’t cause pollution or health hazards.In the south-south region of Nigeria, Bayelsa, Amassoma, 

solar energy is available with large amount of sea water or underground water (Yamali and Solmus, 2008). 

Therefore, designing a system for the effective collection and utilization needs adequate knowledge of the nature 

of solar intensity which is the energy produced by the sun and collected on the earth, the sun creates its energy 

through thermo-Nuclear process that converts about 650,000 tons of hydrogen to helium every second. (Asimov 

1969). Some other application of solar includes heating and cooling of building, cooking, drying and electricity 

generation etc. solar water purifier uses natural evaporation and condensation, which is the rain water process. 

These allow the natural pH buffering that produce executed taste as compared to steam distribution. Solar water 

purifier can easily provide enough water for our family and industrial needs. About 96.5% of the earth’s mass lies 

in its oceans, while the remaining 3%, 2.53% is fresh water; and only a portion around ~0.36% is available to the 

people. The basic principle of solar distillation is simple but effective. The system harvests the heat from the sun 

directly in a simple piece of equipment to purify water. The equipment commonly called solar water purifier, 

consists basically of a flat plate collector coated with black and a transparent glass cover. The sun energy heats 

up the blackish water to a point of evaporation inside the solar still collector. This process separates impurities, 

heavy metals and micro biological organisms in the original water, after evaporation of the solution by solar 

radiation. 

 

 

 

ABSTRACT: The design and fabrication of a solar still as well as an experimental study were properly 

carried out. The solar still is made up of some component that consist of an exterior wooden box, which 

houses the entire still unit firmly griped to the base stands, the flat plate collector is made of aluminium 

sheet which is used for making the still unit, the isolating material used in lagging is to minimize the 

heat lose, it is made up of a foam and channel for water inlet and outlet passage made of a PVC pipe. 

Brackish water was used in carrying out the experiment; the sun was the source of power which radiates 

the required solar energy that is converted to heat energy for the effective function of the unit. Solar 

energy passes through the effective absorber glass and heat up the water in the still unit which causes 

the water to vapourize. The vapour rises and condenses on the underside of the absorber glass to form 

droplet and run through, were purified water is collected via water outlet channel to the storage can. 

Some result gotten from the Experiment and calculations are as follows; intensity of the sun in 

Amassoma is 88W/𝑚2, Saturated Pressure is 102.146N/𝑚2,Evaporated heat transfer 10.31W/𝑚2K, 

and 10.83W/𝑚2𝐾 and also mass of distilled water produce is 0.233Kg and 0.141Kg Respectively. 

 

KEYWORDS: Solar radiation, Evaporation, Condensation, Distillation of Water and Intensity of the 

Sun 
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II. METHODS AND MATERIALS 
The materials required for this paper were collected from the local market. The solar still basins were fabricated 

from the local fabricator workshops in Amassoma town. The PVC pipes and U Channels for trough were 

purchased from the local market. The M-seal was used as sealing material to make the basin water-tight to control 

the evaporated water drops. Selected physical parts of solar still like still basin, transparent top, condensing 

arrangement, trough, insulation etc.  Were constructed and tested for solar distillation process.  The rectangular 

plates were cut at the diagonals to prepare a tray shape and welded to form a water holding basin. The transparent 

glass sheet was selected for the top for providing passage of solar energy and side walls of solar still. The top 

rectangular rooftop of appropriate size was cut in transparent glass and fitted with M-seal. The trough of PVC 

plastic was cut in U shape and vertically placed to collect the condensate and facilitate the flow to the collection 

container or the measurement system. 

 

Design Analysis : The performance of solar still is governed by different factors such as solar insulation, heat 

transfer mechanism as well as the environmental aspects. This section summarizes the different relations used 

for performance evaluation and economic analysis of solar stills. 

 

Intensity of the sun 

The intensity of the solar radiation after passing through the atmosphere is calculated below 

Average distance of the sun from the earth =1.5x108km       Considering 

a sphere of radius 1.5x108km with the sun at its center. 

