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ABSTRACT

This paper presents design and performance analysslar still integrated with evacuated tube ectibr in
natural mode. Performance has been predicted tiadhg in terms of water and inner glass cover penatures, energy,
exergy efficiencies and yield during typical sumrdays. The maximum daily energy and exergy efficyewas found to
be 34.39 and 4.04 % during the sunshine hoursdar Bater depth, which decreases with increase pthdélowever, the
optimum performance has been found for basin wdgpth of 3 cm with distillate yield of about 8 litddence integration

of 10 evacuated tubes to the solar still with degftB cm gives maximum daily yield.
KEYWORDS: Evacuated Tube Collector, Solar Still, Energy &éfincy, Exergy Efficiency
INTRODUCTION

The demand for good quality drinking water is imgiag steadily and could be a major problem in many
developing countries. Distillation refers to thenmval of salts and minerals in order to converthish/salt water to fresh
water to make it suitable for human consumptiomv@ational solar still continues to be a choicentyafor remote areas,
due to the known advantages it has, such as u$e@fenergy, eco-friendly, simple technological amhstructional
solutions that can be implemented locally (Mathédig and Belessiotis, 2003). Solar energy playsrgrortant role for
sustainable development in coming years as annalige energy source. Solar stills are one of thestnfamous
distillation technologies which use the solar egyéngproducing potable water. Many active desighsatar still (i.e. solar
still integrated with parabolic concentrator, evated tube collector (ETC) and flat plate collect¢FC), hybrid
photovoltaic (PV-T) solar still) have been studmdvarious scientists to enhance the daily yielde €ffects of shape and
size by using plastic condensing cover for passetar still have been proposed and used by vargmisntists
(A. EI-Nashar, 2009, Sharma and Diaz, 2011 and ijv2®02). To enhance the distillated yield doubésin solar still
integrated with evacuated tubes was studied (P&n2843). The present study carried out to evalyadormance of
system and theoretical analysis was carried outeign single basin single slope solar still intégad with evacuated

tubes.

MATERIALS AND METHODS

Experimental Setup

A solar still coupled with evacuated tube colleat@s developed and installed at Department of Uveotional
Energy Sources and Electrical Engg. Dr. PDKV, Akdtaconsisted of water basin, top cover, evacuatibe collector.

A schematic view of solar still coupled with evatdhtube collector is shown in Figure 1.
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As per design specifications of solar still coupleith evacuated tube collector having capacity @fli@batch
was designed and fabricated. The water basin iag&ed in square shape. Ten evacuated tube et ih the water
basin. The basin was fabricated with mild still.eTHistillate channel was provided at the bottomsiofping side.
The sloping side was covered with toughened glégdsnm thickness. On the bottom side of the sloinig drain outlet
was provided which was 0.75 inches. The evacuatbdst used in solar still were 2100 mm length andn®8 outer

diameter.

Isometric view

Figure 1 Solar Still Coupled With Evacuated Tube Cbector
Design Methodology

To design the active solar still theoretical diaté yield calculated for which evaporative heansfer coefficient
calculated (Badran, 2011). Following table givesigie parameters considered for design of soldristiégrated with

evacuated tube collector.

Table 1: Initial Design Consideration for Design Slar Still

S. N. Design parameters Values
1 Location Dr. PDKV, Akola
2 Latitude of Akola 20°.7 North
3 longitude of Akola 77 .07 East
4 Specific heat of water (§, kJ kg*C* 4.17
5 Average sunshine hours, h 08
6 Latent heat of vaporization of waté) (kJkg" 2446.80
7 Global radiation at Akola, W 750
8 Density of water, kg/m 996.62
9. Emissivity of glass 0.92
10. Emissivity of water 0.98
11. Thermal conductivity of glass, W/m K 0.8
12. Thermal conductivity of insulation, W/m K 0.016
13. Kinematic viscosity(v),fls 8.84 x 10/
14, Dynamic viscosityg),N s/nf 2.86 x 10'

Design calculations were made using following eigpunast

Evaporation heat transfer coefficient from water toglass cover inner surfaceW/nf K

hewgi =16.273 x 1073 x hcwgi [PW—Pgi]

Tw=Tgi

Where, Qg = convective heat transfer coefficient from wateglass surface (WAK).
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Py = partial vapour pressure at inner glass surface
P.= Partial vapour pressure at water surface

Tw = temperature of water

Tgi = temperature of inner glass surface
Theoretical distillate yield

The hourly distillate yield obtained from solaidlstan be evaluated using following equation

_ Rewgi(Tw—Tg)X3600

M
ew L

Where, T, = temperature of water in basin,°C
T4 = temperature of inner glass surface, °

L = Latent heat of vaporization of water (J/kg)
Base area

The calculation of the base area of the solaristtlhe most essential part as it is vital to krtbevarea needed for
desired amount of solar radiations to be inciderdrder to produce the required output. With aréesoutput of 10 litres

of water, the amount of solar energy required aandculated as follows:

