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Abstract— Water is essential for our existence. 

The growing population and industrialisation 

have increased the rate of pollution of water. 

Consumption of such water may lead to 

spreading of water borne diseases. The project 

aims to supply purified water by effective 

utilisation of solar energy by using CSP through 

cylindrical parabolic trough that concentrates 

solar energy on a line where a vacuum tube is 

mounted. Higher concentration ratio of parabolic 

trough enables to raise the temperature of water 

to such a level that micro-organisms no longer 

exist. The setup also uses a carbon filter to 

remove sediments, particulate matter. This paper 

involves the designing of such a purification 

system, and the methodology for fabrication of 

the purification setup is explained in this paper. 
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I. INTRODUCTION 

Solar water purification includes two aspects; 

first aspect is sediment removal using carbon 

filter then, pathogen elimination in the manifold 

due to heat generated by natural convection due 

to parabolic trough. Initial filtration is carried by 

a carbon filter. Carbons filtration uses a bed 

of activated carbon to remove contaminants and 

impurities using chemical adsorption. Carbon 

filters effectively remove chlorine, benzene, 

radon, solvents trihalomethane compounds, 

volatile organic chemicals such as pesticides and 

herbicides and hundreds of other man-made 

chemicals that may come into contact with tap 

water as it proceeds through the system. In 

addition, filters remove bad tastes and odours 

from the water [NDSU, WQ-1029]
[1]

. After this 

initial filtration by carbon filter, water is then 

passed to evacuated vacuum tubes for remaining 

purification. A parabolic trough is a type of solar 

thermal collector that is straight in one 

dimension (Z-axis) and curved as a parabola in 

the other two (X and Y-axis), lined with a 

polished mirror like finish metal. The energy 

of sunlight which enters the collector parallel to 

its plane of symmetry is focused along the focal 

line where the vacuum tube is placed. The 

vacuum that surrounds the outside of the tube 

greatly reduces convection and conduction heat 

loss, therefore achieving greater efficiency than 

flat-plate collectors. Thus with higher 

concentration ratio and with appropriate 

acceptance angle, the parabolic trough will 

concentrate more thermal radiation on the tube 

where it will absorb heat and will transmit it to 

the water inside, to raise its temperature to 80°C 

and more(i.e.to the pasteurization temperature of 

water) to kill or deactivate all classes of 

pathogens including protozoan cysts that have 

shown resistance to chemical disinfection and 

viruses that are too small to be mechanically 

removed by microfiltration. As the water heats 

due to radiation from the sun, the 

increased temperature will kill or inactivate an 

important part of commonly waterborne 

pathogenic bacteria, viruses, helminthes, 

and protozoa at a temperature between 65° and 

75°C (i.e.149-167°F) (Backcountry Drinking 

Water)
[2]

,thus making water drinkable. 

 

II. AIM AND OBJECTIVE 

Harnessing the solar thermal energy for water 

pasteurization process and use of carbon filter to 

remove sediments thus, purifying water without 

using any non-renewable energy source. 

Objectives of the project are: 

[1]. Removing sediments and particulate 

matter from water. 

http://en.wikipedia.org/wiki/Activated_carbon
http://en.wikipedia.org/wiki/Absorption
http://en.wikipedia.org/wiki/Solar_thermal_collector
http://en.wikipedia.org/wiki/Solar_thermal_collector
http://en.wikipedia.org/wiki/Solar_thermal_collector
http://en.wikipedia.org/wiki/Parabola
http://en.wikipedia.org/wiki/Sunlight
http://en.wikipedia.org/wiki/Parabola
http://en.wikipedia.org/wiki/Parabola
http://en.wikipedia.org/wiki/Convection
http://en.wikipedia.org/wiki/Conduction_(heat)
http://www.sswm.info/glossary/2/letterd
http://www.sswm.info/glossary/2/letterm
http://www.sswm.info/glossary/2/lettert
http://www.sswm.info/glossary/2/letterb
http://www.sswm.info/glossary/2/letterp
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[2]. Elimination of pathogens, viruses, other 

diseases causing elements from water. 

[3]. Generation of minimum 25 litres of pure 

day per day 

The problem definition for our project is as 

follows: 

―Design and fabrication of Solar Water Purifier 

by using carbon filtration and concentrated solar 

power technology to generate minimum 25 litres 

of pure water per day‖. 

 

III. DESIGN CALCULATIONS 

The water purification system comprises of 

Carbon filter and solar water heater. The 

experimental layout, components and their 

functions are explained below, in figure 1shown 

on the next page. 

 
Fig.1 Layout of Solar Water Purifier 

A.   Components of Solar Water Purifier 

[1]. Parabolic Reflector- It is a solar thermal 

collector parabolic in two axes and straight in 

third axis. It has a polished surface which reflects 

incident solar radiation on a focal line. 

[2]. Vacuum Tube- It has two concentric 

glass tube having vacuum between their annular 

space. Heat is conducted through glass tube 

walls and transferred to the water inside giving 

rise to thermosiphon effect. 

[3]. Carbon filter- It has three elements 

sediment filter, Pre carbon filter and post carbon 

filter. Collectively Carbon filter removes 

sediments of size 0.5-50 micrometers and also 

controls odour and taste of water. 

