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Abstract. A solar alternative system for water lvggis presented. It's composed of a low cost atiéive collector and
an alternative thermal reservoir for hot water st@y. The collector box was confectioned in composititerial and
uses absorption coils formed of PVC tubes. Thervegefor hot water storage was confectioned of lkasgic

polyethylene drum used for water storage, coatdd aifiber glass confectioned cylinder. The funtiinciple of the
system is the same of the conventionally oneregignen of work is the thermosiphon for a volumesd liters of
water. The main characteristic of the system indbmesidered study is its low cost, allowing a largecialization of
the solar energy use. It will be demonstrated thermal, economic and of materials viabilities oé tbonsidered
heating system, and its competitiveness in relattiothe commercially available collectors. Relatagpects will be
boarded such as the PVC tubes susceptibility ofrthbdegradation and for UV.

Keywords: alternative solar collectorthermal degradationPVC tubes, low cost.
1. INTRODUCTION

Having knowledge tha42% of the consumption of electric energy in Brazé directed for the sector of building,
being 84.1% correspondent the companies and resideand 15.9% the public administration, with cigpheaching
13.8% of the of the income of the country and thsidential sector corresponds to 25% of the ndtienargy
consumption and the electric shower consumptidogger in a residence, corresponding to 25% andisiésreaches the
schedule of peak from 6pm to 7pm, correspondir)366 of the national energy demand, it's percethedimportance
of the study of renewed alternative sources totgtubes the electric shower in the hot water proécfor residential
ends (Souza, 2004).

The devices used for the hot water production tiinailhe solar energy are the low concentration ctals, divided
in two groups, the conventional and the alternatSagch collectors generally are constituted by eogsorber tubes,
absorber aluminum copper plate, glass cover andemaglass thermal isolation and absorb grid withfiguration in
parallel.

The heating systems generally are constituted oértfan a collector, generally in parallel, workingegimen of
thermosiphon or forced flow; for a thermal resenggnerally of copper or inox and tubes for thedwartion of heat,
generally of CPVC. Such systems have high initiataot being accessible to the majority of theypaipon.

This work also presents the thermal, economic drdaderials viabilities of a heating solar systeomposed of an
alternative collector constructed of a compositéemial based of gypsum, dusted EPS and wateruses PVC absorb
tubes, working in thermosiphon regimen and a bogrdelative of the degradation processes to thetisédes PVC as
absorber elements of radiation (Souza, 2000-2002).

Such collector has as main innovation the posgihilf its construction using only three elementhjch are: the
box, the absorber grid and the glass covering.afiserber grid is constituted of 12 PVC tubes ofd/jarallel through
the use of connector tubes of the same materia.tfirmal insulator of the collectors is the sammmosite with it
was manufactured, preventing, therefore, the uskeoivool of glass, harmful to the health of whadilas it.

2. LITERATURES REVISION

Alternative collectors are those that differ in stituent geometry, materials and elements in miato the used
ones in the conventional collectors confection. Ten objective of the study of alternative coltestis the reduction
of the manufacture cost once the cost of the sarae epresents 50% of the total cost of investriogracquisition of
a water heating solar system. Exactly having losgful life, the heating solar systems require higtial investment,
this explain the low tax of growth in the use ofascsystems for water heating in the world. Theealepment of
research is essential, looking for systems with tast and with significant thermal performanceadi©fari, 2002).

With these purposes, innumerable works have beeel@ged in the whole world, demonstrating that piesstic
solar collectors of low cost present ample viapilif use. Souza (2000, 2002, 2004, 2006) showedtiteemal,



economic and of materials viabilities of water sdlaating systems and analyzed also the inhergmaidations to the
use of the PVC when submitted to the solar radiadiod the heat.

Literature shows that the susceptibility to thermahsuming of PVC is accented when the attainméfgvels of
temperature above of 60°C in its surface. The Ugtra@ation also represents a restriction to theofiselar collectors
with PVC absorber tubes, once radiations with Wase length affect the tubes mechanical integ(®puza, 2004).

