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Abstract

Present paper is an investigation in variation of water yield in single slope solar water still system
attached with additional solar collector. This work has been carried out in a clear sky day in month of
Feb, 2016. The optimization of water output is carried out for three distinct water levels (0.06, 0.12, 0.18
m).The inclination angle for both the devices are 23°, facing south for atmospheric conditions of Jabalpur
(M.P.). Daily observations were taken for different conditions. Temperature, relative humidity, wind
velocity and water distillate have been recorded. The quality of water output has also been tested in
laboratory to confirm its drinking abilities. Experiment investigation shows maximum efficiency of solar
still for water level of 0.06 m compare to other two levelsi.e., 0.12 & 0.18 m.

Keywords: solar water still, solar energy, passive techniques, thermal efficiency, water quality.

1. Introduction
Drinking water or fresh water is important

substance in today’s climate. It is absolutely
essential for life. The freshwater availability is
becoming scarce with time, leading to severe
water crisis in many parts of the world. This is
attributed mainly to uneven distribution of water
resources and steep rise in population from rural
to the urban areas.

Solar water distillation system is a highly
promising and an environment friendly
technology. In India, solar stills are used for the
domestic purposes. They are generally used to
meet small-scale demands. This process removes
impurities, such as salts and heavy metals, and

eliminates microbiological organisms. In this
system, water is first evaporated by absorbing
solar energy followed by its condensation, to
produce pure water. The condensate is than drain
out using an outlet channel. Pre-heating of water
is done by the use of additional solar collector to
the main system. This results in improvement in
solar still performance and increased water
distillate. The performance of solar distillation
depends upon the design of solar still and
climatic conditions.

2. Principle and Heat Transfer Mode

The basic principle of solar water still is simple,
yet effective, as distillation replicates the way
nature makes rain. The sun's energy heats water
to the point of evaporation. As the water
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evaporates, water vapor rises, condensing on the
glass surface for collection. This process
removes impurities, such as salts and heavy
metals, and eliminates  microbiological
organisms. The end result is water cleaner than
the purest rainwater.

Figure 1: Showing distillation process in solar
water still with collector

The heat transfer in solar still is mainly classified
into two ways, internal and external heat
transfer.

1) Internal heat transfer: In solar still basically
internal heat is transferred by evaporation,
convection and radiation. The convective and

3. Governing Equations

System governing equations are as follows:
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evaporative  heat transfers takes place
simultaneously and are independent of

(a) Radiative heat transfer,

(b) Convective heat transfer.

2) External heat transfer: The external heat
transfer in solar still is mainly governed by
conduction, convection and radiation processes,
which are independent, each other.

a) Top loss heat transfer coefficient: The heat is
lost from outer surface of the glass to
atmosphere through convection and radiation
modes. The glass and atmospheric temperatures
are directly related to the performance of the
solar still. So, top loss is to be considered for the
performance analysis. The temperature of the
glass cover is assumed to be uniform because of
small thickness.

b) Side and bottom loss heat transfer coefficient:
The heat is transferred from water in the basin to
the atmosphere through insulation and
subsequently by convection and radiation from
the side and bottom surface of the basin.

Cp =999.2 +0.1434 X T, + 1.101 x 10~* x Tv?- 6.7581 x 1078 x

TV (1)
p = 353.44/(T, X

L =3.1615% 10° X [1- (7.616 X 107* x

To) oo

............ (5)

Papers of National Workshop on Emerging Sector of Engineering and Management (NWESEM-2016) can be accessed
from http://edupediapublications.org/journals/index.php/IJR/issue/archive Page | 16



http://edupediapublications.org/journals/index.php/IJR/issue/archive

International Journal of Research
ISSN: 2348-6848 Vol-3, Special Issue-19
‘/ Special Issue on
National Workshop on Emerging Sector of Engineering and
%/ IJR Management (NWESEM-2016)

P, = exp [25.317 - 5144/(T,; +

273) coreeeeeeeeeee et (6)
P, = exp [25.317 - 5144/(T, +
273) et (7)

B =1/(T, + 273.15)

The relation between evaporative heat transfer coefficient and convective heat transfer coefficient

he, = 0.016273 X hey X (B, — Pui/ T — Ta)

................................................................... (10)

he, = 0.016273 X [(k/a)¢(Gr.Pr)" X (B, — Pi/ Ty — Ta)]
.................................................... (11)

Qew = 0.016273 X [(k/a)(Gr.Pr)" X (P, — P;/ T — Ts) X (T, —

To) e oereeee oo (12)

