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Review on the important methods used to
enhance the productivity of the solar still

Hayder A. Dhahad, Wissam H. Alawee, Thamer A. Mohammad

Abstract— In this paper, a review is made on the various methods improving the productivity of the solar still systems. The studies on the methods
improving productivity such as using solar collector, internal and exterinal reflectors, nanoparticles, and phase change materials are discussed here. The
methods used in the past years to improve the performance of the different designs of active and passive solar stills werere viewed in this paper.The
review showed that the use of internal and external reflectors and improves the productivity of the solar stills. Initial heating of the feed water to the still
basin by solar collector shows a considerable improvement in the performance.The studies showed that solar stills with phase change materials and
heat storage medium phase change materials can plays a vital role in increasing the productivity through produce water distillate during night hours and
thereby, enhance the total productivity. Also, adding different nanoparticles mateial in basin water of still is the main parameter that affects the productivi-
ty of the still, Also, different designs in the solar still systems such as weir type stills, multi effect distillation, thermoelectric cooling, inclined type stills, etc.

enhanced the productivity.

Index Terms— solar, solar still, distillation, solar still systems.

1 INTRODUCTION

In recent years solar energy has been strongly promoted as a
viable energy source. One of the simplest and most direct
applications of this energy is the conversion of solar radia-
tion into heat. Also, the fuel cell is also used as alternative
energy sources, the efficiency of fuel cells is higher than the
internal combustion engine and the only byproducts are water
and heat, fuel cells are considered as prominent power sources
for the future [1-3]. Hence way that the domestic sector can
lessen its impact on the environment is by the using of solar
collectors [4-7], solar still [8-9], fuel cell, solar panal, ect. It is
commonly known that desalination by using solar energy is a
practicable solution to produce potable water especially in
remote areas which suffer from scarcity in potable water be-
cause the infrastructure is weak and the area is not connected
to main water supply network. On the other hand, a small
distillation system can be a practicable and economical solu-
tion for demand for potable water hoth at present and in the
future provided enough water sources and sunlight are avail-
able in these remote regions. Thus in order to enhance the
productivity of solar distillers of water, researchers all over the
world have carried out work to define the factors which play a
major role in solar distiller productivity and efficiency and to
find means to improve their productivity. Thus in order to
enhance the productivity of solar distillers of water, research-
ers all over the world have carried out work to define the fac-
tors which play a major role in solar distiller productivity and
efficiency and to find means to improve their productivity.
In this paper, the studies on performance of the solar stills are
reviewed. The methods such as using internal and external
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reflectors area of absorption, minimum water depth, water-
glass temperature difference, hot inlet water temperature, heat
storage, phase change materials, vacuum technology and oth-
er different designs in the solar still systems such as weir type
stills, multi effect distillation, thermoelectric cooling, inclined
type stills, ect. are focussed.

2 SOLAR STILL WITH AN INTEGRATED SOLAR
COLLECTOR

An experimental investigation on a solar still integrated with a
flat plate collector (FPCB) (Fig.1 ) was studied by Rajaseeniva-
san et al. [10]. It was found that, the FPCB still gives about 60%
higher distillate than the conventional still for the same opera-
tional conditions. Also, the result shows that the cost of distill-
ed water for the FPCB still is lower than that for the conven-
tional still.
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Fig. 1. Flat plate collector basin still — Sectional view [1] '

Panchal [11] Studied experimentally the effect of adding a va-
cuum tube collector to solar still with double -basin on prod-
uctivity. The result shows that the productivity of this system
was 56% higher than that of the conventional double basin
still.

Tiwari [12] analyzed the effect of double basin still with flat
plate collector to supply hot water in lower basin. It was found
that using of flat plate collector gives 50% higher productivity
than the conventional double basin still. Also higher produc-
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tivity observed when the collector was disconnected from the
still during off-sunshine hours to avoid heat losses through
the collector.

Yadav [13] and Yadav and Jha[14] analyzed the double basin
still with and without forced and natural circulation solar wa-
ter heater (Fig. 2). They concluded as performance of the sys-
tem with forced circulation was slightly better than and natu-
ral circulation. It is also suggested to use thermosiphon mode
in the places where electricity is not available
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Fig. 2. Schematic of a (a) solar still coupled to a collector in the thermosi-
phon mode and (b) Solar still coupled to a collector in the forced circula-
tion mode [13].

