International Journal of Applied and

Natural Sciences (IJANS) A International Academy of Science,
ISSN(P): 2319-4014; ISSN(E): 2319-4022 ‘ : ) Engineering and Technology
éoll.Ag,El_?sue 1, Dec - Jan 2017; 55-64 IASET Connecting Researchers; Nurturing Innovations

EVALUATION STUDY OF SOLAR WATER DESALINATION SYSTEM FOR SALINE
TRACK AREA OF VIDARBHA REGION

S. R. KALBANDE, SNEHA DESHMUKH & V. P. KHAMBALKAR
Department of Unconventional Energy Sources & Eiegt Engineering,
Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola,,Mg&lia

ABSTRACT

Performance of solar still was evaluated with eaded tube collector by distilling four water sangptmllected
from different location. The distillate yield frosolar still depends on the temperature differenetsvéen the water in
basin and inner glass cover. Higher the differetioe greater is the yield. The integration of ewded tube collector with
solar still increased the water temperature as agllistillate yield. The daily yield of 8 litref®.03 m water depth in
basin was obtained in normal sunny days of summ&san. The biological and chemical analysis ofahivater sample

and distillate water sample revealed that thellditgiwater was fit for consumption.
KEYWORDS: Distillate Yield, Evacuated Tube Collector, Solaitl SVater Depth
INTRODUCTION

Water is fundamental to human life on earth forvea and good health. Access to safe water is goma
challenge in many communities in developing coestriAs world population and social-economic growethgieties are
challenged to provide fresh water to meet thoselaiéar all of their people. Water is the basic msdg for human along
with food and air. There is almost no water leftiarth that is safe to drink without purificatiddnly 1% of Earth's water
is in a fresh, liquid state, and nearly all of tisipolluted by both diseases and toxic chemi¢ads this reason, purification

of water supplies is extremely important.

Growing demands of freshwater resources are cgeatirurgent need to develop self sustained systeneet the
demand of fresh water. Among the available purificatechnologies, solar desalination process [gdwebe a suitable
solution for resolving this existing crisis. Thisnewable energy technology operates on a basiciplienof solar water
distillation (Tenathiet al, 2012). The sun’s energy heat increases the fat@aporation. As the water evaporates, water
vapor rises and condenses on the glass surfaceofiection. This process removes impurities suchsats and heavy
metals as well as eliminates microbiological orgars. The solar distillation system in this papefudes evacuated tube

collector (ETC) subsystem. Evacuated tube collsaitilize solar radiation to heat the work mediuatav.

MATERIAL AND METHODS

Location of Experiment

The experimentation was carried out at the Departroé Unconventional Energy Sources and Electrical
Engineering, Dr. PDKV, Akola. Akola is located atitude 20.7™N and longitude 77.0F. Akola has tropical savanna

climate.
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Experimental Set Up

In this experimental set up, a systematic diagréra single basin active solar distillation unitdsupled with
evacuated glass tubes (EGT) is shown in Figureath ef which contains an individual absorber tubeeced with a
selective coating to warm the water additionallppto sending it to the solar still. An evacuatgdss tubes are integrated
with the single basin solar still. Inside solatl &tasin thermocouple fixed at basin liner andrtoer glass cover. Because

of inclined glass evaporated water particle catecobht the bottom of the glass.
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Figure 1. Systematic Diagram of Single Basin Solastill Coupled with Evacuated Glass Tubes

The water in the basin is heated by the solar gndirgctly received through the glass cover of gtit and the
solar radiation passes through the outer glass anbefluid flowing through the absorber. Solarl dts black painted
basin of area of 1frfilled with brackish water supplied to it from @l (Figure 1).The evaporating basin is covered by a
sheet of toughened glass having 4 mm thicknesshadliows the sun rays directed to basin. Angleilohg the glass
cover is 21 degree and 37 degree is EGT collegtdrough running along the bottom side of the glesger ensures the
collection of the potable water toward the collectivessel. The glass also holds the heat insidstithéor continuing the
evaporation of water inside the basin. An inletepip fixed at the back side of the still for feeglithe brackish water.
Thermocouples (to measure the various temperatfreslar still) was used at different place. An Evated glass tube
Collector (2100 mm long, 58 mm) has been used apenate the water which is inside the basin. Siliagbber is used as
sealant to prevent the heat losses between thessitland evacuated glass tubes as well as leakesges. The side walls
and base of the solar still are insulated with pmyhane form having thermal conductivity of 0.048m°K of 5 cm thick.

