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Abstract. Its presented an alternative solar collector consted with two fibercement tiles, with their couites filled
with PVC tubes connected in parallel, forming ars@tber grid. Between the two tiles was placed @&iagf EPS
powder (expanded polystyrene), for the reductiothefmal losses through the bottom of the collectdre heating
system is formed by the collector and storage tatgq alternative, constructed from a polyethyleeservoir used to
storage water. The system operates in thermosypbagimen and will be tested in two configurationsthmand
without coverage. It isn't used glass for the trzarent cover of the collector. It will be used artsparent cover of
PET bottles. The heating system presents simplepses of manufacture and assembly and its manacteaistic is
its low cost. This system will be used to produziewater for home bath, taking advantage of the afsiés coverage
area. It will be presented results of tests for tive presented configurations. It will also be destoated the thermal,
economic and material viability of the proposed tivepsystem.

Keywords: alternative solar collector, heating system, releple materials, low cost.
1. INTRODUCTION

The most pessimistic forecasts of the ambient &sisnare becoming reality and, then it becomeegrais to
substitute fossil sources for clean and abundamtsof energies.

The solar water heating, the indirect generatiomlettric energy through the use of solar conctmsaand the
direct conversion of the solar energy in electmergy through the use of the photovoltaic’s cedlipresents viable
applications extremely and its uses have grown maptally in the whole world, mainly in the moreveéped
countries.

Brazil is a leading country in relation to the dabie solar potential, and the northeast regiosqmes an average
potential around 600W/m 2, reaching peaks aroundO\M)m?2. This potential places the northeast regasnan
extremely viable region for the implantation of aojar installations, for lots of applications. (wvinpe.br)

According to National Energy Rocking (BEN) of 200/5% of the consumption of electric energy in Blragi
directed for the sector of constructions, havingrb@80% correspondent to the companies and resislamce20% to the
public administration, with ciphers reaching 13.8#4he brute internal product of the country (Gop&&08).

The residential sector answers for 23% of theonati consumption of energy and the consumptiomefeaectric
shower is one of the biggest in a residence, cporeting 25%, losing only for the refrigerator/freethat corresponds
to 30%. Its use reaches the schedule of peak frgmt6 7pm, corresponding to 8.5% of the nationahaed of energy
in this schedule (Costa, 2007).

This data points the importance of the alternagimergies with respect to the water heating destiogtle bath in
substitution to the electric shower bath to prepéithe reduction of the consumption of electriergy, bringing relief
to the Brazilian energy matrix.

This work presents the thermal and economic viddsliof a system of water solar heating that usesllactor
manufactured with the use of used asbestos-cermefihg tiles in coverings of residences. The maimovation of the
work is the use of a composed transparent coveniitly PET bottles, in substitution to the convenéty used
transparent glass. This collector could be usecbtwstitute the roof of a residence, being provitted heating of the
water to be consumed by its inhabitants. An alti&raghermal reservoir of little cost that the inoxcopper reservoirs
is also presented

Average results are presented for two configuratiovith and without transparent coverage, in aesystomposed
of a solar collector and thermal reservoir, workingegimen of thermosyphon, with absorber gridrfed by six tubes
in parallel.
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2. BIBLIOGRAPHIC REVIEW

To promote the heating of water for the bath asglunventional and alternative collectors.

The conventional collectors consist of a box inndhum profile or glass fiber, thermal insulation giss wool,
absorber plate of aluminum; absorber grid formedcbpper tubes and a glass transparent cover. Wprki
thermosyphon or using a continuous flow pump ferrtovement of the working fluid.

The collectors are usually made of alternative neteto lower cost and have as main purpose thalsation of
water solar heating. Several generations of altemaollectors using plastic absorbers tubes hmseen developed and
tested in LMHES/UFRN. The main objective of thedstwof such collectors is to reduce the manufactuost,
searching for the socialization of its use in hgasolar systems for domestic and industrial watéth this objective,
several studies were developed, demonstratingtiedbw cost solar plastic collectors have beedistusince the 70s
(Souza, 2002).