The rate of mass transfer me,, is given by
m, = gey /L

m,, = 0.016273(P, — P,;)(k/a)¢(Gr.Pr)" x (3600/L) X A,,
................................................. (14)

Efficiency calculation

Thermal efficiency of solar still is

N =[Mey X L/IXA; Xt] X 100%

Overall Thermal efficiency of solar still when solar collector is attached

n=3 My L/3 [{I(D). XA, x 3600} + {I(t)s X A; X 3600}] X 100%
....................................... (16)

Papers of National Workshop on Emerging Sector of Engineering and Management (NWESEM-2016) can be accessed
from http://edupediapublications.org/journals/index.php/IJR/issue/archive Page | 17



http://edupediapublications.org/journals/index.php/IJR/issue/archive

St Yot o€ Bepech International Journal of Research
\///// ISSN: 2348-6848 Vol-3, Special Issue-19 oy
A — Special Issue on B Fo iy
p " National Workshop on Emerging Sector of Engineering and W A
«——IJR Management (NWESEM-2016) - :

4. Experimental Setup and Methodology

The experimental setup of single slope solar still is shown in Figure 2(a). The specifications of the set-up
are given in Table no. 1. It is an airtight basin. The top cover has transparent glass. The inner surface of
the square base is blackened to efficiently absorb the solar radiation incident at the surface. Insulation is
providing between outer surface of iron sheet and inner surface of wooden box. The brackish or saline
water is feed into the basin for purification. The solar radiation that passes through the transparent plane
glass heats water that starts evaporating. This evaporated water gets condensed on the underside of the
glass, which is further collected using channel.

As shown in the Fig: 2 (a) we connected the solar water heater with solar still, in which water is
circulated naturally. Its specification is gives in table 1.

(b)

Fig 2: (a) Experimental Setup, (b) Measuring Instruments Used.

Table 1: Specifications for the Setup

Solar Distillation System Additional Solar Pre-Heating Collector

S. No Component S.No. Component Specification
Specification
1. Black coated iron sheet thickness (0.6071x10°m) | 1. Effective Surface area 1.0 m2
2. Length 1.0m 2. Collector Thickness 0.095m
3. Width 1.0m 3. Effective Glass area 1.0 m2
4. Front height 0.18m | 4. Glass thickness 0.004
5. Back height 0.61m m
6. Glass thickness 0.004 m | 5. Box material Fiber
7. Inclination angle of glass (latitude angle) 23° 6. Inclination angle (latitude angle) 23°
8. Effective Glass area 1.0m? 7. Tubes material Copper

. Surface area 1.0 m? 8. Number of tubes 9
10. Water holding capacity 180 9. Diameter of tubes 0.001m
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liters 10. Insulation thickness(Thermo-coal) 0.012m
11. Insulation thickness (thermo-coal) 0.012m

12. Wooden thickness 0.012m

13. Plastic flexible pipe length 20m

14. Distilled water storage tank capacity 5 liters

15. Measuring jar capacity 1to 2000 ml

5. Observation and Results

Experiment was conducted in the month of Feb 2016 for three successive days taking three distinct water
levels 0.06m, 0.12m & 0.18m respectively. The angle of inclination of the set up is 23% A solar water
heater was also attached to solar still in the same angle as that of the still.

Time based reading of water yield was being made & tabulated as shown below:

Table 2: Observations of first day in month of Feb-2016 with water level 0.06 m.

Time Ta Vi RHa | Ty | Twp | Twe | Thi | Tho | Tai Tew Yield v Efficiency
(hours) (C) | (km/hr) | (%) | (°C) | (°C) | (C) | (C) | (C) | (°C) (°C) (ml) | (w/m?) (%)
7am-8am 17 3ESE 52 18 16 | 173 | 17 25 17 17 0 54.15 0
8am-9am 19 3SSE 67 26 | 232 | 246 | 23 33 | 25.9 22 2 254.55 0.246
9am-10am 24 3S 46 37 31 | 327 | 32 44 35 31 12 525.55 0.716
10am-1lam | 27 | 5SSW 33 46 | 408 | 421 | 39 50 | 44.3 36 28 711.95 1.234
1lam-12pm | 31 | 5WSw | 28 53 | 489 | 508 | 46 57 52 40 90 847.1 3.334