Depth of water level was maintained 3 cm duringglgod of investigation work.
Distillate Yield

The hourly distillate yield (kg/f) obtained from solar still can be evaluated fiamown values of J and Tgi
obtained as (Singh and Singh, 2015)

i, - e (T, — ?.j X 3600

Where,
hew = Evaporative heat transfer coefficient

T, = temperature of water
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Tqi = temperature of inner glass cover

L = latent heat of vaporization

Performance Evaluation of Solar Still

57

The performance of solar still was carried out \ied water depth of and four sample of differkmation.

Table 1: Water Sample of Different Location beforeand After Distillation

Sr No SIS O Location
" | Before Distillation | After Distillation
1. Sample B1 Sample Al C.A.E.T Akola
2. Sample B2 Sample A2 Girls Hostel
3. Sample B3 Sample A3 Shivni
4. Sample B4 Sample A4 Mothiumri

Water Quality Analysis

Water is a universal solvent. It contains variadplantities of dissolved solids and gases. Sometimespended

and colloidal, organic and inorganic material ocasimwell.

Water is classified as hard or soft according sodbncentration of Calcium and Magnesium ions. &hess are
present in high concentration, the capacity of waddather with soap is reduced and such watergyenerally term as
hard water. A soft water is one which produceddetmasily soap. The standard value and methods wgeit for analysis

of water given in table 2

Table 2: Different Methods and Standard Value for Measuring Water Quality Parameters

Standard Value
Sr. No. Parameter BIS WHO Method
1 pH 6.510 8.5 6.5t08.5 pH meter
2 EC,dSnt 0.75-2.25 0.50 EC meter
3 TDS 500 500 Calculated from EC
4 Calcium,meqLt 3.8 3.8 Compleximetric titration methog
5 Magnesium,meqL 2.5 2.5 Compleximetric titration methog
6 Sodium,meqLt 4.4 4.4 Flame photometric analysis
7 Potassium,megt. 0.3 0.26 Flame photometric analysis
8 Chloride,meqL* 4.16 5.2 Mohr’s titration method
9 Sulphate, medt. 5.2 5.2 Turbidimetric method

Water Quality Indices and Suitability

After analysis of water samples for different paedens like total soluble salt, cations and anidnis,imperative
to calculate some indices in order to assess therwgaality and its subsequent effect on the soiportant indices of

water quality parameters are given below.
Sodium Absorption Ratio, SAR

It is calculated to indicate the sodicity or alkéty hazard of water

SAR =

bl =
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Where concentration of cations is in meq per liBased on the values of SAR, water can be rateddifterent
categories of sodicity as under

Table 3: Suitability Class for SAR

Suitability Class SAR, Rating
Safe Less than 10
Moderately safe 10-18
Moderately unsafe | 18 — 26
Unsafe More than 26

Residual Sodium Carbonate, RSC

This index is important for carbonate and bicartbemich water. It indicates their tendency to ppéeie Ca as
CaCQ.

RSC = (CO,*” + HCO,™™) — (Ca®™ + Mg™)

Where concentration of both cations and anioria imeq per litre. Sodicity hazard of RES, waten t& rated
into different categories of sodicity as under

Table 4: Suitability Class for RSC

Suitability Class | RSC, Rating
Safe Less than 1.25
Moderately safe | 1.25- 2.50
Unsafe More than 2.5

RESULTS AND DISCUSSION

A solar still coupled with evacuated tube collect@s designed and fabricated for distillation otevas per the

designed specification as given in Table 5

Table 5: Design Specification of Solar Still Couplé with Evacuated Tube Collector

Sr. No. Particular Specification
1 Collector area, fn 2.10
2 Area of basin, m 1.00
3 Area of glass cover,m 1.04
4 Angle of inclination of glass,’ 21.00
5 Width of basin, m 1.00
6 Number of tube 10.00
7 Length of tube, m 2.10
8 Outer diameter of tube, m 0.058
9 Inner diameter of tube, m 0.048
10 Area of tube, M 0.19
11 stand height, m 1.25

Performance of Solar Still

The solar still coupled with evacuated tube coliestas evaluated at full load conditioA®mperature of water
in the basin, glass cover inner surface, glassrcowvter surface and water temperature in evacuatsel were recorded

with the help of calibrated thermocouple in comhbiora with digital temperature indicator. The resutibtained from
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experiments are summarized as follows:
Performance of Solar Still for Sample 1

Figure 2 shows the variation of temperature andrsidiation with respect to time for sample 14distbeen
observed that as intensity of solar radiation iaseel the temperature also increased and it wasl fmube maximum of
about 43°c at 14.00 h (Ganadason et al, 2011).

