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Abstract

Application of solar energy to purify the watsradvancing rapidly since it is an attractive @légive because of its simple
technology; non-requirement of skilled labor forinmt@nance work, low energy consumption and no fsetequired for
operating such water purification unit. This papleals with the performance evaluation of the selater purification at
Mechanical Engineering Department MMMUT Gorakhpimdia. To perform this experiment, parabolic trougfhfixed rim
angle and length is considered. Based upon rimeaagt length other pertinent parameters are caééchland selection of
materials for fabrication of the unit is done. Afteat solar water purifier unit is fabricated. Téwar parabolic collector utilizes
the concentrating solar power technology to comegéaithe solar insolation. The performance of paliatirough is evaluated
by considering the effect of glass cover on theceotrator. Various results are plotted betweertéhgerature of the fluid and
time keeping other parameters held fixed. Furtheomparative study is performed for solar wateifipation unit with and
without glass cover. The purity of water is meadurvased on its pH value and total dissolved sdlidS).

Keywords: Solar energy, concentrating solar power, solar m@iefier, total dissolved solid, pH

DOI: http://dx.doi.org/10.4314/ijest.v13i1.5S

Citethisarticleas:
Srivastava K., Saini P. 2021. Performance evaloaifesolar parabolic trough driven water purificatisystem|nternational Journal of Engineering, Science and
Technology, Vol. 13, No. 1, pp. 32-38. doi: 10.4314/ijest.iil3S

Received: December 1, 2019; Accepted: Februar@®l 2Final acceptance in revised form: March 32120

This paper was earlier presented at the InternatiGonference on Energy, Environment & MaterialeBices (ICE2M), 1-3 December 2019 and substantially
improved for this Special Issue. Guest Editor: Bri Niwas Singh, Professor (HAG), Department ofciieal Engineering, Indian Institute of Technology
Kanpur, 208016 (U.P.) India, former Vice-Chanceldadan Mohan Malviya University of Technolo@orakhpur (April 2017 to July 2020).

1. Introduction

Solar energy is a renewable energy that is mioghdant, inexhaustible and universal source ofggné&olar insolation drives
all-natural cycles and processes such as rain,,wimotosynthesis, ocean currents and several otftéch are important for life.
The provision of pure and clean water is becomingirereasingly important concern in many parts led tvorld. Water is
considered among one of the most abundant resooncearth, covering approximately three fourththefearth's surface.

97% of water present on the earth is saline inreatat is present in the oceans and rest 3%tb&itmay be considered fresh
water is present at poles that is in the form ef lcakes and rivers satisfy most of needs of huamhanimal. Among this 3% of
fresh water approximately 70% of them is in thexfasf snow caps, glaciers and ice. And rest th§8@86) of all fresh water is
available as a deep underground water. The ud@sofreshwater in a sustainable manner is main@wnfor human beings. Fast
growing population leads for continuous increasaded and demand for fresh and pure drinking wates leads to scarcity of
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fresh water and decrease in level of water tablmamy parts of world. This trouble is mainly duenimn-rational use of water
resource by human beings. Many areas in Indiadduege fresh-water shortage because of the unglaneehanism and various
types of pollution generated by human activities.

Key points to choose the problem.

1) Solar power that is the energy from the surcédréendly that is it causes no harm to environmenike other fossil fuels & it
provides a sustainable way of energy productionuitidation.

2) Solar water treatment can proof particularly mibeneficial for rural communities, as they lackoiher systems or other
forms of water distillation infrastructure and mamgortantly, the power that is electricity to rsuch purification infrastructures.

3) The most positive and promising feature aboldrsassisted water purification techniques are thatrequirement of fuel is
fulfilled by the energy obtained from the sun.

4) It is basically due to the lack of fuel that ralapplications of solar energy relatively supetti@n other conventional energy
sources as it does not cause pollution (ozone tiepjalobal warming, acid rain,) or other healtdzards that is associated with
pollution.

5) Solar water purifiers generally do not requing enoving parts so we can say that it may havedolifg span.

6) Solar water purifier is generally an effectivikemative for treatment of contaminated water whérel or electric are
unavailable or prohibitively expensive.

7) Maintenance of such type of water purifier soahegligible.

8) Water wastage can also be minimized by using #nfcastructure. In many purification techniquesre is huge wastage of
water and most of the input water flows out withany use.

Many distillation techniques were developed thdizets the solar energy to run the purifying udiybar et al. (2005) studied an
inclined solar water distillation system by testimgder actual environmental conditions of North€gprus. The result shows that
the fresh-water generation rate increased two teettimes when wicks were used instead of a bate.pDuffet al. (2005)
designed and tested a passive solar water past@onzsystem working on density difference flowngiples. The system contains
no valves and flow was regulates on the basis ofite difference between two columns of water. Bdaand Tiwari (2006)
experimentally analyzed the double effect still gied along with a parabolic concentrator. They ol wastage of heat from
upper basin resulting in decrement of total yie&t pour. They concluded that maintaining glass caemperature is crucial
factor. Nafeyet al. (2007) have done experimenetastudy on a flat plate solar collector of capacot about 1.04 to 1.45
kg/m’per day. A mathematical model was developed to @athe productivity of the system.