Souza (2004) studied and compared two types oéduolts, an alternative and a conventional, dematirsty the
competitiveness of alternative collector with alb&wrgrid consisting of multiple PVC tubes in redatithe conventional
collector with copper tube.

Souza (2005) studied an alternative collector stissif three elements: box, absorber grid and gldss box was
manufactured in composite material and the absagberwas composed of multiple PVC tubes conneatgohrallel,
using a configuration that allowed the reductiorspfice between the tubes. It was shown the theamahomic and
material viabilities of the proposed solar collecto

Souza (2006) studied a low-cost alternative headnlgr system composed for a solar collector andltmnative
thermal reservoir. The collector had an absorbigl fgrmed by PVC tubes and the thermal reservos made from a
polyethylene drum of 200 liters, used for waterafe and/or waste, covered with a composite materéae of
gypsum base, ground EPS and water. It was showthénmal, economic and material viabilities of Hystem studied.

Souza (2007) studied an alternative heating systensisting of a collector with absorber grid tultésPVC
connected in parallel through the PVC tees of sdiameter and an alternative heat reservoir bultnfia drum coated
with a polyethylene cylinder made in glass fibérwhs shown the thermal, economic and materialitahof the
system under study.

Another alternative heating system at low cost vilie objective of socializing the solar water hegtiwas
developed and built in the Technology Businesshator Center - CIETEC / SP in 1999 and receivechtrae of Low
Cost Solar Collector ASBC. The ASBC has collecwimsilar to those used in swimming pools, not hayithgrefore,
transparent cover. This system for a four-persanilfais composed of three PVC collector plates ddl0meters
interconnected and painted in black and a reseofoiolume equal to 170 liters. Each plate collectmnsists of a PVC
brick profile lining with PVC pipes attached to thends (Varella, 2004).

An alternative collector was developed and buil2@94, by the Society of the Sun, a S&o Paulo QMg PET
bottles and milk TETRA PAK packages. This colled®composed of 80 PET bottles and has an absgrlukformed
by eight pipes of on PVC in parallel. Tests carrileugh with the ASBC and the collector of PET whd that the
more efficient ASBC is 17.2% (Santos, 2008).

Santos (2008) presented an alternative solar sylstenollecting water heating consisting of onetwo alternative
collectors and an also alternative water storagerweir, whose main purpose was to socialize teeafighe energy,
mainly to be used by low income populations. Thiéectors had been constructed from the use of Péflels, cans of
beers and soda and pipes of PVC of %" Such coligatere formed by only three elements: bottle pahs and
absorber pipes. It was demonstrated the thermahagtic and of materials viabilities of the studeadlectors.

Souza et al. (2008) had studied a new configurdtiorthe absorber grid of an alternative colleatgth absorber
surface formed by PVC pipes, making a mixing gedes-parallel objectifying an increase of the temapure of the
water, to propitiate the attainment of a biggergemture of the water in the interior of the thelrneaervoir.

3. MATERIALS AND METHODS

The solar collector developed is formed by two atiecement roofing tiles of 2.44 x 0.50m, withckmess of
0.4mm, having enters the two overlapping roofirfgstian isolating layer of triturated EPS. The abeorgrid is
composed for six pipes of PVC of 20mm of externahteter, in parallel through connections in T @&f #ame material.
It functions in regimen of thermosyphon, with awwole of warm water of 150 liters. Its area corresisao 1,40 m 2,

The superior asbestos-cement roofing tile and tteorder tubes had been painted of black color fareter
absorption of the solar radiation global incide@wvering is made of cut PET bottles that assuméréimsparent format
of roofing tile. Figure 1 show the considered ottibe constructed.