Average temperature of evacuated tube was foube %8.08°C with corresponding average ambient teatye
of about 39.25°C and solar radiation of about 521A7nf. As temperature in evacuated tube were measureetéomine
the useful energy from the collector, similarly tieenperature of inner glass surface and outer glagace was found to
be in the range of 36.1 to 87.5 °C and 35.1 to,8&$pectively. The temperature of water in thdérbass found to be in
the range of 38.8 to 91.70°C as it is the tempegatthich is responsible for evaporation of watethia basin (table 6)
(Badran, 2011).
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Figure 2: A Hourly Variation of Temperature and Solar Radiation with Respect to Time for Sample 1

Table 6: Variation of Temperatures and Solar Radiaion with Time for sample 1

Time T amb Th Tqi Tam Te Tw Solar Radiation
(h) ) | 0 | | | | (W/m?)
7.00 34 36.2 36.1 35.1 37.60 38 250.6
8.00 34 39.5 42.1 37.7] 41.00 46.P 363.2
9.00 35 43.2 50.2 40.3 43.283 54.p 567.6
10.00 38 54.7 60.7 55.1 54.50 64.4 683.0
11.00 40 65.4 71.5 61.3 65.83 74.9 860.6
12.00 41 79.4 76.1 69.9 76.10 79.8 836.8
13.00 42 90.8 82.1 72.4 82.10 85.8 913.7
14.00 43 87.0 85.4 72.7 88.17 89.p 862.4
15.00 43 89.1 87.5 74.9 90.30 91.6 542.0
16.00 41 85.2 84.6 81.9 87.30 87.1 397.3
17.00 40 76.5 74.3 60.8 78.40 76.P 142.8
18.00 40 71.6 69.2 58.0 18.00 70.5 80.6
Average | 39.25 | 68.22 | 68.32 | 60.01 | 68.08 | 71.49 541.72

Figure 3 shows the variation of daily distillatetmut with wind speed. The distillate output incredss wind
speed increased. As wind speed increased wateetatupe in basin and glass temperature decreasaddeeof heat was
removed more rapidly from still cover by convectidiience temperature difference increased with assein wind

velocity therefore distillate output increased a@sdwelocity increases during a day and distillgield decreased with
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wind velocity during night because of increase gmthlosses due to wind. Due to increase in winaoigl cover
temperature was decreased and the distillate yiel@ased. The wind velocity was found to be mithnge of (0.3 to 4.2

m/s) with corresponding increase in distillate gief about 913 ml (El-Sabaii, 2000).
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Figure 3: A Variation of Daily Distillate Yield and Wind Speed with Respect to Time for Sample 1

Table 7 depicted that the wind velocity was fourdrbaximum at 14 h (3.9 m/s) with correspondingiltist
yield of about 930 ml. During early hours the wivelocity the wind velocity was found to be maximi#n2 m/s) with
corresponding distillate yield of 100 ml. This wdse to the time lag between evaporation and comdiensprocess

(Aroraet al, 2011). Total distillate yield was found to be®IBer for sample 1 in 24 hours

Table 7: Variation of Ambient Temperature, Wind Velocity, Solar Radiation and Distillate Yield with Time for

Sample 1
Tg;e I@Cm)b W'“(dm\/’:gg;"ty So'a&\';"/":‘ndz')am” Distillate Yield (ml)
7.00 34 3.2 250.60 0
8.00 34 3.1 363.20 50
9.00 35 0.3 567.60 100
10.00 38 2.1 683.00 270
11.00 40 2.5 860.60 350
12.00 41 1.7 836.80 600
13.00 42 4.2 913.70 760
14.00 43 3.9 862.40 950
15.00 43 1.8 542.00 820
16.00 41 2.4 397.30 840
17.00 40 3.1 142.80 850
18.00 40 2.9 80.60 800
Average | 39.25 2.6 541.72 Total yield = 8.30L