Dwivedi et al. [15] validated thermal modeling of adouble
slope still integrated with flat plate collector in such away that
the hot water from collector plate entersin to the basin under
natural circulation. The double slope active solar still under
natural modes gives 51% higher yield in comparison to the
double slope passive solar still. The thermal efficiency of
double slope active solar still is lower than the thermal effi-
ciency of double slope passive solar still. However, the effi-
ciency of double slope active solar still is higher than the effi-
ciency of double slope passive solar still.

3 SOLAR SILL WITH AN INTEGRATED REFLECTOR.

Anaka and Nakatake [16] studied the performance of a tilted
wick solar still with an inclined flat plate external reflector
(Fig. 3). Their results indicated that the productivity of a still
with an inclined reflector would be around 15% or 27% over
that with a vertical reflector when the reflector's length is a
half of or the same as the still's length.
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Fig. 3. Top external reflector with TWSS [16].
Tanaka (2009b) evaluated the effect of internal and external

reflectors on the productivity of basin type solar still. He con-
cluded that using still with reflectors increased the productivi-
ty by 70.-100%

Minasian et al. [17] experimentally investigated a new solar
desalination system. The modified desalination system con-
sists of a metallic cylindrical parabolic reflector. The reflector
was designed to concentrate incident solar radiation on the
black outside surface of a tray located on the focal line of the
reflector. The tray was lined with blackened wick,
representing the evaporative surface of the modified still (Fig.
4). The experimental results also show that the productivity of
this system was 25-35% higher than that of the conventional

basin type still.
Fig. 4. A basin solar still with cylindrical parabolic reflector [17].
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Abdul Jabbar et al. [18] experimentally investigated the prod-
uctivity of a basin type solar still with internal and external
reflector (fig 5). The inclination angle of reflector was varied
by 0°, 10°, 20°, and 30°. The still cover angle was varied by 20°,
30" and 40°. The results showed that the glass cover angle do
not affect on the productivity of the still with no reflectors. The
most productive solar still in winter is a stillwith a cover angle
of 20° and an internal and external reflector inclined at 20° and
its productivity will be around 2.45 times that of simple still
with no reflectors.
Fig. 5. A conventional solar still with IERs [18].

The performance parameters of the Stepped Solar Still (CtSS)

IJSER © 2017
http://www.ijser.org


http://www.ijser.org/
https://jrenewables.springeropen.com/articles/10.1186/s40807-015-0019-8#CR91

International Journal of Scientific & Engineering Research Volume 8, Issue 7, July-2017 21

ISSN 2229-5518

(F.g 6) and Conventional Solar Still (CSS) with and without IRs
were investigated experimentally by Omara et al. [19]. They
illustrated that the productivity of stepped solar still with and
without internal reflectors were improved by about 75% and
57%, respectively over conventional solar still.

Fig. 6. Stepped still with IRs [19].

4 SOLAR STILL WITH AN PHASE CHANGE MATERIALS

‘Many researchers investigated the methods to enhance the
productivity of the solar still. Energy Storage Material (ESM)
is one of the particles used by many researchers in their expe-
rimental [20-21]. Experimental evaluation of a single basin
solar still Energy Storage Material (ESM) was done by Naim et
al. [22]. The energy storage material is placed in tray in the
basin.

A specially formulated mixture consisting of an emulsion of
paraffin wax, paraffin oil and water to which aluminum turn-
ings are added to improve heat transfer is used effectively to
store heat in the daytime,and then give off its heat at night
time. The productivity was enhanced by 26%, 47% and 300%
respectively when the mixture of paraffin wax, paraffin oil
and water with added Al turnings were used.

Ho [23] investigated experimentally the active thermophysical
properties of PCM prepared by his team, including latent heat
of fusion, density, dynamic viscosity, and thermal conductivi-
ty. The experimental tests showed that there is a relative in-
crease in the dynamic viscosity of the paraffin containing alu-
mina particles.