12pm-0lpm | 33 | 5W 22 | 59 | 57.9 |59.7 | 54 | 65 | 60 48 210 | 93035 | 7.085

01lpm-02pm | 34 0 20 64 | 60.1 | 61.8 | 60 76 63 46 279 914.1 9.580
02pm-03pm | 33 0 21 66 | 61.7 | 63.7 | 61 65 64 45 338 768.3 13.808
03pm-04pm | 30 0 22 61 | 59.9 | 61.2 . . 60 44 390 544.35 22.488
04pm-05pm | 26 0 26 59 | 58.1 | 59.6 . . 58 43 385 347.05 34.821
05pm-06pm 27 0 30 50 52 53.5 51 35 338 126.95 83.571
06pm-7am 1171

Total 3243

Thermal Efficiency of solar still in sunshine hours (between 7am to 06pm) is 16.08%.
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Table 3: Observations of second day in month of Feb-2016 with water level 0.12 m.

Time Ta Vuw RHa | Tv | Tuo | Twt | Thi | Tho | Tai Too Yield e Efficiency
(hours) (C) | (km/hr) | (%) | (°C) | (C) | (°C) | (C) | (C) | (*C) | (°C) (ml) (Wim?) (%)
7am-8am 15 | 6NNE 69 22 | 20 21 | 20 | 27 | 19 19 0 76 0
8am-9am 16 | 6 NNE 77 29 | 25 27 | 24 | 34 | 23 22 0 238.5 0
9am-10am 21 | 6NNE 61 33 | 29 31 | 30 | 40 | 27 25 12 456 0.826
10am-11lam | 24 | 5NNE 48 35 1301|331 | 32| 43 | 39 30 22 692.1 0.997
1lam-12pm | 27 | 5NNE 42 42 | 351 | 40 | 39 | 49 | 45 33 47 874.2 1.687
12pm-01pm | 28 6N 35 48 | 409 | 46.4 | 41 | 50 | 61 37 98 952.9 3.228
01pm-02pm | 29 | 6 NNW 31 53 | 46.7 | 525 | 44 | 54 | 61 40 162 941.35 5.401
02pm-03pm | 27 | 6 WNW 37 54 | 50.2 | 53.2 | 50 | 56 | 60 39 200 851.65 7.371
03pm-04pm | 25 | 6 WNW 33 54 | 521 | 536 | 51 | 56 | 59 38 263 658.5 12.536
04pm-05pm | 23 | 6 WNW 34 50 | 51.7 | 51.8 | .. . 48 35 295 392.85 23.570
05pm-06pm | 22 3N 36 48 | 48.9 | 496 | . . 50 29 333 121.95 85.711
06pm-7am 1792
Total 3224

Thermal Efficiency of solar still in sunshine hours morning (7am) to evening (06pm) is 12.84%.

Table 4: Observations for third day in month of Feb-2016 with water level 0.18 m.

Time Ta Vuw RHa | Ty | Tuwo | Twe | Thi | Trho | Tai Ty | Yield e Efficiency
(hours) (C) | (km/hr) | (%) | (°C) | (°C) | () | (C) | (C) | (’C) | (*C) (ml) | (W/m?) (%)
7am-8am 18 3S 65 | 32 | 27.1 | 302 | 27 | 34 | 30 19 0 64.5 0
8am-9am 20 5S 76 | 35 | 29.6 | 314 | 28 | 36 | 32 22 0 244.6 0
9am-10am 24 3S 59 | 38 | 317|371 | 30 | 40 | 37 28 8 470.35 0.533
10am-11am 28 35w 45 | 43 | 348 | 427 | 34 | 47 | 42 31 18 700.25 0.806
1lam-12pm 32 | 3WSW | 38 | 48 | 40.7 | 46.8 | 38 | 50 | 47 35 34 885 1.205

12pm-01pm 33 SwW 30 52 | 465 | 50.9 | 44 | 57 51 38 78 961.15 2.547

01pm-02pm 33 SW 25 56 | 494 | 53.2 | 46 | 58 54 41 95 932.75 3.196

02pm-03pm 32 6W 32 57 | 52.7 | 55.9 | 48 | 58 55 37 155 805.7 6.038

03pm-04pm 28 5N 31 54 | 542 | 56.4 | 49 | 58 52 33 207 | 621.25 10.458

04pm-05pm 25 5N 35 | 53 54 | 548 | . . 50 28 240 354.4 21.256
05pm-06pm 27 0 38 | 50 | 52.8 | 53 . . 49 24 255 92.25 86.766
06pm-7am 1926

Total 3016
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Thermal Efficiency of solar still in sunshine hours morning to evening is 12.07%. As shown in the Fig 3,
solar still produces maximum water yield for water level of 0.06 m during a normal sunny day. A water
yield is continuous increased till 04pm, after 4pm yield is decreases in subsequent hours.
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Figure: 3 Yield v/s Time graph of still for three different days with three distinct water levels

As shown in Fig.4, water yield in sunshine hours is more with water level 0.06 m and less with 0.18 m,
whereas during evening to next morning this yield reverses i.e. water level 0.18 m more yield as compare
to .06 m and 0.12 m during night hours.
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Fig: 4 Hourly variation of water yield in sunshine hours, sunset hours and 24 hours, for distinct water levels.

