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Abstract. It presents a heating system using low cost adtiéra solar collectors to promote the disinfectmfnwater in
low income communities that take water contamindtgdacteria. The system consists of two solarectils, with
total area of 4 m2 and was built using PET botHes cans of beer and soft drinks. Each collectonéle up of 8 PVC
tubes, connected in series and work in continutmye. it will determine the flux the most appropedb generate the
temperature to promote the disinfection. Will begented results of the efficiency and thermal tifssystem and
results of analysis of water after undergoing thecgess of heating.
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1. INTRODUCTION

Nowadays are increasingly present discussions le@tveévil organizations, academic institutions, stifec and
government authorities about the impending shortdgeater resources on our planet. Brazil, desghiggr condition
comfortable for its huge water availability, espdlgiin the Amazon region can not be unrelatechtt tssue since the
water in Brazil are not distributed in a homogerg@nd now many feel that the Brazilian regionspitublems of lack
of water and live with frequent conflict for thatason (Silva, 2004).

Previous studies carried out revealed the existehcentamination by fecal bacteria in samples afex for human
consumption in communities of the state of Rio @mado Norte. Data released by UNICEF (United NatiBond for
Children), the report " World Situation of the Ghién 2005", indicate the rate of Brazil with accessrinking water
(89%) lower than that of some countries like Mexi€hile, and Uruguay (UNICEF, 2005). Thus, the gapon will
be required to have a source of water for theivigal often contaminated artesian wells.

The technique used constantly in various countdedisinfect drinking water is the addition of chife (CI2) to
water, this is due to its operation be more adgetas to existing alternatives. On the other hamahy low-income
communities can not have access to treated watertallbecame a high cost for the family budget. Harrhore,
according to EPA (1990) and research previouslyettaien by Dons Bach (1981) confirm the directaftd chlorine
with the onset of cancer.

The use of solar energy as proposed for disinfeaifovater in the state of Rio Grande do Norte t@yechnically
feasible as the solar intensity in the region igegfavorable. In addition to this study this fackas a significant social
importance since a significant portion of their plagion has no access to treated water. This nesnaltive has the
advantage of using disposable materials such as brRiiles (polyethylene ethylene) and aluminum céoeer and
soda).

This study aims to determine the most appropriate fo generate temperature to promote the disiidieof water.
Moreover, the thermal performance will be analyaéthe heating system through the results of thégfiiency and
heat loss of the system. And finally, will be pretsel the results of analysis of water, after undieig the process of
heating.

2. BIBLIOGRAPHIC REVIEW

In recent decades, the use of solar energy tordipe of water disinfection was made without aple study of
the process. However, recent different groups ofests began to explore the process of disinfeatiowater by solar
energy.

Batista (2008) studied the process of solar waiginfeéction using an experimental reactor that wowith the
synergistic effect of UV light with temperature athied catalytic activity of Ti@to the inactivation of Escherichia coli
bacteria present in contaminated water from amesiall. The disinfection system studied was ableptomote
complete disinfection in 150 minutes using only pitothermal effect and in 120 minutes with thditoh of a solar
concentratoand Ti@Q fixed.
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Sichel et al. (2007) showed for temperatures alf#&/& C in a process of solar disinfection, happeisynergistic
interaction between high temperature and solaatiaa, increasing the efficiency of disinfectionddoy reducing the
time of treatment.

Felix (2008) conducted a numerical and experimestiadly of the disinfection efficiency, to use sotarergy for
water treatment. The methodology used in the treatrof disinfection was package contaminated wat®ET bottles
and expose them to sunlight. The results showetarage of 80% efficiency of disinfection of contaated water.

Souza et al (2008) presented a preliminary devedoprof a plant for solar disinfection of water sliogvthe kinetic
processes and microbiologiaafl the disinfection.

Gomes (2008) presented a pilot plant using plafieators to study the solar photocatalysis for rdisttion of
water contaminated with Eschericgia coli, Enteracscfaecalis and humic acids. The results showadghterococcus
are more resistants to the photocatalytic treatrtieat the bacteria Escherichia coli, requiring @aggr amount of UV
energy for their removal.