The processes of manufacture and assembly of tleetow are constituted by the following stages:

1. Cutting of the PVC pipes;
2. Linking of the tubes to the PVC connectionstfa formation of the absorber grid through PVC glue
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3. Confection of the separation element betweetvtheasbestos-cement roofing tiles — it was usedpasite
with gypsum, triturated EPS, scraps of tire, cemsaatd and water, getting itself a wall of separatf 5.0
cm;

4. Setting of the roofing tiles the separationance through the use of screws;

5. Introduction of triturated EPS between the teofing tiles;

6. Rank of foam in the lateral spaces betweendbéng tiles for preservation of the thermal ingata

7. Painting of the superior roofing tile and absortubes;

8. Setting of the absorber grid in the superiofinaptile;

9. Coupling in the grid of the entrance and exetsiof the water in the collector;

10. Confection of the transparent covering using Béttles;

11. Setting of the segments of PET bottles to tipesor roofing tile using contact glue;

12. Linking of the entrance and exit tubes of thkector to the alternative thermal reservoir;

Figure 1. Alternative solar collector in study

The alternative thermal reservoir of 150 liters wasfectioned from an element base, a polyethyténen of 200
liters. The reservoir was opened in its superimec@nd was placed in the interior of a drum cotideed in fiber glass
with thickness around 5,0 mm. The cover of themasewas constructed in fiber glass. In the spaegveen the two

basic elements, fiber cylinder and polyethylenendmwere placed triturated EPS. Figure 2 shows thestoocted
thermal reservoir.
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Figure 2. Alternative thermal reservoir.

The heating system functions in regimen of thermbey for a volume of 150 liters of and was testedthe
diagnosis of its thermal efficiency, being measutied parameters that characterizes it and are smgesor the
analysis of its thermal performance, (Duffie, 198buza, 2008).The collector was inclined of 15,9°& determine the
flow rate it was considered that all the water hie teservoir circulated by the collector, corregtion therefore to
relation between the volume of the reservoir (1868) and time to test the system (seven hourd)e dlternative
heating solar system is presented in Fig. (3).

It was measured the temperature of entrance aridoexhe fluid of the collector, the temperaturetbé water
contained in the reservoir at various points (lgWer %2, % and upper), ambient temperature and lgtaibar radiation.
Also was measured the necessary time for unifotiizaf the temperature of the fluid mass in therthal reservoir.

As temperatures of entrance and exit of the fluadl bbeen measured in the period between 8am and iBpm,
intervals of 30 minutes; the temperature of théectdr and absorber tubes had been measured fram 1% minutes
between 1lam and pm, period of maximum and constalidtion, where it is evaluated maximum loss @nésd by
the collector; the temperature of the fluid mass weeasured after the seven hours of functioning. t€ats had been
carried through in days with good solar conditidmigh indices of direct and global radiation saad low cloudiness
to allow a more real comparative analysis betweertést days.

To test the thermal efficiency of the thermal resér it was filled and was established a connechbetween it and
the considered collector. After one day of fundiignof the heating system, at 3pm, it was meastiredemperature of
the water contained in the reservoir, correspontedb°C and closed its communication with theexdbr, preventing
the thermal exchange between the reservoir andallector during the night.

A thermocouple of chromel-alumel was placed in ithterior of the considered alternative thermal resie to
measure the temperature of the water, anotherrotigeiexternal surface for the same measuring aother one to
measure the ambient temperature. The test consiftrmdasuring these temperatures, at each houngdall the night
to quantify the drop of temperature in the watessneontained in the reservoir. The temperatureshbad measured
using a digital thermometer.

O global coefficient of thermal loss (L) was determined through the parameters of the titmsa(1) (4).

Pos = r,.a, 1A (1)
Where:
P.us. .absorbed power for the collector (W)

T, - coverage transparent transmissivity,

a, - absortivity of tube painted in black

| - global solar radiation (W/m2)
A — collector area (m?)

P, =mc, AT (2

Where;
P, - power transferred to the working fluid (W);
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M - mass outflow (Kg/s);
C, - specific heat of the fluid — J/Kg.°C)
AT - difference of temperature of the fluid in thesigm (°C)

I:)p = I:)abs - RJ
Where:

P.us. -.absorbed power for the collector (°C)
Pp. - - lost power (W)

Upoee = 555
loss A(Tom—Ta)

Where:
Uess - global coefficient of thermal loss (W/mz. °C);

Tom - plate average temperature — (°C);
T, - ambient temperature — (°C).
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The thermal efficiency of the water solar heatipgtem was determined through the parameters Edation (5)
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Figure 3. System of heating in test.
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4. RESULTS AND DISCUSSIONS

Tables 1, 2 and 3 present the general averaget iasthiree days of tests and Figure 4 shows theeh
assumed for the measured thermal parameters.