Mettawee [24] carried out an experimental study to investigate
the influence of aluminium particles on melting and solidifica-
tion processes of paraffin used in a solar collector. The results
revealed that the time required for charging and discharging
operations could be reduced substantially by adding the alu-
minium particles. Hence, the mean daily efficiency of the solar
collector with composite PCM was much higher than that of
with pure paraffin.

Diaconu et al. [25] conducted an experimental work to deter-
mine the heat transfer and enthalpy change characteristics of

the new PCM. The study assessed the suitability of used PCM
for integration into a low-temperature heat storage (cold sto-
rage) system for solar air conditioning applications. The re-
sults showed that the phase change intervals displayed higher
values of natural heat transfer coefficient compared to water.
It can rise to five times depending on temperature conditions.
The optimum temperature range for heat storage overlapped
on a temperature interval with high values of the natural con-
vection heat transfer coefficient.

Miqdam et al [26] investigated experimentally the perfor-
mance of phase change material storage for use with a conven-
tional solar still with an integrated concentrating solar collec-
tor (fig 55). Results showed that the solar still working time
increased to 3 h when Paraffin wax added without solar col-
lector. Also, the solar collector efficiency increased by about
50% and the system heating efficiency increased by about 41%.
Moreover, the system productivity increased by about 180%.

5 SOLAR STILL WITH NANO PARTICLES

Gnanadasan et al. [27] have fabricated a single slope solar still.
They performed experiments by adding carbon nanotubes in
copper basin. They concluded that using nanoparticles in-
creased the productivity by

50%.

Sindal et al. [28-29] has uses Zinc Oxide (ZnO) and Copper
oxides (CuO) nanoparticles as photo catalyst and concluded
that productivity as well as quality of the raw water increases
to remarkable extent.

Panitapu et al. [30] investigated experimentally the effect of
adding Titanium Oxide (Titania, TiO,;) Nanoparticles in basin
water of still and studied the variations of water temperature,
vapour temperature, glass inside and outside temperature
during sunshine. They concluded that using nanoparticles
increased the productivity by 40%.

Kabeel et al. [31] studied experimentally the effect of adding
Aluminum Oxide (AI203) on productivity of solar still. They
observed that adding AI203 increases the productivity by
76%.

Guptaa et al. [32] studied experimentally the effects of adding
nanoparticles Copper oxides (CuO) in single slope solar still
with white painted side walls. They concluded that using CuO
nanoparticles increased the distilled productivity by is 22.4%
higher than conventional still at water depth of 5cm while 30%
higher at water depth of 10cm

6 SOLAR STILL WITH VARIOUS DESIGNS

T. Arunkumar et al. [33] experimentally investigated the
productivity of a solar still with seven solar still designs such
as spherical solar still (see fig 7), pyramid solar still (see fig 8),
hemispherical solar still(see fig 9), double basin glass solar
still, concentrator coupled single slope solar still, tubular solar
still and tubular solar. The results showed that the tubular
solar still coupled pyramid solar still shows the maximum
amount of productivity due to the concentrator effect. The
productivity of the solar still entirely depends on the climatic
parameters as well as increasing the water temperature. This
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leads to raise the evaporative and convective heat transfer
coefficients in the solar still. The concentrator effect plays a
vital role to increase the water temperature up to 95°C com-
pared to the other types of designs. So evaporative heat trans-
fer is more for tubular solar still, and it is showing the maxi-
mum amount of yield.

Fig. 7: Pictorial view of Spherical Solar Still [33]

Fig. 9: Pictorial view of hemispherical solar still [33].

e
emispherical Top Cover

% =
”. s

Wissam et al. [34-35] carried out an experimental study to im-
prove the productivity of the conventional solar still. This
done by modifying conventional still in a way that the distill-
ed basin is larger than distillation basin, thus providing an
increase in the condensation surface and speeding up the con-
densation process. Moreover, increase in the dimensions of the
distilled base helps coupling reflective panels to the distilled
base to reflect incident solar radiation to the distillation basin
(see fig 10). Experimental results showed that the modified
still gives about 18%-24% higher distillate than the conven-
tional still for the same basin condition.
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Fig. 10: Schematic diagram of the double-basin glass solar still [34]