Let 𝑆𝑆= surface area of this imaginary sphere 

 𝐴𝐸=cross sectional area of the earth 

 𝑟𝑆= radius of the sphere 

 𝑟𝑒= radius of the earth 

 

Therefore, 

 𝐴𝐸 = 𝜋𝑟𝑒
2       ----------------------------------- --------------------------------------------- 3.1 

𝐴𝐸   = 3.142 × (6.4 × 106)2  

 𝐴𝐸 =1.287 x 1014𝑚2                                 

 𝑆𝑆=4𝜋𝑟𝑠
2                                 ---------------------------------------------------------------------------------- 3.2 

𝑆𝑆= 4x3.142  × (1.5× 1011)2  

𝑆𝑆 = 2.828 × 1023𝑚2                                                         

Percentage of sun′s output = [(
𝐴𝐸

𝑆𝑆
) × 100]      (3.2)                                                                

Percentage of sun′s output = [(
1.287×1015

(2.828×1023)
) × 100]  --------------------------------------------------- 3.3 

         Percentage of sun's output = 0.0000000455%                                                                         

    This means that the earth receives 0.0000000455% of the sun’s energy. 

      Hence Amassoma would receive radiation at the rate of:                                                                                                                                                                                   

           Let 𝑅𝐶= Extraterrestrial radiation  

                  A = Continental land area 

𝐼𝑆𝐶= extraterrestrial solar constant 

            Therefore,  

𝑅𝐶 = 𝐼𝑆𝐶𝐴   ------------------------------------------------------------------------------------------------------- 3.4 

      = 1353×706×106 = 9.55×1011W/𝑚2 

           Therefore, for a yearly average sunshine hour of 9 hours/day  

𝑅𝐶  = 9.55×1011×366×9 

𝑅𝐶 = 3.146×1011Wh/yr 

    Assuming a clearness index of 47%, since 47% of extra-terrestrial radiation reaches the earth surface (Folarami, 

2013).             Terrestrial radiation in Amassoma 

land area = [(
47

100
) × 3.146 × 1011] 

Terrestrial radiation in Amassoma land area = 1.479 × 1011Wh/yr 

The part of solar radiation that reaches the surface of the earth without being scattered, absorbed or reflected is 

direct radiation and it is the most intense. The intensity of the direct radiation reaching the surface of the earth is 

a function of time of the day, latitude of location and declination angle (Awachie, 1982).   

          To calculate the direct radiation reaching 

Amassoma a function of time of the day (t), for a location (γ) with the sun at declination angle (δ) 

Let Z -Zenith Angle 
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γ -Latitude of location 

δ -declination angle 

t -hour angle of the sun 

𝐼𝑍 -Direct Normal Radiation 

𝐼𝑆𝐶-Extraterrestrial solar radiation constant 

S and C are climatographic ally determined constants which have values of 0.357 and 0.678 respectively 

(Folaranmi, 2009).  

The Zenith angle is calculated thus: 

Cos Z =  sin(γ) sin(δ)  +  cos(γ) cos(δ) cos(t) ----------------------------------------------------------(3.5)   

 Cos Z = sin (5°) sin (0°) + cos (5°) cos (0°) cos (0°)   

𝐶𝑜𝑠 𝑍 = 0.0872 × 0 + 0.9961 × 1 × 1 

𝐶𝑜𝑠 𝑍 = 0.9961 

𝑍 = 𝐶𝑜𝑠−1(0.9961) 

𝑍 = 5.06° 

The intensity of the solar radiation after passing through the atmosphere is calculated 

𝐼𝑍 = 𝐼𝑆𝐶𝑒−𝑐(sec 𝑍)𝑠     -------------------------------------------------------------------------------------------- 3.6 

𝐼𝑍 = 1353𝑒
−0.357(

1
tan(5.06)

)×0.678
 

𝐼𝑍 = 88𝑊/𝑚2 

This formula gives the value of the direct radiation on Amassoma and it is the maximum value possible. In 

practice, only systems using full tracking mechanisms can collect this radiation. 

Estimation of Solar Radiation on Tilted Surfaces 

The solar flux falling on the tilted glass cover is given by the relations in equation 3.1 

It = IbRb + IdRd + (Ib + Ii)Rr                            ………………………………………………..…. 3.7 

𝑅𝑏𝑅𝑑𝑅𝑟are tilt factor related to beam, diffuse and reflected radiations. 

They are obtained using the following relations. 