Qreq
Mew - L

Q‘req =M, XL

Now, In order to calculate the amount of incidesias energy (Q.) it is needed to analyze the data of the average
amount of solar energy incident in Akola. The pgalue of solar energy received in Akola throughihw year is 1000
W/, Therefore,

Commercial glass transmits a minimum of 80% oftligtys incident on it and Assuming a period of 8iisgper

day of incident solar energy,

Q __ IXsunshinehourxincident
ine 1000

Area of base requireq, = req

The useful energy output of an evacuated tubesjrfgiland Soe, 2015)
Qu = Qabsorver — Qthermaliosses

Qabsorber = Ag X Nope X 1

Where,

Qu =The useful energy output of an evacuated tube, W

Qabsorber=The solar radiation absorbed by the tube, W
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A, = Aperture area of the absorbef, m

| = Solar radiation on horizontal surface, Vi/m
Nopt. Optical efficiency, %

Qthermatiosses = Qraa X Qcon
Where,

Qrad = The radiation heat transfer from outer glase Wi
Qon = The convection heat transfer from outer glabg tiW
Collector efficiencyn

The thermal performance of evacuated tube soldeatolr can be estimated by the solar collectociefficy, n,

which is defined as the ratio between the net dait and the solar radiation energy (Aera, 2011).

. Qu
n= Acxle
Where,

Q. =The useful energy output of an evacuated tube, W
I :=The solar radiation on collector, W/m

A= Area of collector, m

Area of evacuated tubes

A = Xr Xl

Where,

Aq = Area of Evacuated tubem

r = Radius of evacuated tube, m

| : Length of evacuated tube,

Number of tube

Collectorarea
Nf =

Areaoftube
N; is the number of tube used in the collector
Performance Analysis of System

In the testing of solar still coupled with evacuhtebe collector was fill up the water basin by evatp to the
fixed depth 3 cm. The experiment was conductedénnionth of April 2016. The all temperature, refathumidity, solar
radiation and wind velocity for solar still was nseeed. Experiment was conducted between 7:00an0 6 day with

evacuated tube. Outside glass surface temperangrénaide glass temperature, relative humidity amad speed were
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recorded at one hour interval during the test knom the observations energy and exergy efficieaeycalculated as
follows.

Energy and Exergy Efficiency
The energy output from the solar still can be ot#@diusing following equation (Kumar, 2014)
Qout = hew X (Ts — Ty;)
Instantaneous energy efficiency of the integratestiesn can be obtained as;

_ hewx(Tw=Tg)
IsXAp+IcXAq

Nis

The exergy output of a the solar still can be atatdias follows
Ta

ExXevap = how X Ay % (Ty = Tyi) (1= 72)

The maximum exergy of the solar radiation at terapee is expressed as follows,

EXepap = 0.933 X Iy

The exergy efficiencye] of the solar still is defined as the ratio of Eeoutput associated with distillate yield to

the exergy input (radiation exergy), and can beesged as

_ EXepap

EXsun
Where,
¢ : The exergy efficiency, %
Exevap EXxergy output of the solar still, W
Exsun Exergy input of the solar still, W
Is: Solar radiation, W/t
Oout : Energy output of solar still, W

RESULTS AND DISCUSSIONS

Design of Proposed System

In order to design the solar still theoretical ilete yield was calculated from evaporative hensfer
coefficient. Then base area of solar still was waked and it was found to be 12nThe useful energy output from
evacuated tubes was calculated from which colleaten was determined and then number of tubes eadcalated.
The number of tubes was found to be 10 for themaktistillate yield of about 10 liter for maximwwater depth of about

3 cm. Table 2 gives design specification solar atilipled with evacuated tube collector.
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Table 2: Design Specification of Solar Still Integated with Evacuated Tube Collector

Sr. No. Particular Specification
1 Collector area, M 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 Assessment of System

Performance of system was evaluated in terms ofggnand exergy efficiency. The solar still couphetith
evacuated tube collector was evaluated at full waditions. Temperature of water in the basinsgleover inner surface,
glass cover outer surface and water temperatuegdnuated tube were recorded with the help of Bl thermocouple
in combination with digital temperature indicat@atgistalukdest al, 2013). The results obtained from experiments are

summarized as follows

Figure 2 shows the variation of temperature andrs@ldiation with respect to time. It has been ol that as
intensity of solar radiation increased the tempeeaslso increased and it was found to be maximiatout 43°c at 14.00
h.

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 52.nt. As temperature in evacuated tube were measureetéomine
the useful energy from the collector, similarly teenperature of inner glass surface and outer glasace was found to
be in the range of 36.1 to 87.5 °C and 35.1 to%l,.Bespectively. The temperature of water in theifbwas found to be in
the range of 38.8 to 91.70°C as it is the tempegatuhich is responsible for evaporation of watertlie basin
(Hunashikatti, 2014).
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Figure 2: A Hourly Variation of Temperature and Solar Radiation With Respect to Time for Water Sample

Figure 3 shows the variation of distillate yielddesolar radiation with respect to time. Performaaicstill mainly
depends on the intensity of solar radiation abgsbrbg 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
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directly affected by solar radiation particularly 3 h when maximum production was observed i.e &80with
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 radiationveufollowed the same path as that of the diséligeld.