Table 1. Average results for three days of testsnfiguration without coverage transparent.

TEST AT I nt TLOWER| Tu/4 T1/2 T3/4 TUPPER
DAYS  (°C) |(KW/m)| @) | (°C) | (°C) | (°C) | (C) | (C)
DAY 1 7,6 0,70 21,71 34,1 37,0 38,7 39,7 40,7
DAY 2 7,4 0,68 21,8 33,8 36,8 38,2 394 40,5
DAY 3 7,3 0,68 215 33,6 36,4| 37,7 39,0 40,2
AVERAGE 7,4 0,69 21,7 33,8 36,7 38,4 38,9 40,5

Table 2. Average results for three days of testenfiguration with transparent coverage.

TEST AT I nt TLOWER| T1/4 T2 T3/a TUPPER
DAYS °C) | (KW/m?) | (%) C) | O | (O | (O (°C)
DAY 1 8,8 0,71 24,8 39,2 41,5 42,6 43,1 43,8
DAY 2 8.6 0,70 24,6 38,2 40,9 42,4 43,5 43 4
DAY 3 8,8 0,71 24,8 39,3 41,2 42,5 43y 43,7
AVERAGE 8,7 0,71 24,5 38,9 41,2 42 5 43 4 43,1

Table 3. Average results for three days of testshfe two configurations studied.

CONFIGURATIONS AT I nt TLOWER Tv4 | T1/2| T3/4 | TUPPER
TYPE (°C) | (KW/m?) | (%) °C) () | (O (O | (O
WITH COVERAGE 8,7 0,71 24,5 38,9 41,0 43,434 43,7
WITHOUT 4
COVERAGE 7,4 0,69 21,4 36,4 36, 38}238,9 40,5
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Figure 4. Behavior assumed for the measured thgrarameters.

The average efficiency of the collector for the tbamnfiguration was around 25%, slightly below thajority of
alternative collectors, with thermal efficiency anal 30 to 35%.

The difference in thermal efficiency between the teettings was around 14.5%. In respect of the ¢eatpre
gradient there was a difference of 17.6%. The goméition with coverage was more efficient than dkieer without
coverage. This is due to a decrease in the exchbetyeeen collector and thermal environment, pravity the
transparent cover.

The variation of solar radiation was 3.0%, whictowh solar conditions almost identical to the tedlegs, a
necessary condition for a comparative analysis.

With respect to the temperature of the heated watas observed that there was a significant unifiytnand the
levels were higher than the temperature requiredhi® bath. After the seven hours of testing areeivaas mixed in
the tank resulting in a temperature of 38.8 ° Ctli@rconfiguration without cover and 42.4 ° C totwer configuration.
In this case the supremacy of the configuratiot widverage was 9.2%.

Despite the significant levels of temperature aldtive uniformity of the water, these parametens lbe optimized
through the use of two modules, with four tiles &8dabsorber tubes.

The heat loss of the system can be evaluated Ibylating the absorbed, useful and lost power, whesues are
shown below. The values of parameters used formé&iag the overall heat loss coefficient were meed in the
range between 11:30am and 12:30pm, period of constdiation at a day of appropriate solar condgioTable 4
shows the values of the parameters of heat lodsofibr configurations studied.

Table 4. Values of the parameters of heat losbdtin configurations studied.

Passoreer PuseruL PLossep
CONFIGURATIONS TYPES U
(W) (W) (W) Loss

WITH COVERAGE 552,8 276,4 276,4 45,0

WITHOUT COVERAGE 691,0 225,0 466,0 16,5
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The heat loss of the collector for the configunatwithout coverage was 67.0% in relation to theodtsd energy,
while the net power was 33.0%. This amount of hesg is quite significant compared to conventiar@lectors, but
not impossible to obtain hot water bath for lowanme households. The value of Uloss was much hitier that
obtained for conventional collectors, which wasentpd.