Rb =
cos θ

cos θz

=
(sin δ sin( ∅ − S) + cos  δcos Wcos(∅ − S)

(sin∅sinδ + cos∅cosδcosW)
 

Rd =
(1 + cosS)

2
 

Rr =
(1+cosS)

2
                              ------------------------------------------------------------------------------- 3.8 

 

Energy Balance; If the evaporation processes inside the still unit is considered as isobaric atmospheric process 

at thermal equilibrium, then all the absorbed solar radiation is utilized for evaporation and thermal losses. An 

energy balance for steady state around the water basin is given in equation 3.7  

Rate of energy in = Rate of energy out  

(aw + ab)l(t) = Qew + Qlosses                     (Tamini, 1987) ………………………………………. 3.9 

𝑎𝑤  Is the solar flux absorbed by the water mass 

𝑎𝑏  Is the solar flux absorbed by the basin liner 

 

The Water and Glass Temperature 

The water and condensing cover (glass) can be calculated from equation 3.12 and 3.8 (kumar and Tiwari, 1996) 

 

T𝑤2
= 𝑇𝑤𝑒−𝐴1𝑡 +

A2

A1(1−e−A1t)
                    ………………………………………………………... 3.10 

Where 𝐴1 =
1

𝑚𝑤
× 4186.0 [

ℎ3ℎ𝑏

ℎ3+ℎ𝑏
+

ℎ1ℎ2

ℎ1+ℎ2
] 

A2 =
1

mw

× 4186.0 [
α1 + h3

(h3 + hb)α2

It + A1Ta] 

Tg = (
h1Tw+h2Ta

h1+h2
)                        ..………………………………………………………………… 3.11 

 

The Saturation Pressure 

Pw and Pg Represented saturation pressure of basin water and glass cover at initial temperature. 

Saturation pressure is completed using equation 3.11 

P(t) = exp (25.317 −
5144

T+273
)                 …………………………………………………………..  3.12 
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Pg = exp (25.317 −
5144

𝑇𝑔 + 273
) 

Where 𝑇𝑔 = 37.05℃  𝑇𝑤 = 42℃ 

Pg = exp (25.317 −
5144

37.05 + 273
) 

Pg = exp (25.317 −
5144

310.05
) 

Pg = exp(25.317 − 16.59) 

Pg = 23.7 𝑁/𝑚2 

Pw = exp (25.317 −
5144

𝑇𝑤 + 273
) 

𝑃𝑤 = 𝑒𝑥𝑝 (25.317 −
5144

42 + 273
) 

𝑃𝑤 = 24.43 𝑁/𝑚2 

𝑎𝑡 1𝑝. 𝑚 

Where 𝑇𝑤 = 48℃ ,        𝑇𝑔 = 40.08 ℃ 

Pw = exp (25.317 −
5144

48 + 273
) 

Pw = exp (25.317 −
5144

321
) 

Pw = exp(25.317 − 16.025) 

Pw = 25.26 N/𝑚2 

𝑃𝑤 = 𝑒𝑥𝑝 (25.317 −
5144

40.08 + 273
) 

𝑃𝑤 = 24.156 𝑁/𝑚2 

 

  At 2p.m 

𝑇𝑔 = 43.54℃ , 𝑇𝑤 = 54℃ 

𝑃𝑔 = 𝑒𝑥𝑝 (25.317 −
5144

43.54 + 273
) 

𝑃𝑔 = 24.65 𝑁/𝑚2 

𝑃𝑤 = 𝑒𝑥𝑝 (25.317 −
5144

54 + 273
) 

𝑃𝑤 = 26.06 𝑁/𝑚2 

       At 3p.m  

𝑇𝑔 = 47.30℃ , 𝑇𝑤 = 62℃ 

𝑃𝑔 = 𝑒𝑥𝑝 (25.317 −
5144

47.30 + 273
) 

𝑃𝑔 = 25.26 𝑁/𝑚2 

𝑃𝑤 = 𝑒𝑥𝑝 (25.317 −
5144

62 + 273
) 

𝑃𝑤 = 27.08 𝑁/𝑚2 

 

At 4p.m 

𝑇𝑔 = 38.78℃, 𝑇𝑤 = 45℃ 

𝑃𝑔 = 𝑒𝑥𝑝 (25.317 −
5144

38.78 + 273
) 