An experimental study of Inverted Absorber Solar Still (IASS)
was carriedout by Devetal. [36]. The schematic diagram of
inverted absorber solar still is shown in Fig. 11. An inverted
absorber solar still with acurved reflector under the basin of
solar still was used to heat the basin from its bottom surface
also.The result shows that the maximum optimized water
depth can be taken as 0.03 m for the IASS at which the addi-
tion of reflector under the basin does not affect its perfor-
mance considerably in comparison to that of the single slope
solar still.
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Fig. 11: Invertedabsorber solar still [36].
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CONCLUSION

In this paper, a review is made on the various methods im-
proving the productivity of the solar still systems. The studies
on the methods improving productivity such as using solar
collector, internal and exterinal reflectors, nanoparticles, and
phase change materials are discussed here. The methods used
in the past years to improve the performance of the different
designs of active and passive solar stills werere viewed in this
paper. The essential points are high lighted below.

Using of of internal and external reflectors increases the
yield more than 50% the conventional solae still

Initial heating of the feed water to the still basin by solar
collector shows a considerable improvement in the per-
formance.

The solar stills with phase change materials and heat sto-
rage medium phase change materials can plays a vital role
in increasing the productivity through produce water dis-
tillate during night hours and thereby, enhance the total
productivity.

Adding different nanoparticles mateial in basin water of
still is the main parameter that affects the productivity of
the still.

Different designs in the solar still systems such as spherical
solar still, pyramid solar still, hemispherical solar still,
double basin glass solar still, concentrator coupled single
slope solar still, tubular solar still and tubular solar en-
hanced the productivity.

REFERENCES

(1]

(2]

3]

4]

5]

(6]

(8]

Karrar H. Fahim, Ekhlas M. Alfayydh, Hayder A. Dhahad, Effect of Geometric
Design of the Flow Fields Plat on the Performance of A PEM Fuel Cell. A Re-
view, World Research & Innovation Convention on Engineering & Technolo-
gy 2016, Langkawi, Kedah, Malaysia, 24-25 October 2016

Hayder A. Dhahad, Kamal Ch. Khalil, The Effect Of Isolated Air Mass And
Fuel/ Air Ratio On The Efficiency Of Isolated Combustion And Diluted Ex-
pannsion ( Icade ) I. C. Engine Cycle, Asme International Mechanical Engi-
neering Congress And Exposition Octobar 31- November 6,2008 Boston Mas-
sachusetts

Hayder A. Dhahad, Mohammed A. Abdulhadi, Ekhlas M. Alfayyad, T. Me-
garitis, Experimental Combustion Characteristics, Nanoparticles and Soot-
NOx trade off in a Common-Rail HSDI Diesel Engine running on ULSD and
HFO, World Research & Innovation Convention on Engineering & Technol-
ogy 2014, Putrajaya, Malaysia, 25-26 November 2014.

Suha A. Mohammed, The Effect of Changing The Shape of An Absorber Plate
on The Temperature Distribution of The Storage Solar Collector, Engineering
& Technology Journal, Vol. 29, No. 5, pp. 241-250, 2011.

Suha A. Mohammed, Experimental Study Of Improving the Thermal Storage
for A Prism Shaped Storage Solar Collector with Right Triangular Cross Sec-
tion, Thi_Qar University Journal for Engineering Sciences, 2014.

Suha A. Mohammed, An Experimental Study on Improving the Thermal
Storage of ICWS, International Journal of Scientific & Engineering Research,
Volume 5, Issue 9, September-2014

Wissam H. Alawee, A simple Design Solar Water Heater, Al-Tagani Journal
21 (4),27-38.

Wissam H. Alawee, Improve the productivity of single effect double slope
solar still by simple modification, Journal of Engineering 21 (8), 50 - 60

IJSER © 2017

&l

(10]

(1]

(12]
(13]
(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(2]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

Wissam. H. Alaweea, Hayder A. Dahada, Thamer. A. Mohamed, an Exper
mental Study on Improving the Performance of a Double Slope Solar Still, The
7th International Conference on Sustainable Agriculture for Food, Energy and Industry
in Regional and Global Context, Malaysia, 2015

T. Rajaseenivasan, P.N. Raja, K. Srithar, An experimental investigation on a
solar still with an integrated flat plate collector, Desalination 347 (2014) 131~
137.