It was also observed that solar radiation was faonoe low during late hours with correspondindiliige yield
of about 800ml. It was observed that due to thee@mee in solar radiation the temperature of watehé basin increases
until the intensity of radiation decreases. Thawefthe distillate yield was maximum during late teoas compared to
earlier. These results were found to be in agreeofefYadav and Sudhakar, 2015). The solar radiatias found to be in
the range of 80.6 to 913.7 Wiwith corresponding distillate yield of about 8Jger.
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Figure 3: A Variation of Distillate Yield and Solar Radiation with Respect to Time for Water Sample

Figure 4 gives the variation of energy and exerffigiency with respect to solar radiation. It hasebh observed
that the energy efficiency was found to be minimofabout 7.70 to 26.53 % during early hours andlamtrend were
observed for exergy efficiency as it was direcliated to solar radiation. The variation of enezfficiency of system was
found to be in the range of 7.70 to 72.05 % du@r@) and 15 h. The energy efficiency was foundedess during early

hours due to is increase in heat flow rate to #iimes water. The average energy efficiency was daworbe 34.39 %.

Similar trend were observed for exergy efficiensyshown in figure 4. It was found to be less thaargy
efficiency because of incoming solar energy wastrdged due to irreversibility of different compongn Exergy
efficiency of the system was found to be in thegenf 0.13 — 10.32 % between 9.00 and 15.00 h.avieeage exergy
efficiency was found to be 4.04 %. The trend ofveuwvas similar to that reported by (Shivkumar, 2013
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Figure 4: A Variation of Energy, Exergy Efficiency and Solar Radiation with Respect to Time for WaterSample

CONCLUSIONS

A solar insolation is an important parameter ired@ination of yield from solar still and thus thetjput from still
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depends on the distribution of radiation throughtbet day. The yield was maximum when the daily lisison and mean

ambient temperature were consistently high. Thtlldie yield was found to be 8 liter with corresuling water depth of

about 3cm. The maximum daily energy efficiency @snd to be 34.39 % and exergy efficiency was 204lue to

thermal losses in system.

REFERENCES

1.

10.

11.

12.

13.

Arora S., Shobhit C., Udayakumar R. and Ali M. (2pThermal analysis of evacuated solar tube caltsct
Journal of Petroleum and Gas Engineering Vol. 2{4)82.

Badran O. (2011) Theoretical analysis of solarilibn using active solar still. Int. J. of Theam&
Environmental Engineering Vol. 3(2):113-120.

El-Nashar A., Seasonal effect of dust depositioradield of evacuated tube collectors on the pentorce of a
solar desalination plant, Desalination 239 (20@)&..

G.N. Tiwari, Solar Energy: Fundamentals, Design, delbng and Applications, CRC Publication/Narosa
Publishing House, New Delhi/New York, 2002.

Hlaing S. and Soe M. M. (2015) Design Calculatiow d&leat Transfer Analysis of Heat Pipe EvacuatebeTu
Solar Collector for Water Heating, Internationaud@l of Scientific Engineering and Technology Resh
V0l.03 (12): 2606-2611.

Hunashikatti P. T., Suresh K. R., Prathima B. andh8eva G. (2014) Development of desalination usiihg

solar still coupled with evacuated tubes for doiasde in rural areas. Current Science, vol. 1@7.(1

Kumar S., Dubey A. and Tiwari G. N. (2014) a satll augmented with an evacuated tube collectdionsed

mode. Desalination 347 :( 15-24) www.elsevier.cogdte/desal

Kumar S., Singh R. V., Hasan M. M., Khan M. E. anidvari G. N. (2013) Thermal analysis of a solatl sti
integrated  with  evacuated tube  collector in naturaimode. Desalination  318:25-33

www.elsevier.com/locate/desal,11

N. Sharma, G. Diaz, Performance of a novel evaddatiee solar collector based on mini channels, Soérgy
85 (2011) 881-890.

Panchal H.N (2013) Enhancement of distillate outpfutiouble basin solar still with vacuum tubes. rdali of

King Saud University — Engineering Sciences 27 -17%

Yadav S. and Sudhakar K. (2015), Different desifjaatar still: a review, Renewable sustainable gneeview
47 :(718-731)

Zargistalukder, Foisal A., Siddique A. and Rafidaiabeg M. (2013) Design and performance evaluaifesolar

water distillation plant. Global Journal of Resd® in Engineering General Engineering. Vol. 13 (1)

Ziabari F. B., Sharak A. Z., Hamid M. and Tabrizi = (2013) Theoretical and experimental study afcade
solar stills. Solar energy 90: (205-211)

NAAS Rating: 3.30 - Articles can be sent teditor@impactjournals.us




