International Journal of Recent Engineering Research and Development (IJRERD)
ISSN: 2455-8761
www.ijrerd.com || Volume 02 — Issue 07 || July 2017 || PP. 109-114

Experimental study of the effect of sun tracking system on the
productivity of solar still

Sharwan Kumar Sharma', Satyapal®, Jagdeep Kumar®
'Sobhasaria Engineering College,
Sikar, Rajasthan, India
“Sobhasaria Engineering College,
Sikar, Rajasthan, India
®Sobhasaria Engineering College,
Sikar, Rajasthan, India

Abstract: This paper presents evaluation of performance of solar still with sun tracking system. In this paper,
experimental investigations were carried out on basin type solar still with solar tracking system. The importance
of employed solar tracking in solar still is, to increase the quantity of solar incident radiation throughout the day,
to increase overall distilled output of the solar still. An automatic solar tracking system employed, to track
maximum possible solar radiation by rotating solar still with the rotation of the sun. Experimental results were
carried out between the hours of 8:00 to 6:00 pm for a period of 10 days. The result clearly shows that the
greater distilled found between 12:00 pm to 3:00 pm in a day. It was observed that the distilled of basin type
solar still (tracked) is about 650 ml/day as compared to solar still (fixed) 420ml/day with increase in overall
efficiency from 42.92 % to 63.55 %.
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1. Introduction
Water is a precious natural gift and is being polluted by human activities, urbanization and
industrialization. The ground water is often over exploited to meet the increasing demand of the people. Less
than 1% of earth water is available for human consumption and more than 1.2 billion people still have no access
to safe drinking water. Over 50% of the world population is estimated to be residing in urban areas, and almost
50% of mega cities having population over 10 million are heavily dependent on ground water, especially in the
developing countries like India[1].

2. Principle of Solar Still

Solar still is the one of the instrument which is generally used to convert the brackish water in to
drinkable water. In solar still due to heating of water it undergoes phase change and vaporization is occurred
then, vapour rises and comes into cooler transparent, inclined surface and here vapour once again undergoes
phase change. The water then condensed and runs in to collection channel. The main factor for condensation
process in solar still is difference between glass temperature and water temperature as the difference is more the
speed of condensation is increases [2].
Thermal/Overall Efficiency (1) in %
= Water output x Latent heat of evaporation of water x 100
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3. Experimental setup

3.1 Solar still

It consists of basin liner which is the major part of solar still. It absorbs incident solar radiations that
are transmitted through the glass cover. The outer of the solar still is made of plywood of 8 mm thickness and it
has an area of 0.500 m x 0.375 m. Basin liner is made of Gl sheet of 1mm thickness and it has an area of 0.465
m x 0.325 m with vertical side height of 0.045 m. The heat losses from bottom and side walls of solar still are
prevented by using Thermocol of 10 mm thickness and plywood. Condensing cover of solar still is made of
glass of 5 mm thickness and it is placed on vertical walls of solar still at an inclination of 16°. The condensed
water gets collected in a distillate channel. A plastic pipe is connected to distillate channel to drain distillate
water to measuring jar and a drainage pipe is connected to remove wastes inside the solar still. Double sided
tapes are provided between glass cover and vertical walls to prevent heat loss and support. Thermocouples are
fixed in to the solar still to measure basin, glass and water temperature and these thermocouples are connected to
a digital temperature indicator to indicate the reading. Solar meter is used to measure incident solar radiations.

3.2 Sun tracking system

Sun is the oldest primary source of energy. It is clean, renewable and abundant in every part of the
world. Almost all energies are derived from solar energy. Sun tracking system is designed to track solar azimuth
angle on a single axis or to track the solar azimuth and zenith angles on two axes. The east-west of the tracker
will be called the “horizontal tracking” while the angular tracker will be referred as “vertical tracking”.

A solar tracker is basically a device on to which solar still is fitted which tracks the motion of the sun
across the sky ensuring that the maximum amount of sun radiation strikes the solar still throughout the day.
After finding the sunlight, the tracker will try to navigate through the path ensuring the best sun radiation
detected.

3.3 Measuring instruments
Many types of measurement instruments were used such as:
e Solar meter: To measure the total radiation.
e Measuring Jar: To collect the distillate water.
e Thermocouples: to measure temperature of many points in the still. The accuracy of this device is
in the range of 1°C.