H.N. Panchal, Enhancement of distillate output of double basin solar still with
vacuum tubes, J. King Saud  Univ. Sci.  (2013),
http:/ /dx.doi.org/10.1016/jjksues. 2013.06.007.

Tiwari GN. Enhancement of dally yield in a double basin solar still. Energy
Conversion and Management 1985;25(1):49-50.

Yadav YP. Transient analysis of double-basin solar still integrated with
collector. Desalination 1989;71:151-64.

Yadav YP, Jha K. A double-basin solar still coupled to a collector and
operating in the thermosiphon mode. Energy 1989;14(10):653-9.

Dwivedi, VK, Tiwari, GN. Experimental validation of thermal model of
adouble slope active solar still under natural circulation mode. Desalination
2010; 250 (1) :49-55.

Tanaka H, Nakatake Y. Increase in distillate productivity by inclining the flat
plate external reflector of a tilted-wick solar still in winter. Sol Energy 2009;
83:785-9.

Minasian AN, Al-Karaghouli AA, Habeeb SK. Utilization of a cylindrical
parabolic reflector for desalination of saline water. Energy Convers Manag
1997;38:701.

Abdul Jabbar N. Khalifa, Hussein Alb rahim, Effect of inclination of the exter-
nal reflector of simple solar still in winter, an experimental investigation for
different coverangles.Desalination 2010;264(1-2):129-33

Omara ZM, Kabeel AE, Abdullah AS, Essa FA, Experimental investigation of
corrugated absorber solar still with wick and reflectors. Desalination 2016;
381:111-6.

Seeniraj RV, Velraj R and Narasimhan L N, Heat transfer enhancement study
of a LHTS unit containing high conductivity particles, J. Sol. Energy Eng,, vol.
124, pp: 243-249, 2008.

Jegadheeswaran S and Pohekar S D, Performance enhancement in latent heat
thermal storage system: a review, Renewable and Sustainable Energy Rev.,
vol. 13, pp: 2225-2244, 2009.

Naim Mona M, Abd ElKawi Mervat A., Non-conventional solar stills Part2.
Non conventional solar stills with energy storage element. Desalination 2003;
153(1-3):71-80.

Ho CJ and Gao T'Y, Preparation and thermophysical properties of nanopar-

Eng.

ticles-in-paraffin emulsion as phase change material, International Communi-
cations in Heat and Mass Transfer, vol. 36, pp: 467-470, 2009.

Eman-Bellah S. Mettaweea, Ghazy M.R. Assassa Experimental study of a
compact PCM solar collector, Energy 31 (2006) 2958-2968.

B.M. Diaconu, S. Varga, A.C. Olivieira, Experimental assessment of heat sto-
rage properties and heat transfer characteristics of phase change material slur-
1y for air conditioning applications, App. Energy 87 (2010) 620-628.

Migdam T. Chaichan a, Hussein A. Kazem, Water solar distiller productivity
enhancement using concentrating solar water heater and phase change ma-
terial (PCM), Case Studies in Thermal Engineering 5 (2015) 151-159
Gnanadason M. Koilraj, Kumar P. Senthil, G.Jemilda, Jasper SSherin. Effect of
nanofluids in a modified vacuum single basin solar still. International Journal
of Scientific & Engineering Research 2012; 3(1): 1-7.

Sindal Manisha, Singh Narendra, Sharma Ajay. Solar Desalination Using Zinc
Oxide as Photocatalyst. Journal of Chemical, Biological and Physical Sciences
2013; 3(2):958-62.