Figure 4 shows the variation of distillate yielddasolar radiation with respect to time. Performaoicstill mainly
depends on the intensity of solar radiation absbrbe absorber plate and hence increased in distij&eld due to
increased difference between temperature of watgrgéass cover temperature. It was observed thé&rpgance of still
directly affected by solar radiation particularly ® h when maximum production was observed i.e B&0 with
corresponding maximum solar radiation of 862.4 W/mcreased in solar radiation resulted in increafsevater mass
temperature, hence it would cause evaporationsé¢ifaate. Therefore, the decreased solar radiatiensity would lower
the system distillate yield. The solar radiatiomveufollowed the same path as that of the diséligeld (Al-Hinai et al,
2002).
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From table 4.4 it was observed that solar radiatias found to be low during late hours with cormgting
distillate yield of about 800ml. It was observedttkdue to the increase in solar radiation the teatpee of water in the
basin increases until the intensity of radiatioordases. Therefore the distillate yield was maxinauming late hours as
compared to earlier. This results were found tanbagreement of (Yadav, 2015). The solar radiatias found to be in

the range of 80.6 to 913.7 W/with corresponding distillate yield of about 8.ger.
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Figure 4: A Variation of Distillate Yield and Solar Radiation with Respect to Time for Sample 1
Figure 5 shows the variation of ambient temperatuna distillate yield with respect to time. Dueittoreased in
ambient temperature production rate of solar sidkeased with temperature difference between basthinner glass
cover surface of abouf@. The peak value of ambient temperature was fdaarige 43C with corresponding distillate
yield of about 950 liter because of sudden risaribient temperature. The ambient temperature wagdfto be in the
range of about 34 to 48 (table 7). Similar results were observed by (M&feal, 2000).
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Figure 5: A Variation of Ambient Temperature and Distillate Yield with Respect to Time for Sample 1

Water Analysis

Chemical analysis of impure and pure water whichewsesed for study was carried out for pH, EC, TDIg>"
C&”, Na ions etc. The data obtained during the experintiemias presented in Table 4.3. It was observethftbe table
no, the chemical analysis of pure (distilled) ampuire (saline or tap) water has shown reductiothinpH, EC and

various cations like Mg' C&™ Na+, and anions Cl-, carbonate, bicarbonatdretbe pure water.

Table 8: Chemical Properties of Water Before and Akr Distillation

St No Parameter Before Distillation After Distillation
o Bl B2 B3 B4 Al A2 A3 A4
1 pH 7.02 7.03 7.31 7.23 7001 6.98 6.99 6,88
2 EC 1.49 1.50 2.40 3.04 0.08 0.04 0.p4 0Jo6
3 Na™ 24.43 25.40| 65.44 92.0 00 0d 0.98 0.p8
4 TDS 953.60 960 1536 19456 192 256 256 384
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Table 8: Contd.,

5 Ca + Mg 28.0 22.00 31.60 60 3.6 9 4 2
6 Cl- 22.00 24.00] 40.0¢ 48 2 2 5.4 5[
7 HCG 4.66 5.22 6.52 6.9 0.04 o004 032 0.12

The data presented in table no 8 indicated theegahbtained for cations and anions during the eoofs
investigation. Based on the data it was observatttte considerable amount of contains Ca +Mg waad in the range
of 22 to 60meqL* before distillation while it was reduced to 2 rh&gfter distillation, which was followed by sodium
24.43 to 92 before distillation and 0 to 0.98 méafter distillation. Similarly, in respect of an®it was observed that
bicarbonate was found to be in between 4.66 tar@§L before distillation and 0.13 to 0.27 méyafter distillation. The
chloride was 22 to 48medfiand 0.04 to 0.12. medibefore and after distillation respectively.

In case of total dissolved solid, it was reduced9d® and 38.4 after distillation which was in taage of 953 to
1946 ppm for before distillation. The electric cantivity of impure water sample was found in thage of 1.49 to 3.04
dSm'which was reduced remarkably to 0.03 to 0.06 dSmwing the significance of adopted methodologydetting

good quality distilled water.
CONCLUSIONS

The distillate yield from solar still depends ore ttemperature difference between the water in basthinner
glass cover. Higher the difference, the greatehésyield. The integration of evacuated tube codleevith solar still
increased the water temperature as well as distijleld. The daily yield of 8 litre for 0.03 m veatdepth in basin was
obtained in normal sunny days of summer seasonditidlate yield were found to be 8.38,8.23,7.483ml for sample
1,2,3 and 4 at corresponding average wind velamfit9.6,1.43,1.94,2.8 m/s, respectively thus thedpetivity increased

with the increase in wind speed. Chemical analysggest that the distilled water fit for human sumption.
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