The conventionally thermal reservoirs used in Imgaslystems, generally are manufactured in staisikesd, and are
covered by steel carbon, for varied volumes. Thay loe horizontal or vertical, being constitutedtwd cylindrical
surfaces, an internal and an external one, havitgyden the same ones, a thermal isolation, gepaglass wool; of
high and low pressures, being low pressure the awmomic.

The alternative thermal reservoirs are very litlied in literature, being generally confectionedrigid plastic or
fiber glass. For being the most expensive constiteéement of a water heating solar system (regchaiues around
R$1.000, 00 for a volume of 200 liters, that iscusethe residential installations of small size}earches are essential
to the use of alternative materials for the reductf its cost. Such materials however have thanow the thermal
drum with low thermal conductivity characteristi€ an efficient thermal insulator, essential for tieeluction of the
warm water thermal loss, mainly for night and eanthe morning, periods of absence or low leveblwbal solar
radiation.

Souza (2003) constructed and studied an alternttisenal reservoir for a system of solar water ingatvith the
characteristics of significant thermal performariogy cost, good aesthetic and reduced weight. Tagnals used for
its manufacture had been: two levels of wood fogrihre internal and external cylinders; wood of 15fomthe bottom
and cover; glass fiber blankets for covering therimal and external surfaces, as well as the dempeand the cover;
placed thermal EPS (expanded polystyrene) as isdbetween the internal surfaces and external oh#®e tank. The
composite passed through a process of manual l&ioninasing polyester resin. Its volume correspaind®50 liters.

The results of the thermal tests had shown thelitiabf use of the alternative reservoir, of veénferior cost to the
available conventional reservoirs in the marketabper or inox, with cost at about R$ 400,00, wiepresents less
than the half of the values charged for such cotiweal tanks. The level of thermal loss was verytrie the limited
literature parameter, about 5°C of loss for a th24-hour, to a level of temperature of 45°C. $0o(2004) constructed
and tested another alternative reservoir that stetsiof composite material involving a polyethyleinem of 200 liters,
with thickness of 50mm. The thermal efficiency loé talternative drum was next to the presented pusly, however
it presented a large weight

Researching forms of attainment of a low cost Ingasystem are important. This researching of atiera systems
to make viable the use of solar energy and itsidensd end to become it accessible for a biggecgbaf the
population are being done in the scope of the Latboy of Solar Energy of the Federal UniversityRid Grande do
Norte. Amongst the studied collectors are the ctdles: parallel tubes forming a coil; in labyrintf, parallel plates
(sandwich type), formed of units of heating coresisof glass bulbs (carcasses of fluorescent lighisbhaving in its
interior PVC tubes).

3. MATERIALS AND METHODS

The heating system considered is composed oflectai with absorber grid formed by PVC tubes, amgdlel and
of a hot water storage tank. The follow one desxithe main characteristics of the collector, tlaénnelement of the
heating system and its processes of manufacturassembly.

The absorber grid of the collector is formed mkdéid in T 24 connections of %" PVC tubes forming #ntrance
and exit tubing and establishing connection betwbenl2 absorber tubes of the same material amdedéa. The box
is confectioned in ceramic matrix composite forngdthe mixture of gypsum, dusted EPS and water, medent
corresponding external dimensions of L = 2.10m, 834m and H = 0.17m, with internal area of Ai 8@m?2. It s re-
covered by a transparent plain glass blade of sporeding thickness of 3mm. It is formed, therefdog,only three
elements, differently of the conventional collestaiith five, which they are: box, absorber grid gaks.