Sindal Manisha, Singh Narendra, Sharma Ajay. Use of Cupric Oxide as Pho-
tocatalyst in Solar Desalination. International Journal of Green and Herbal

http://www.ijser.org


http://www.ijser.org/
https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=8&cad=rja&uact=8&ved=0ahUKEwietqS12MTUAhWDJJoKHUWcDY8QFgg6MAc&url=http%3A%2F%2Fiasj.net%2Fiasj%3Ffunc%3Dissues%26jId%3D112%26uiLanguage%3Dar&usg=AFQjCNE_4a1UxzxgEJgdTLBkkKIaOLSKxw
https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=8&cad=rja&uact=8&ved=0ahUKEwietqS12MTUAhWDJJoKHUWcDY8QFgg6MAc&url=http%3A%2F%2Fiasj.net%2Fiasj%3Ffunc%3Dissues%26jId%3D112%26uiLanguage%3Dar&usg=AFQjCNE_4a1UxzxgEJgdTLBkkKIaOLSKxw
https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=8&cad=rja&uact=8&ved=0ahUKEwietqS12MTUAhWDJJoKHUWcDY8QFgg6MAc&url=http%3A%2F%2Fiasj.net%2Fiasj%3Ffunc%3Dissues%26jId%3D112%26uiLanguage%3Dar&usg=AFQjCNE_4a1UxzxgEJgdTLBkkKIaOLSKxw
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Erjes1EAAAAJ&citation_for_view=Erjes1EAAAAJ:u5HHmVD_uO8C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Erjes1EAAAAJ&citation_for_view=Erjes1EAAAAJ:zYLM7Y9cAGgC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Erjes1EAAAAJ&citation_for_view=Erjes1EAAAAJ:zYLM7Y9cAGgC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Erjes1EAAAAJ&citation_for_view=Erjes1EAAAAJ:zYLM7Y9cAGgC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Erjes1EAAAAJ&citation_for_view=Erjes1EAAAAJ:Tyk-4Ss8FVUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Erjes1EAAAAJ&citation_for_view=Erjes1EAAAAJ:Tyk-4Ss8FVUC
http://dx.doi.org/10.1016/j.jksues

International Journal of Scientific & Engineering Research Volume 8, Issue 7, July-2017

ISSN 2229-5518
Chemistry 2013; 2(2):203-07.

[30] Panitapu Bhramara, Koneru Vijaya, Sagi Sri Lalitha Swathi, Parik Ajay. Solar
Distillation Using Nano-Material. International Journal of Scientific Engineer-
ing and Technology 2014; 3(5):583-87.

[31] Kabeel A.E.,, Omara Z.M,, Essa F.A. Enhancement of modified solar still inte-
grated with external condenser using nano-fluids: An experimental approach.
Energy Conversion and Management 2014; 78:493-98.

[32] Dr. Bhupendra Guptaa, Prem Shankara, Raghvendra Sharmaa, Dr. Prashant
Baredar, Performance Enhancement using Nano Particles in Modified Passive
Solar Still, Procedia Technology 25 (2016 ) 1209 - 1216.

[33] T.Arunkumar, K. Vinothkumar, Amimul Ahsan, R. Jayaprakash, and Sanjay
Kumar, Experimental Study on Various Solar Still Designs, ISRN Renewable
Energy Volume 2012, Article ID 569381, 10 pages, doi:10.5402/2012 /569381

[34] Wissam H. Alawee, improving the productivity of single effect double slope
solar still by simple modification, Journal of Engineering No. 8, Volume 21
August 2015.

[35] Wissam. H. Alaweea, Hayder A. Dahada, Thamer. A. Mohamed, an Exper
mental Study on Improving the Performance of a Double Slope Solar Still, The
Tth International Conference on Sustainable Agriculture for Food, Energy and Industry
in Regional and Global Context, Malaysia, 2015

[36] Dev Rahul, SabahAAbdul-Wahab,Tiwari GN.Performance study of the
inverted absorber solar still with water depth and total dissolved solid, Ap-
plied Energy 2011;88:252-64.

IJSER © 2017
http://www.ijser.org


http://www.ijser.org/
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Erjes1EAAAAJ&citation_for_view=Erjes1EAAAAJ:Tyk-4Ss8FVUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Erjes1EAAAAJ&citation_for_view=Erjes1EAAAAJ:Tyk-4Ss8FVUC

	1 Introduction
	2 Solar still with an integrated solar  collector
	3 Solar sill with an integrated reflector.
	4 Solar still with an Phase Change Materials
	5 Solar still with Nano Particles
	6 solar still with Various Designs
	Conclusion
	References