Yak (2006) proposed a solar thermal reactor basdati@® maximum absorption of solar radiation andimim loss
heat converted. The system consists of two coricetibes of glass separated by vacuum. The inteurz is
externally coated with a layer of aluminum, whichsadeposited on dark aluminum nitrate to absorar saldiation.
Starting from a temperature of 25 °C in a typicay @f summer, after two hours of exposure can lgese 65°C,
sufficient to have a slow water pasteurization.

Metcalf (2006) demonstrated the ability to pastercontaminated water for human consumption usolgr s
cookers. It was proved only one minute at a tentpezaof 65 ° C to inactivate 99.999% of bactehattcausing
diseases.

Amaral et al (2006) found that solar radiationfife&tive in water disinfection with reductions aftevelve hours of
exposure of 98.2%, 99.9% and 100% in numbers ofopfelic microorganisms, total coliforms and E. coli
respectively, without recrudescence of microorgasiafter 72 hours. Completed the feasibility ofasghdiation to
promote the water disinfection of rare wells, witke largest reductions occur in E. coli.

3. MATERIALS AND METHODS

The heating system proposed is composed of twonatige solar collectors use units absorbers forimgd®ETS
bottles, beer or soda cans and two tanks to thplys@b contaminated water and collection of watelated. The two
collectors are formed by absorbing grade of PV@gpiponnected at series to obtain a higher temperafithe water
that it runs. The area of each collector is 2.0emsetmaking the system at 4.0 meters on total. trfien between
absorbers and the tubes was made using connettidva/e the same diameter and material. The reisgerwbpower
and collection are of polyethylene. The scheme béllof continuous flow forced with just a passirfghe working
fluid inside the collector

Each collector of 2.0 m? is made of 96 bottles PEwslving the eight PVC tubes of 20 mm externardeter
comprising the absorber of the collector grid, amtad by tees of the same material and diameteprd@mote the
service in series were plac®¥/C rings in the tees connections to have divethefflow to another tube. Inside the unit
heaters in number of 48, formed of two PET bottlei#h the tube inside, were placed two fins (I =@@, b = 6 cm)
surrounding the tube to increase the area of abieorpf solar radiation overall incident. The fingre manufactured
using cans of beer and soft drinks, cut to his uppé lower ends and longitudinally. In the spaegveen two units of
heat was placed a bottle pet, cut at both endsmifir a glove, to minimize the effect of heat sink.
The grade of absorber was painted of matte blackétter absorption of global solar radiation ireitd The tubes of
the absorber were glued with special glue for PVC.

The collector in study has not box neither glassase as cover. The greenhouse effect is generaside the
heating unit. The diameter of the central cylinded00 mm. Below are described the processes ofifaature and
assembly of this type of collector.

The process of manufacture of the double fins ctlle consists of the following steps:
1. Cutting of PET bottles for mounting the unitshefat;

2. Cutting of the bottles that will be glove;

3. Wash of the bottles PETS;

4. Cutting of the PVC pipe with 1.62 m;

5. Cut for the manufacture of cans of fins;

6. Manufacture of PET gloves;

7. Manufacture of fins for a craft process of coegsion molding;

8. Painting of absorber pipes with matte blackankl synthetic enamel;

9. Painting of fins;

10. Manufacture of metal structures for mounting e th  collector.

The process of assembly of the fin collector caagi§the following steps:
1. Placing of the tees in the pipes using PVC glue;
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. Placement of the rings of PVC to provide moveniethe series;
. Slide the tube of a PET bottle cut on half afét of heat;

. Fixing of the fins in the absorber tube throtigh use of wire;

. Plug the other cut PET bottle;

. Plug the bottle-shaped pet glove;

. Do the procedures 2, 3 and 4 for the other wifiteat;

. Placing of the tees at the other end of the BW€ absorbers.