Compain et al. (2012) has studied solar energwider desalination. The work suggested differehitims for the commonly
used solar energy production technology to be cdilvipawith desalination. The main objective of twerk was to assess the
profitability and feasibility of the replacement &iel-based energy for desalination plants by rextde energy. Blanco et
al.(2012) performed experiment on parabolic throaghector with capacity of 3.5 #u. They used different processes such as
MED, MSF, RO together with PTC. Their study was mhabased on an economic evaluation and thermodiynelmaracterization
of various configurations for coupling paraboliadahgh with desalination facilities. Li et al. (20Q1deviewed different solar
desalination research activities followed by disims of various solar assisted desalination presesshey have mentioned
various solar water distillation techniques. Peteral. (2014) have worked on a solar water treatnsystem for remote
applications. A continuous feed water treatmentlifpowith low cost has been developed. The fagilittilizes solar (UVA)
insolation for the treatment of pathogens. Rizwamle (2014) has experimentally analyzed the pdratimugh for the water
distillation and has analyzed two cases by vartfiregheight of the inlet with respect to parabalaugh base. Phalak et al. (2017)
have proposed model of solar RO water purifier sipgi solar PV cell for remote application.

As per the literature review, it is found that g@ar stills cannot be used effectively for domesgtirposes since it requires a
large area and its efficiency is also low. The oSRO technology and various other technologie$ sascmulti-effect distillation,
multi flash distillation etc. requires large inltimvestments. It has been observed that theraeige lwastage of water in reverse
osmosis process. Taking these problems into acabismbbserved that the possible solution for fkiso use concentrated solar
power as it gave better efficiency for the desipenipose and wastage of water is also less as cenhgarother distillation
processes.

The main motivation for this work is the fact thetlar water purifier generally an effective altdive for treatment
ofcontaminated water where fuel or electric arewvailable or prohibitively expensive. Solar wateeatment can proof
particularly much beneficial for rural communities they lack in other systems or other forms dewdistillation infrastructure
and more importantly, the power that is electri¢@yrun such purification infrastructures. Waterstege can also be minimized
by using such infrastructure. In many purificatiechniques there is huge wastage of water and ofidse input water flows out

without any use
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2. Proposed System Description

Parabolic trough collector that comes under thegmaty of line focusing collectors is often usedconcentration collectors.
Solar radiation coming from the particular direntis collected over the area of the reflecting aeefand is focused along the
line. The north-south orientation of the refledtmugh permits more solar energy to be focused tham®ast west arrangement

2.1 Material selection and calculation of the parameters

To perform this experimentation the parabolaugh of fixed rim angle and length was consideBased on this rim angle and
length the various other parameters such as apeatunl focal length are calculated and selectiomaoibus materials for the
fabrication of the unit was done. The various patems of the purification unit calculated are shawmable 1. The parabolic
structure is made with the galvanized iron shedhiwkness 0.6mm.The reflecting part is fixed ois structure. It consists of a
cylindrical parabolic reflector and a metal tubegiger at its focal plane.

The aperture diameter, rim angle, the absorberaizkshape is used to define the concentratore®efs may be aluminum
sheet, aluminized Mylar sheet or curved silver gl&ince it is difficult to curve a large glasgjralnum sheet was used in the
shape of the parabolic cylinder. The reflectivifyabuminum is 0.92.The conductivity of aluminum2ia5 W/mK. The thickness of
aluminum sheet is taken as 0.5mm.The receiver sorlbr tube absorbs the incoming solar insolatiwhteansforms them into
thermal energy. This thermal energy is given tofline that is flowing into the tube. The absorlbaioe may be made of mild steel
or copper and is coated with a heat resistant bpedht. It was painted with black paint to incredise absorption of heat. The
conductivity of the copper is higher than steet ikavhy here copper tube is used. The absorptofityopper is 0.4. The thermal
conductivity of copper is 384W/mK. Glass cover engrally used to trap the heat within the parabotitector. Glass cover
minimizes the heat loss by convection through sysiad thus improves the transfer of heat from diesaiube to water (working
fluid). The conductivity of glass is 0.75W/mK. Ittaas a heat trap.The PVC pipes and couplingssa® to connect the inlet and
outlet tank at both ends of the parabola. Tanksaphcity of 5 liters are taken. Two stopper valwese used both at the inlet and
outlet section in order to control the flow of thater through pipes.