Following graph represents variation of solar radiation with time for three different days. Variation in
radiation almost same, according to graph radiation increase from 7 am to Olpm after that radiation
decrease from 01 pm to 06 pm
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Fig: 5 Solar Radiation (w/m?) v/s Time (hours) for three different days and distinct level.

Fig 6: Show’s the hourly efficiency for three distinct water level in this graph the efficiency is continually
increase when water level 0.06m use but all three water level during 05pm to 06pm efficiency almost
same.
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Fig: 6 Hourly variations in efficiency (%) for three distinct water levels
6. Water Quality Testing and Analysis

The single slope solar water distillation system with solar water heater has worked successfully and
produced purified water, we have done the analysis of purified water in water testing laboratory, Jabalpur-
482001 (M.P.) and the result is tabulated below.

e Sample Description: Water samples(untreated and treat)
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Table 5: Analysis report of purified water

Tests Type | Inlet Water | Outlet Water (Distillate) I. S. Standards
Chemical tests
pH 7.8 6.8 6.5-8.5
Alkalinity (mg/ L) 26.6 - 200
Turbidity (NTU) 10 5 1
Total Hardness (mg /L) 278 181 200
Dissolved Oxygen (mg /L) 11 11 -
Chlorides (mg/ L) 834 201 250
Sulphates (mg /L) 124 62 200
Total Dissolved Solids (TDS) (mg/ L) 405 229 300
Microbiological tests
Total plate count (CFU ml™) 430 Nil -
Coli form count (CFU ml™) 835 Nil -
Total plate count (CFU ml™) 430 Nil -

7. Conclusion

and 12.07%

with three water

level

A single slope solar still has been
constructed and tested successfully.

Water quality testing: It is observed that
the solar still was efficiently converting
impure water into pure drinking water,
with TDS value reduced (229 from 405
mg/l), pH is reduced 6.8 from 7.8. An
appreciable elimination in microbiological
bacteria, without change in dissolve
oxygen % is observed. Test proved that
the water is as pure as boiled water and
there are no harmful salts at all.

The overall thermal efficiency of solar
still in sunshine hours is 16.08%, 12.84%

Nomenclature

Ay = Evaporative surface area (m?)

As = Area of solar still (m?)

Ac = Area of solar water heater/solar collector (m?)
Aq =  Area of effective glass surface (m?)
Cp = Specific heat (J/kg °C)

d = Level of water in (m)

p = Density (kg/m?)

k = Thermal conductivity (W/m °C)

u = Viscosity (Pas)

§ = Expansion factor

n =  Thermal efficiency of solar still (%)

0.06m,0.12m and 0.18m.

The total yield was found 3.243, 3.224
and 3.016 liter with respected water level
in 24 hours. The vyield of water in
sunshine hours is more with water level
0.06m as compare to water level 0.12m
and 0.18m, but after sunset during
evening to next morning the water yield is
more with water level 0.18m as compare
to water level 0.12m and 0.06m.

Addition of solar pre heating collector
results in high and continues yield of pure
water even after sunset.
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L = Latent heat of Vaporization of water (2260 kJ/kg)
Pei = Partial saturated VVapor pressure at condensing cover temperature (N/m?)
Pw = Partial saturated vapor pressure at water temperature (N/m?)
RH, = Humidity in ambient condition (%)
hew =  Evaporative heat transfer coefficient (W/m? °C)
hew = Convective heat transfer coefficient (W/m? °C)
lavg = hourly average solar radiation on solar still and solar water heater (W/m?)
T, = Atmospheric temperature (0C)
Tw =  water surface temperature (°C)
Ty =  Glass inner temperature, (°C)
Too =  Glass outer temperature (°C)
T, = vapor temperature (°C)
Vw = wind velocity (km/h)
Jew = Heat transfer per unit area per unit time (W/m?)
Mew = = Rate of mass transfer, (kg/s )
Pr = Prandtl number
Gr =  Grashoff’s number
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