~NOoO o WNDN

The system was tested in forced flow, with only asgage of the working fluid insidend were measured the
temperatures of in and out of the first collecttire output temperature of the second collector, glothal solar
radiation. The temperatures were measured durinmiBOtes for a period from 10:00 to 13:00, for det@ing the
most appropriate stream for the desired disinfactio this phase of the research the water thatusad on the system
was the water from public network.

The temperatures were measured with the cromelelltnermocouples connected to a digital thermometet
solar radiation was measured by a pyranometer. HHaging system composed of two solar collector$ \gitade
absorber in series also connected in series isrsloovFigure 1.

The microbiological analysis of water before anttiathe process of heating will then be performedhtain the
diagnostic efficiency of the plant designed in exgpof kinetic and microbiological processes. Thardification of
total coliforms and E. coli in the samples pre-gadt-disinfection will be carried out with the tedue MPN (most
probable number), using the Colilert method inesedf five tubes, according to Standard Method$HerExamination
of Water and Wastewater (1998).

Figure 1. Solar heating systef’n for disinfectionvater.

The thermal efficiency of the heating system cadédtermined by the equation shown below.

Py

Ny = &1 1)

Where:

P, = total useful power transferred to the workingdjun W.
| - solar radiation in W/mz.

A = area of collector (area exposed to solar ramigin m2.

P, =mc, AT )
Where:

m = Mass flow in kg/s.

C, = specific heat of water, KJ / kg ° C.

AT = temperature gradient between the fluid input aatput, in °C.
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The thermal efficiency of the system for each fiate studied can be determined for equations 43)(%) and (6),
presented below. To determine the thermal effigiesfeeach collector, the numerical values presemtélde equations
below should be divided by two, since the areaaghecollector is half the total area of the system.

Kg 2010°n? |, KJ AT

=10—=. 418°= .=~ =00058¢ 3
Tan =105 3608 Kg' | ' )

3
=10 3040°NT  KI AT _ g @
an = et 3608 Kg' |

3
Kg 4510°n? , KJ AT ~ 00137 o
3606 Kg' |

Thas,, =10

3
Kg 6010°n? , KJ AT _ 0017 o
M 3606 Kg |

,7t6(]/h :103

The overall coefficient of heat loss was determlibg parameters of power absorbed by the colld&gg), power
transferred to the working fluid (R mean temperature of plate,J and temperature (¥ of the collector area (A), the

mass flow (m) of the fluid specific heat,Y@nd the difference in temperature of the fluidnfrthe systemAT) as the
equations (7) to (10).

Pps = 7,0, 1.A (7)

P, = m.c, AT (®)

P, =Pus— P, 9)
Pp

U loss — ATpn—Ta) (10)

4. RESULTS AND DISCUSSIONS

Table (1) shows the average data measured ingtedenducted for three days of testing, with diffe flow rates,
during the lifting performance of the heating systender study.

Table 1. Data average of days of tests with tharsylstem, where Teand Tegare theemperatures of entrance of the
collectors 1 and 2, JJi: c;andT e coare theemperatures of exit of the collector 1 and\2¢, eAT,is the temperature
different in the collectors 1 and Bt.1, Nte1 and Nisist
are the thermal efficiency of the collectors 1 n#l aystem and | is the global solar radiation

OUTFLOW Tec1 Texit c1 ATy Nt I Texit c2 AT, Ay Nte2 Ntsist
(litersfhour) | (°C) (°C) (°C) (%) (kw/m) 2 (°) (°C) (%) (%)
°C)
20 30,2 59,2 29,0 48 0,70 65,2 6,0 35,0 9/4 29,0
30 30,4 55,7 25,3 62,8 0,70 61,2 5,5 30,3 13,7 37,6
45 30,0 49,3 29,3 71,7 0,70 55,0 5,7 21,7 19,6 43,8
60 31,4 46,4 15,0 72,8 0,70 53,4 7,0 22,0 34,0 53,4

The efficiency of the second module is lower tham first. This according to the configuration of thbsorber grid
by the connection in series of the two collectavkjch provide a higher temperature gradient in fireg module.
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Despite the near saturation of the module 2, tho&zature still grew 20.7%, 19.8, 28.9 and 46.72fdr30.45 and 60
I/h, respectively. This demonstrates that the seéecoadule also contributes significantly to achigvanhigher level of
temperature, vital to the process of disinfectibmwater.