The manufacture process of the alternative coligbt composes the heating system presents tloeviny stages:
. Mold construction;
. Application of the oil in all the mold interngérts;
. Preparation of the composite using the followiatips: 1.0 Gypsum + 1.0 EPS + 0.30 water in v@um
. Fulfilling with composite the space betweenititernal and external laterals and above the iatdyax cover;
. Drying box by direct exposition to the solarieditn;
. Assembly of the box in a metallic structure;
. Waterproofing of the box by implicating one ghaéxture of wood, cement and sugar;
. Opening the two punctures for the rank of thieagiwe tubing and water exit of the collector;
. Painting the box.
After the confection of the box the next step is #ssembly of the absorber grid and the colletitr followed the
following steps:
1. Cut of the PVC tubes;
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. Junction of the connection in T of PVC throuljé appropriate glue use;

. Coupling of the absorber tubes in the connestin using one PVC special glue;
. Test of hindrance of the absorber grid;

. Painting of the absorber grid;

. Placing of the absorber grid in the box of thkector;

. Placing of the transparent plain glass coveoifi@mm of thickness;

. Placing of the collector in a metallic structure

0. Painting of the metallic structure.

P OOOOUTRA,WN

The heating system functions in regimen of therpiosn, for a volume of water of 200 liters and wested to
evaluate its thermal efficiency, being raised paters that characterize it, necessary for the aisabyf its thermal
performance, as well as the susceptibility of theoaber tubes to reach the critical level for tlgibning of the
thermal degradation of the PVC tubes, around 60°@as measured the temperature of entrance artdoéxhe
collectors fluid, the internal and external tempar@s of the collectors, the temperature of theramel surface of the
absorber tubes, the temperature of the water ¢wtan the reservoir, the ambient temperature hadgtobal solar
radiation. Also the necessary time for uniformiaatof the temperature of the mass was measured.

Also the autonomy of the system was evaluated latiom to the number of days the system will beeatu
propitiate hot water in the ideal temperature fathbto a residence with four people. The baths wareilated from
7:00am, 12pm and 8pm, leaving 50 liters in the rttedrreservoir, which corresponds to the 2/3 ofhiggght. It is
standed out the simulation of the baths is morgcafithan what it happens in theality, therefore occurred without
mixture of the hot water of the drum with the celdter of the net. One another carried throughvtest to evaluate the
thermal loss of the drum through the measuremetiteofnass of water contained in the reservoir teatpee decrease
and its external temperature.

The temperatures of entrance and exit of the fhad been measured in the period between 8am and i8pm
intervals of 30 minutes; the temperatures of thikectwr and absorber tubes had been measuredeérvas of 15
minutes between 11am and 1pm; the temperatureedfuld mass was measured after eight hours oftiomiog. The
proposed heating system with an alternative calldstshown in the Fig. (1).

Figure 1. Water heating alternative solar systeoppsed.

The parameters that characterize the thermal effagi of a solar collector are the thermal efficieand the loss
global coefficient. For the determination of tlsd global coefficient was used Eq.(1). Also hedrbdetermined the
absorbed heat () by the system, the useful heat transferred toflthd (Quser) and the system lost heat {Q,
determined for the equations (2), (3) e (4), shdwfollow. Egs.(5), will be used for the deterntioa of the thermal
efficiency ( DUFFIE&BECKMAN, 1991, Bezerra, 2001efsolar, Gil, 2001).



U — (Tv-ap_ﬂt)l

loss (Tom=Ta) (1)
Where:
T, = glass transmissivity (%)

0, - plate absortivityf%).
n:=thermal efficiency (%).

To,m= plate average temperatuf€y,.
Ta = environment temperaturéQ).

Qups = 7,0, 1A (2)
Q, = mc, AT 3)
where:

m = p.Q = mass outflow;
c_= specific heat the constant pressure
p

AT = gradient of temperature of the fluid in the colte

Qp = Qaps — Q. (@)

— Q
7 = AL.JI ©)

Where:
Q. = useful total energy transferred to the work flurdkW.
| = global solar radiation, in kW/m

A = = collector area, in in

M = mass outflow, in kg/s.
¢, = specific heat of the water, in KJ/K@.
AT = temperature gradient between entrance and axtérwin °C.

With the values of the parameters above relatedtiieemal efficiency the collector it can be expréss the
equation (6).

— 0.021AT
=" (©)
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4. RESULTS AND DISCUSSIONS

Table 1 show to the data of effected test of 1° @ the alternative heating system in study, fednof the
alternative collector and thermal reservoir for tater storing.

Table 1. 1° day data of test.