𝑃𝑔 = 23.97 𝑁/𝑚2 

𝑃𝑤 = 𝑒𝑥𝑝 (25.317 −
5144

45 + 273
) 

𝑃𝑤 = 24.85 𝑁/𝑚2 

 The Evaporative Heat Transfer 

The heat gained by the evaporating water can be estimated from equation 3.13 

Qew = 16.273 × 103hew {
Pw−Pg

Tw−Tg
}       ……………………………………………………………. 3.13 

The convective heat transfers co-efficient (hew) 
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Dunkle’s equation for evaluation of internal heat transfer coefficient is from the water surface to the glass and 

given by equation 3.9 

hew = 0.884 [(Tw − Tg) +
(Pw−Pg)(Tw+273)

(268.9×103−PW)
]

1

3
         (Dunkle, 1961) ……... 3.14 

 

The constants C and n are calculated by regression analysis for known hourly distillate output 

The evaporative heat transfer coefficient is given by  

ℎ𝑒𝑤 = 0.884 [(𝑇𝑤 − 𝑇𝑔) +
(𝑃𝑤 − 𝑃𝑔)(𝑇𝑤 + 273)

(268.9 × 103 − 𝑃𝑤)
]

1
3

 

At 12p.m – 5p.m the value   of ℎ𝑒𝑤  are as follows: 

Day 1  

ℎ𝑒𝑤 = 1.950𝑊/𝑚2𝐾  

ℎ𝑒𝑤 = 2.0935𝑊/𝑚2𝐾  

ℎ𝑒𝑤 = 2.193 𝑊/𝑚2𝐾  

ℎ𝑒𝑤 = 2.123 𝑊/𝑚2𝐾  

ℎ𝑒𝑤 = 1.950 𝑊/𝑚2𝐾  

Day 2 

ℎ𝑒𝑤 = 1.1601 𝑊/𝑚2𝐾  

ℎ𝑒𝑤 = 1.898 𝑊/𝑚2𝐾  

ℎ𝑒𝑤 = 2.000 𝑊/𝑚2𝐾  

ℎ𝑒𝑤 = 2.000𝑊/𝑚2𝐾  

ℎ𝑒𝑤 = 1.950 𝑊/𝑚2𝐾  

ℎ𝑒𝑤 = 1.8224 𝑊/𝑚2𝐾  

 

 The Mass of the Distillate Produced per hour 

The quantity of distillate produced is determined from equation 3.15 

mw = hew (
Tw−Tg

L
) × 3600      (Tiwari et al 1989)        …………………. 3.15 

The values of  𝑚𝑤 from 12p.m – 5p.m for day 1 and 2 are: 

 

Day1              Day 2 

𝑚𝑤 = 0.033419 𝐾𝑔  

𝑚𝑤 = 0.044364𝐾𝑔  

𝑚𝑤 = 0.05340 𝐾𝑔  

𝑚𝑤 = 0.05340𝐾𝑔  

𝑚𝑤 = 0.04847 𝐾𝑔  

𝑚𝑤 = 0.0041837 𝐾𝑔  

𝑚𝑤 = 0.02998 𝐾𝑔  

𝑚𝑤 = 0.03699 𝐾𝑔  

𝑚𝑤 = 0.03699 𝐾𝑔  

𝑚𝑤 = 0.03342 𝐾𝑔  

𝑚𝑤 = 0.02547 𝐾𝑔

  

Finally the volume of distilled water produced can be calculated from equation 3.15 

ρ =
mw

v
                                       …………………………………………… 3.16 

where density of distilled water is (𝜌) = 1000𝐾𝑔/𝑚3 

Therefore volumes of distilled water produced in two days, from 12p.m to 5p.m are: 

𝑣 =
𝑚𝑤

𝜌
  

Day1              Day 2 

𝑣 = 33.419𝑚𝑙  
𝑣 = 44.36𝑚𝑙  
𝑣 = 53.4𝑚𝑙  
𝑣 = 53.4𝑚𝑙  
𝑣 = 48.5𝑚𝑙  
𝑣 = 33.4𝑚𝑙  

𝑣 = 41.2𝑚𝑙  
𝑣 = 30𝑚𝑙  
𝑣 = 37𝑚𝑙  
𝑣 = 37𝑚𝑙  
𝑣 = 33.4𝑚𝑙  
𝑣 = 25.5𝑚𝑙  

 

Performance Test: The performance test of the single slope still was carried out for 8hours in two (2) consecutive 

days between 10:00 a.m. to 5:00p as shown in table 3. The brackish water was supplied to the absorber plate using 

a tap valve to a depth of 4cm, a Thermometer is hung between water and condensing cover to measure vapor 

temperature. The following parameters were measured every hour during the experiments: still temperature and 

weight of distilled yield was measured using measuring jar. 