Among the levels of flow tested at higher tempematuas reached to 20 I/h, as was expected, buhi®iflow the
volume treated per day is only 140 liters. For floev of 30 I/h, an increase in flow of 50%, ther@asva decrease in
temperature  of 6.2%, treated with a volume of 210iterd, an increase of 50%.
For 45 I/h and flow of 60 I/h despite the greatificency in the second module, mainly to 60 It tevels of medium
temperatures obtained are below 60 ° C, insufficieneffective treatment desired. Could be usedira collector, or
just a module with 3.0 m2 of area for an assessiofethie level of temperature reached. It wouldrbpartant to check
the temperature at various points of the absorhértg verify if there is saturation on the system.

One solution is the use of higher flow rate, 60 Which showed significant performance, and atterremoval of
two modules to do the treated water pass througithan unit of treatment that would be a cylinderabalic
concentrator to increase the temperature obtaifigd.solution could double the volume of treatedevan 30 I/h, the
flow rate more appropriate for the tests that weseried out, on the final exit temperature of th@lector, and
conducive to greater efficiency in the processisihdection.

The preliminary tests performed with two modulestiod alternative collector PET, 2m2 each modulewshto
obtain a temperature around 65°C for a flow of /A0 The volume of treated water per day was, thed80 liters. To
increase the production of treated hot water cato liecrease the area of solar collectors oncediseper square meter
of the system is extremely low.

With respect to thermal loss of the heating systéme, procedure of calculation shown below, allows t
determination of overall heat loss coefficient the lower flow, 20 I/h, where the absorbers tubaseha higher
temperature, and therefore, greater heat losseT@pbresent values of loss thermal.

Table 2. Parameters of heat loss of the heatingmsys

OUTFLOW I:’absorber PUseful I:’Ioss u loss
(I/h) (W) (W) (W) (W/m2.°C)
20 2167,5 945,1 12224 12,2

The values calculated by both methods point to weradl loss coefficient well above the charactérisif
conventional collectors, located in the middle ubgtween 6.0 and 12.0 W / m2. ° C (Duffie & Beckim#991), but
should give consideration that the collector irdgtdoes not provide thermal insulation and glasercof the storage
box. Even with that rate the system was feasibletfie end proposed, can be explained its appaoemtcbst.
The microbiological analysis showed that the expoati bottles to sunlight and heat produced asnsexquence, leads
to a good efficiency in the treatment of contangdatvater through the use of solar energy. The grdhe level of
solar radiation incident on the collector and thmperature level reached by water, therefore,beilmore efficient in
the process of disinfection.

5. CONCLUSIONS

1. The most appropriate flow to the process ofndiigition was 20 liters / hour, with higher ratesexhperature at the
exit of the collector, can of 30 I/ h collector @lde used to provide a greater volume of watertdcka
2. The heat loss of the heating system is sigmificalight of the lack of thermal insulation;

3. The heating system studied was shown to bebleafsir the proposed order and may be added anstter device in
series to increase the temperature and providera effective disinfection;

4. The PET type collectors have as the main adgastthe low cost and simple manufacturing processeéassembly,
and represent an option that can be mass sciectifianunity in both poor to use the benefits of\water and treated,
as far as income generation, the manufacture amkletirag of and type of collector;

5. The technology of disinfection proposal advaesagver other processes, because of being eaailievand use of
clean energy, widely available and inexhaustible;

6. Another important characteristic in the plantdeinfection is the use of recyclable material&s construction,
which contribute to alleviating environmental preiols, in line with the prime objective of the wonkich is

producing decontaminated water to poor communities;

7. Is needed to better the study for determindodet efficiency degree of disinfection throutle use of solar energy,
by exposure to radiation or by heating the watdrigiter temperature.
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