4. Figures and Tables
Table 1: Observations of fixed still
Total Production: 420 ml

Time - - Tgmperatu_re (<) - Solar Intensity Distilled
(hr) Basin Still Inside | Still Outside | Glass Cover (W/m?) Output
T T Ts T4 (ml)
8:00 AM 26 25 29 30 910 0
9:00 AM 28 27 32 32 948 0
10:00 AM 41 41 34 44 1041 10
11:00 AM 55 53 35 49 1075 20
12:00 AM 63 62 37 53 1088 40
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1:00 PM 70 70 43 55 1098 110
2:00 PM 72 75 43 57 1059 170
3:00 PM 70 76 42 58 1024 270
4:00 PM 67 74 41 55 972 310
5:00 PM 65 71 39 53 951 340
6:00 PM 62 68 36 50 930 380
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Figure 1: Hourly variation of solar radiation (W/m?)
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Figure 2: Hourly variation of temperatures (°C)
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Figure 3: Hourly variation of distilled output (ml)
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Table 2: Observations of Sun tracked still

Total Production: 650 ml
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Figure 5: Hourly variation of temperatures (°C)

Temperature (°C)
Time . . . A . Solar Intensity |Distilled Output
(hr) Basin Still Inside Still Outside Glass Cover (Wim?) ml)
T T, T, T,
8:00 AM 30 34 27 32 970 0
9:00 AM 35 38 31 37 1009 10
10:00 AM 51 47 35 41 1082 30
11:00 AM 62 56 37 45 1102 70
12:00 AM 70 61 41 48 1106 160
1:00 PM 72 64 44 52 1105 240
2:00 PM 71 62 46 50 1096 330
3:00 PM 69 61 45 48 1086 400
4:00 PM 64 59 46 46 1012 460
5:00 PM 62 58 45 44 1000 490
6:00 PM 58 56 43 41 994 520
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Figure 4: Hourly variation of solar radiation (W/m?)
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Figure 6: Hourly variation of distilled output (ml)

5. Result analysis and conclusion

The experiments were conducted in the month of April, 2017 to get better result through experiments.
The experiments were performed for several days of the months. The readings of the various temperatures of the
still were recorded using thermo couple sensors and solar intensity was recorded by solar meter which are
shown in tabular form. Further, graphs of the solar intensities, various temperatures and distilled output with
respect to time were also shown. Along with this, the thermal efficiencies of the solar still without and with use
of sun tracking system were calculated. The efficiencies of solar still without using tracking system was 42.92 %
with distilled water output of 0.420 liters. Whereas with the use of tracking system in solar still, the efficiency
was found 63.55 % with distilled water output of 0.650 liters.
As we can see from the distilled water output results, every time with tracked system solar still production
increased with some amount compared to untracked (fixed) still. The distilled outputs of the whole day were
presented on the table.

References

[1] Syed Firozuddin, Dr. P.V. Walke “Thermal Performance on Single Basin Solar Still with Evacuated
Tubes Solar Collector-A review” International Journal of Modern Engineering Research (IJMER),
ISSN: 2249-6645, VVol.3, Issue.2, pp-1022-1025, March-April. 2013.

[2] Prof. Nilam kumar S Patel, Prof. Reepen R Shah, Mr. Nisarg M Patel, Prof .J.K.Shah, Mr. Sharvil B
Bhatt “Effect of various parameters on different types of solar still: Case Study” International Journal
of Innovative Research in Science, Engineering and Technology, Vol. 2, Issue 5, May 2013.

[3] Dinesh Kumar, Patel Himanshu, Zameer Ahmad ~ “Performance Analysis of Single Slope Solar Still”
International Journal of Emerging Technology and Advanced Engineering, ISSN 2250-2459, Volume
3, Issue 3, March 2013

[4] Rohit Agarwal “Concept of Mechanical Solar Tracking System” IOSR Journal of Mechanical and
Civil Engineering, e-1SSN: 2278-1684, p-ISSN: 2320-334, pp. 24-27, 2014.
[5] Pankaj Kalita, Anupam Dewan, Sangeeta Borah “A review on recent developments in solar distillation

units” presented at Indian Academy of Sciences, Vol. 41, No. 2, pp. 203-223,February 2016.

[6] J. D. Obayemi, F. O. Anafi, S. T. Azeko, E. K. Arthur, D. Yiporo “Design and Fabrication of a Single
Slope Solar Still with Variable Collector Angle” International Journal of Scientific & Engineering
Research, ISSN 2229-5518,Volume 5, Issue 1,P-1523, January 2014.

[71 Edeoja, Alex Okibe , Unom, Fadoo “ Investigation of the Effect of Angle of Cover Inclination on the
Yield Of A Single Basin Solar Still Under Makurdi Climate” The International Journal Of Engineering
And Science (1JES), ISSN: 2319 — 1813 ,Volume-2 ,Pages 131-138,2013.

[8] Gagari Deb ,Arijit Bardhan Roy “Use of Solar Tracking System for Extracting Solar Energy”
International Journal of Computer and Electrical Engineering, Vol.4, No.1, February 2012.

[9] Harendra Singh, Prashant Mishra ,Neeru Goyal , Prashant Kumar Tayal “an innovative low cost solar
tracker” International Journal of advanced technology in Engineering & Science, ISSN 2348-7550,Vol.
No.4,1ssue No. 09,September 2016.

[10] Tiberiu Tudorache, Liviu Kreindler “Design of a Solar Tracker System for PV Power Plants” Techno
soft, 266-268 , Vol. 7, No. 1, 2010.