 

Results : Experiment analysis on single slope solar still, results obtained on daily basis for a week was carried out 

in varying weather condition. Weather conditions play an important role in determining the production of distilled 

water. Production on a bright and sunny day is higher compare to raining day, reason is not far-fetched and this is 

because on a day solar collector traps more heat energy from the sun. The intensity of solar energy falling on the 

still is the single most important parameter affecting production. The daily distilled water output is determined by 

the amount of energy utilized in vaporizing of water. 
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Table 1: Specification of solar still 

 

S/N Item  

Description 

Quantity or  

Number required 

Material 

Used 

Reason  

1 Wooden 

outer most box 

1 Wood Easily 

sourced,light and 

cheap 

2 Absorber plate 1 Aluminum Good heat 

absorber 

3 Insulation material 3kg Foam Good heat 

insulator 

4 PVC pipe 1 meter Plastic  Light and easily 

absorbs heat 

5 

 

Cover sheet  1  Glass Highly efficient 

6 Storage Can 1 Plastic For storage of 

distilled water 

 

Table 2: Thermal Properties of Materials 

 

Materials  Thermal conductivity Specific heat capacity 

Wooden box 5.23 × 10−4W/m.K 1680J/kg.K 

Absorber plate (steel) 43.0 W/m.K 470 J/Kg.K 

 

Table 3: Operation Parameters 

 

Day 1       Day 2 

 

 

 

In table 3, it is evident that in the first day the quantity of distilled water produced was more, due to the sunny 

weather that was experience that day, but the second day the quantity of distilled water produced was less than 

that of the first day. This shows that the quantity of water produced depends on the amount of sun (that is it been 

determined by the weather) when it is sunny it produces more water but when it’s rainy/cloudy it produces less or 

no water. 

Time  

(hr) 

Temperature  

 

Quantity yield  

        (ml)  

Ambient  

T(℃) 

Still  

T (℃) 

10a.m 34 40.5 __ 

11a.m 42 50.5 __ 

12p.m 55.5 51.5 4.2 

1p.m 40 57.5 30 

2p.m 35 55.5 37 

3p.m 37 57.5 37 

4p.m 36.5 55.5 33.4 

5p.m 34.5 50 25.5 

Total  167.1 

Time  

(hr) 

Temperature  

 

Quantity yield  

        (ml)  

Ambient  

T(℃) 

Still  

T (℃) 

10a.m 33.5 38.5 __ 

11a.m 34 49.5 __ 

12p.m 35.5 52.5 33.4 

1p.m 37 60.5 44.3 

2p.m 34.5 61.5 53.4 

3p.m 36 63 53.4 

4p.m 35 59.5 48.5 

5p.m 34.5 53.3 33.4 

 Total                                               266.4 
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Figure 1: Chart showing yield against Time 
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Fig 2: 3D Isometric view 

 

 

III. CONCLUSION 
The distillate output varies with the temperature inside the still, with the maximum output occurring at the highest 

temperature. The solar still harness the energy of the sun to purify brackish water and so presents a promising 

alternative to time (hr.) fresh water from saline water in remote areas having low population densities, low rain 

fall and abundant available free solar energy, hence the use of solar energy is more economical than fossil fuel in 

terms of operational cost, the cost of construction and also no chemicals or filters are used. This cost-effective 

design is expected to provide the rural communities an efficient way to convert the brackish water into drinkable 

water. Solar still design and fabrication is easy and could be manufacture with the locally available materials and 

skill. Use of solar stills is going to play a significant role in reducing water borne diseases in the rural areas. 

Distilled water can be used for drinking purposes, applications in hospitals replenishing batteries, and so on. 
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