The heat loss of the collector for the configunatieith coverage has decreased significantly, cpoeding to
50.0%% for the energy absorbed, the percentagetgbower. Regarding the overall coefficient of Heas reduction
was approximately 64%, in spite of still greatergmiéude that the coefficient on the conventiondlemtors market.
This demonstrates the influence of the transpar@ver placed on top of the collector. This loss lsameduced through
a specific study to determine the thickness ofirtsalating layer and a better sealing of the cedliec

The results of the test to evaluate the thermatieffcy of the alternative thermal reservoir aresgnted in Table 4.

Table 4. Results of the test with the alternathernal reservoir.

ThaLF Tiower

TIME TwaTER T AMBIENT Tupper reservoir | reservoir
(HOUR (°C) (°C) reservoir(°C) (°C) (°C)

16:00 45,3 27,0 28,0 28,3 28,5
18:00 45,0 26,0 27,0 27,5 28
20:00 44,2 25,5 25,1 25,6 26,2
22:00 43,5 25,0 25,1 25,6 25,6
00:00 42,9 25,0 25,1 25,2 25,6
02:00 42,5 24,9 24,9 25,5 25,6
04:00 41,8 25,0 25,0 25,4 25,5
06:00 40,9 27,7 28,0 30,4 28,7
07:00 40,6 28,4 28,8 29,6 28,4
09:00 40,1 31,8 36,0 36,8 32,3
11:00 40,1 31,9 38,5 35,5 33,7
12:00 40,1 32,0 38 35,5 34,0
14:00 40,4 32,4 38,2 36,0 35,0
16:00 40,7 30,0 35,0 33,0 32,0

The shown data demonstrates the good thermal eaffigi of the considered alternative thermal resenibhad a
temperature drop, during the 24 hours, correspgntdird, 7°C This fall of temperature is inside of #verage pointed
for literature with respect to conventional thermeservoirs, of copper or inox, that they preseatties around 5°C for
the tested level of temperature. It is standed siilt, the price of the considered component, viasser for the
alternative reservoir than for the conventionaéresirs.

The temperature of the external surface of thervegewas well next to the ambient temperature migiall the night
reflecting a low thermal loss by the side of theer@oir. The temperature of the reservoir reaclsdes above of the
ambient temperature for the period where the resestarted to be warmed by the global solar rémfiaabsorbed by
the same, once that it was painted in black inler&fore, the most significant loss occurred inittferior part and/or
cover of the reservoir.

The mechanical resistance test of the considerednative reservoir did not verified damages tositsicture,
demonstrating its capability to support the coroegfing weight to the volume of water containedhia teservoir. It
didn’t presented occurrence of emptying, what fiegtits good gasket, also obtained through potyestsin.

Souza (2002) studied the degradation of PVC tukpsesed to the sun; demonstrating that a collecttr absorber
surface formed by PVC tubes presents life exceedingears.

The other element of the collector, fibercemeng aaiseful life well over that time. It is showretbfore that the
life of the collector would be more than 10 yeavkich demonstrates its economic viability.

The cost of manufacture of the collector was ardu$80.00 and the thermal reservoir had a cost arti$100.00
Therefore, the total cost of the heating systeminfsior to U$150.00, what it represents a suéfitly inferior cost to
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the necessary one for the manufacture of a corormitheating system. It is standed out that thdistucollector is
made to be used by low income populations, notgoeampetitive with the conventional system. Howewepresents
viability to be used for the considered end.

5. CONCLUSIONS

1. The studied collector presents viability of fsethe considered end;

2. The collector presents easy processes of manufaand assembly;

3. The configuration with transparent cover was Imomore efficient by having a lower heat loss

4. The heating system presents low thermal effigiehowever it revealed capable to provide hot wimethe bath
of a family with four people in the studied area;

5. The thermal loss of the collector is much highen the relative one to the conventional colles;tas expected,;

6. The most important characteristic of the congiddeating system is its low cost;

7. The studied heating solar system can contritwuttecrease the use of the solar water heatingdarincome
communities, being socialized the use of solargner
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