[4]. Manifold- It is a SS-202 Manifold having 

capacity of 30 litres and insulated with glass 

wool to avoid the heat loss. 

B.    Design Procedure 

[1]. Capacity of manifold 

Selecting a manifold of 25 litres capacity and 

considering the fact that its inner diameter, outer 

diameter and length are known. So 

              D
2

tank x Ltank =    m
2                      

[2]. Solar Isolation at a given place in a given 

month is  

is determined
 [9] 

[3]. Area of aperture of parabolic trough is 

given by 

Atotal = Ltrough x Wtrough x n, where n = no .of 

troughs 

Concentration ratio   

                                   =  

[4]. Net heat required to boil the water is 

given by 

Qvacuum tube + Qtank =( mCpdt)vacuum tube + 

(mCpdt)tank 

Thermal losses will have to be added to the heat 

required. We have the unknown ―n‖ here. 

[5]. Thermal energy available from the sun is 

given by  
   [11]Q

available=Qincident x reflectivity of sheet x Atotal 

x efficiency of vacuum tube x concentration ratio. 

We have the unknown ―n‖ here. 

[6]. Thermal aspects of manifold 

The sectional view of SS manifold insulated with 

glass wool is shown in figure 2. 

 
Fig.2  Section of SS manifold with glass wool 



  
 

 

41 Akshay Acholkar, Mayuresh Kathe, Nimish Kavishwar, Mayur Patil, Prof. Deepak Devesagayam 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 2 Issue 4 

April 2015       

Values of Thermal conductivities of glass wool 

and manifold material are assumed to be known. 

Emissivity of glass wool is also known. The 

convective heat transfer coefficient is given by, 

ha = 10.45-v+ 10v
1/2

 
[3]

   where v is wind 

velocity at given location. The inside water 

temperature of manifold is taken as mean 

temperature for calculation purpose. Total heat 

loss is equal to summation of conduction loss, 

convection loss and radiation loss trough the 

manifold. Adding the total heat loss to the Qrequied 

calculated in step [4] and equating it to the 

Qavailable from step [5] we can get the number of 

troughs. 

Summarizing all the design calculations as 

shown below in Table I.                     

 

TABLE I 

DESIGN DIMENSIONS 

Sr 

no 

Summary of design calculations 

Componen

ts 

Dimensio

ns 

Quantity 

1 Parabolic 

trough 

Lt=1219 

mm 

Wt=700m

m 

2 

2 Manifold Ltank=350

mm 

I.D.=300 

mm 

O.D.=306

mm 

1 

3 Vacuum 

Tube 

L=1500 

mm 

I.D.=37 

mm 

O.D.=47 

mm 

2 

 

IV. FABRICATION OF COMPONENTS 

A. Parabolic trough 

       It is made up series of wooden ribs which 

are cut in parabolic shape by rotary cutter. 

Reflective Aluminium sheet is attached over 

wooden ribs by screws and washers. 

 

B. Carbon filter 

      It has nozzles at both the end of each of the 

three filters to connect the tube. 

C. SS manifold 

      It has 4 openings; two for vacuum tubes to 

attach one for outlet and one for connecting 

carbon filter.Vaccum tubes are connected to the 

manifold trough silicon hose and SS202 

pipe .SS202 pipe is brazed to the manifold at 

bottom. Silicon hose provides necessary 

flexibility to the connection. The overall setup is 

shown in following figure 

 

 

 
Fig.3 Experimental setup of Solar Water Purifier 

 

V. TESTING AND RESULTS 

After the setup was fabricated, the temperature 

of water inside the manifold was tested from 

11:00 a.m. to 3:00 p.m. 

The results are as shown in the Table II. Also the 

water sample form ―Solar Water Purifier‖ was 

sent to a Govt recognized water testing 

laboratory and it was found that water sample 

was free from particulate matter and disease 

causing pathogens and hence making it safe for 

drinking. 

 Inlet temperature of water = 27℃ 

Ambient temperature of air = 30℃ 
Time Average temperature of 

water in ℃ 

11:00 a.m. – 12:00 p.m. 45℃ 

12:00 a.m. – 01:00 p.m. 60℃ 

01:00 a.m. – 02:00 p.m. 68℃ 

02:00 a.m. – 03:00 p.m. 70℃ 
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VI. CONCLUSIONS 

The setup of ―Solar Water Purifier‖ was 

fabricated according to the design calculations 

within the prescribed time period and in the end 

sample of purified water from the setup was sent 

to water testing laboratory and from the results 

obtained it was found that the sample was free 

from particulate matter and disease causing 

pathogens and hence the water was fit for 

drinking. Temperature from the setup easily rose 

up to 70℃ in 2 hours and thereby killing the 

pathogens through the process of ―Water 

Pasteurization‖. Also, comparison was made 

between the existing filters like which were 

dependent on electricity like R.O filter, U.V. 

filter and it was found that ―Solar Water 

Purifier‖ had many advantages over the 

conventional filters in terms of manufacturing 

and maintenance cost and also it successfully 

implemented in rural and slum areas where there 

is lack of electricity but abundance of solar 

energy.   
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