113|Page www.ijrerd.com



International Journal of Recent Engineering Research and Development (IJRERD)
ISSN: 2455-8761
www.ijrerd.com || Volume 02 — Issue 07 || July 2017 || PP. 109-114

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

Khyati Vyas, Dr. Sudhir Jain “Development of Automatic PV Power Pack Servo Based Single Axis
Solar Tracking System” IOSR Journal of Electrical and Electronics Engineering (IOSR-JEEE), e-
ISSN: 2278-1676, p-ISSN: 2320-3331, Volume 10, Issue 1Ver. I, pp 07-10, Jan—Feb. 2015.
Mohd Zaheen Khan,I. Nawaz “Analysis and Modelling of Single Slope Solar Still at Different Water
Depth”, Journal of Energy Technologies and Policy, ISSN 2224-3232 (Paper) ISSN 2225-0573
(Online), Vol.6, No.9, 2016.
Manoj Kumar Sain, Godhraj Kumawat “ Performance Enhancement Of Single Slope Solar Still Using
Nano-Particles Mixed Black Paint”, Advanced Nano science and Technology: An International Journal
(ANTJ), Vol.1, No.1, 2015.

Moses Koilraj Gnanadason, Palanisamy Senthil Kumar, Vincent H. Wilson, Gajendiran Hariharan,
Navaneethakrishnan Shenbaga Vinayagamoorthi “Design and Performance Analysis of an Innovative
Single Basin Solar Nano Still”, Smart Grid and Renewable Energy, p.88-98, 2013.
Hitesh N Panchal, Dr. P. K. Shah “Effect of varying glass cover thickness on performance of solar
still: in a winter climate conditions”, International Journal of Renewable Energy Research, Vol.1, No.4,
pp.212-223, 2011.
B. L. Patil, Dr. J.A. Hole, Sagar Wankhede ‘“Parameters Affecting Productivity of Solar Still and
Improvement Techniques: A Detailed Review”, International Journal of Engineering Technology,
Management and Applied Sciences, ISSN 2349-4476,Volume 5, Issue 2, February 2017.

S Joe Patrick Gnanaraj, S Ramachandran, K Logesh “A Review on Solar Water Distillation Using
Thermal Energy Storage”, RJIPBCS, ISSN: 0975-8585, Page No. 2476, December 2016.
B.Hari, J. Kishore “Evacuated Stepped Basin Solar still with PCM and Intermittent Water Collector”,
International Journal for Research in Applied Science &Engineering Technology, ISSN: 2321-965,
Volume 3, Issue VIII, August 2015.

Amitava Bhattacharyya “Solar Stills for Desalination of Water in Rural Households”, International
Journal of Environment and Sustainability, ISSN 1927-9566, Vol. 2, pp. 21-30, 2013.
Bilal A. Akash, Mousa S. Mohsen, Waleed Nayfeh “Experimental study of the basin type solar still
under local climate conditions”, Energy Conversion & Management 41, pp. 883-890, 2000.

S. Nudra S. A. Aziz, Omar el Hadad, Syarifah A. Rahim, Chew F. Ne “Solar Still: Water for the
Future”, Journal of Engineering and Applied Sciences, ISSN 1819-6608, Vol. 11, No. 10, May 2016.
Sachin Amte ,Vishal Athawale, Suraj Jayabhaye, Sudhir More “Design and Performance Analysis of
Solar Still”, International Journal of Current Engineering and Technology, E-ISSN 2277 — 4106, P-
ISSN 2347 — 5161, pp. 205-207,2016.

Hitesh N Panchal, Manish Doshi , Prakash Chavda , Ranvirgiri Goswami “Effect of Cow dung cakes
inside basin on heat transfer coefficients and productivity of single basin single slope solar still”, ISSN
09764259, Volume 1, No 4, 2011.
AbdulRakib M.Kachwala,K.V. Modi “A performance Optimize solar still using CFD Analysis”,
International Journal for Innovative Research in Science & Technology, ISSN (online): 2349-6010,
Volume 1, Issue 7 , December 2014.
Vishakha N. Sakhare, R. S. Shelke “Method of Enhancing the Performance of Solar Still: A Review”,
International Journal of Advance Research in Science and Engineering IJARSE, ISSN-2319-8354(E),
Vol. No.3, Issue No.12, December 2014.
Md. Zargistalukder, Avizitbasak Foisal, Ahmed Siddique, Dr. Mohd.Rafiqulalambeg “Design and
Performance Evaluation of Solar Water Distillation Plant”, Global Journal of Researches in
Engineering, Online ISSN: 2249-4596 Print ISSN: 0975-5861, Volume 13 Issue 1 Version 1.0 Year
2013.
Ragh Vendra Singh, Rahul Dev, M. M. Hasan, G. N. Tiwari “Comparative Energy and Exergy
Analysis of Various Passive Solar Distillation Systems”, World renewable energy congress 2011, pp.
8-13,May 2011.

114|Page www.ijrerd.com