2.2Working

The principle on which this system works is ttie solar insolation coming from the particularedtion is collected over the
area of the parabolic collector having reflectingface and then the entire radiation is focusedalthe line of the trough.
Cylindrical parabolic concentrators have the absotbbe at its focal axis. The absorber or theiveceas tubular in form and the
fluid flows in this tube only. In order to get thetimum result the solar parabolic collector id®steered along sun’s direction.
An inlet tank of 5 liters capacity has been takiafet was taken from a tank at a height of 1m fribra base of the parabolic
trough. A PVC pipe was used to connect the tankialed of the parabolic trough. At the inlet a shsdction of transparent pipe
was used. To measure the mass flow rate, stop altre outlet was open by small amount. At thdebat one liter beaker was
placed. The time in which the 1 liter beaker wilediwas taken. Mass flow rate was found to bet/hi6lAfter the calculation of
the mass flow rate, it was observed that the cmmditwere good for testing. Initial temperaturenatter in the tank was tested. It
was 28°C. Testing was started at a local time aM@A emperature of water was measured after eveeytmur intervals. The
stop valve at the inlet tank was open and the copyle was filled up to a certain level. The lewgls decided such that at the
outlet section the stop valve was half opened ab d¢hly vapor comes out of it. The vapor was cosddrand collected in the
outlet. Then the pH testing and TDS testing ofwtla¢er was done.

The efficiency for the parabolic trough can be gkited by using the formula (Ground Water Year Bdokia 2013-14)

_Q
n=1a (1)

where Q is the heat gained by the liquid given by
Q=mxc,x(T; =T) (2)

| is the solar insolation (W/frand A is the area of the collector3jmMass flow rate (m) was found to bel.5ltr/hr. Teading
are taken with the glass cover and other withoeitglass cover.
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Figure 1. Flow diagram of set-up

Figure 2. Experimental set-up
3. Resultsand Discussion
After performing the experiment at particular weatbonditions, following results are obtained whick discussed below.

3.1 Cylindrical parabolic trough with glass cover
In case 1 the cylindrical parabolic trough is tdsie the particular weather condition and the dffeicthe glass cover was
observed. The temperature of the water in the systas recorded with the help of thermocouple farg\d hour.
Weather condition: Dry weather.
Initial temperature for water: 28 °C around 9 a&T.
Maximum observed temperature of water: 95 °C ardupdn.IST.
As it can be clearly seen from figure 3 that thexiimaim temperature of the fluid obtained was 95 f@raund 1 p.m. IST.
The maximum solar insolation observed was 711 ¥naround 1 p.m.IST.
The efficiency of the parabolic trough with thesgaover was found to be 63.79%.
The Final pH of water was found between 7-7.5ahiliotal Dissolved Solid(TDS) of water was foundb® 330ppm and final
Total Dissolved Solid of water was found to be 300p

3.2 Cylindrical parabolic trough (without glass cover)

In case 2 the cylindrical parabolic trough istéel without the glass cover. The temperaturb®fsater was recorded for every
1 hour with the help of thermocouple. Initial temgeire during observation: 28 °C around 9 a.m. Ig@ximum temperature was
observed to be 66 °C around 1 P.M. IST. The infildlof water was found to be 7-7.5. It is cleamirthe figure 4 the maximum
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temperature of the water was reaches up to 66 %Coaind 2 p.m. IST.Maximum solar insolation wasnibuo be 735W/Rat
around 2 p.m.IST. The efficiency of the parabohough without the glass cover was found to be 39.8%s reduction in
efficiency is due to energy loss from the conceatta=inal TDS of water was found to be 310ppmi.tAsn be seen in the figure
5, the maximum temperature attained by the fluithenparabolic trough when glass cover is usegpsaximately 95 °C. And the
maximum temperature attained by the fluid is 66Mftt&n glass cover is not using. From the above emperatures, it is clear
that glass traps the heat inside it and helpstaingatg the much higher temperature.

----- 4+ Ambient temperature( °C)
—&— Temperature of water( °C)
----- Solar Insolation(W/m?)

100

Temperature (°C)

SolarInsolation (W/nr’)

9 11 13 15 17
Indian Standard Time (hours)

Figure 3. Temperature variation and solar insolation witheti
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Figure 4. Temperature variation and solar insolation witheti
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Figure5. Temperature of fluid with glass cover and withglass cover
4, Conclusions

Current work dealt with water purification usingarabolic trough collector experimentally. The systwas constructed and
evaluated for its efficiency. Based on results iata following conclusions can be drawn:

0 The maximum temperature recorded in cylindricalapatic trough with glass cover was 95°C and the imam
temperature recorded in cylindrical parabolic ttougthout glass cover was 66 °C.

o It may be concluded from above that the efficien€yhe cylindrical parabolic trough with glass cowveas 63.79% and
that without glass cover was 39.4%. That meangkiss cover was effective in trapping the solaolatson inside the
parabolic trough.

o0 There was no considerable change found in pH valluke water after the condensation. The pH vatmeained in the
range of 7-7.5. Thus, we can conclude that thesight effect of temperature change on the pH tvisan be neglected.

0 The total dissolved solid was reduced from 330 pprB00 ppm in case of cylindrical parabolic troumith glass cover
and in case of parabolic trough without glass cavesduced from330 ppm to 310ppm.

0 This solar water purification system can prove édoeneficial for the people of rural areas as aist effective, requires
little maintenance and can be frequently used tqgee drinking water where the infrastructure o such systems are
absent.
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