TIME T ENTRANCE TexiT AT | N

(HOUR) °C) °C) °C) (Kwim?) (%)

8:00 - 9:00 30.0 40.0 10.0 0,65 0,28
9:00 -10:00 32.0 47.0 15.0 0,7 0,39
10:00 -11:00 34.0 49.0 15.0 0,75 0,36
11:00 -12:00 36.0 51.0 15.0 038 0,34
12:00 -13:00 38.0 51.0 13.0 0,78 0,30
13:00 -14:00 40.0 51.0 11.0 0,7 0,28
14:00 -15:00 42.0 50.0 8.0 0,65 0,22
AVERAGE 35.9 48.4 12.5 0.72 0.31

The data of the table shows that the values ofrdfaehed temperature gradient with the collector been
significant, considering the fact the system haly dn6 m2 of exposition area to the incident globalar radiation,
making possible the return of the water to therttardrum with temperatures always superior to tleal temperature
for bath, between 36.0 and 38.0°C. The signifidartof heating speed can be perceived demonstrétatgall the
water volume of the alternative thermal reservaswarm in levels above of those required for thib.b

The values of thermal efficiency had been compatiith the shown in literature for alternative eactior, although
they are inferior to the corresponding values dbnventional plain collectors, because they pitesgperior thermal
loss. The average ambient temperature in the itestvas of 31.0°C and the average radiation inptgod of the test
was inside the average foreseen for the Brazilianth¢ast, for the period of the year where theyasgaurred, in
09.03, around 700W/m2.

To evaluate the heating speed of the containeddliquass in the drum it was measured its temperatutbe

bottom, at ¥4, at Y2, at % and in its superior garta corresponding warm up time to a day, whiclues meet shown in
Table 2.

Table 2. 1° day data of test .

TIME (HOUR) Thotton Tua Tie T3 T above Tenv.
8:00 - 9:00 30.0 30.0 30.0 30.0 31.0 30.0
9:00-10:00 32.0 31.0 31.0 35.0 37.0 30.0
10:00-11:00 34.0 33.0 34.0 36.0 39.0 31.0
11:00-12:00 36.0 34.0 36.0 38.0 42.0 31.0
12:00-13:00 38.0 36.0 40.0 40.0 45.0 31.0
13:00-14:00 40.0 38.0 43.0 45.0 47.0 31.0
14:00-15:00 42.0 42.0 45.0 47.0 48.0 31.0

End of the Day 42.00 43.00 45.00 47.00 48.00 31.0

The values of temperature show that all the coathiiquid mass in the thermal drum present levefsperature
above of those ones ideal for the bath. They atgnahstrate that the system was capable to hetitealater of the
drum, in this ideal temperature, in only one daytest. This is an important characteristic for aewvdeating solar
system. After the test, the water of the drum whaksd to know the gotten average temperature, irgach
corresponding value 47.0°C.

To evaluate the system in the real condition ofcfioming, it was proceeded a simulation from théhban the
schedules of 7am, 12pm and 6pm, leaving 50 liersach test, and the results of the levels of teatpee for each
water withdrawal of the drum, before and after,slrewn in Table 3.



Table 3. Data of the test for the banns simulation

Day Twater before Twater after Hour

5/mar 47.0 43.0 18:00
6/mar 38.0 35.0 07:00
6/mar 44.0 40.0 12:00
6/mar 44.0 40.0 18:00
7/mar 35.0 33.0 07:00
7/mar 42.0 39.0 12:00
7/mar 45.0 41.0 18:00
8/mar 37.0 35.0 07:00
8/mar 43.0 38.0 12:00
8/mar 43.0 38.0 18:00

The data presented in the table demonstrate thatyftem had autonomy for three days of use, gemgtavels of
temperature in the water generally superior toidleal levels for bath. The levels of radiation $oich days had been
inside of the average foreseen for the Northeasbme for this period, around 700W/m2, on average.

To evaluate the thermal loss of the alternativearsabllector of the heating system one measuredethels of
temperature of inherent parameters to this pratedsare presented, in average values, in the &@ur

Twater entrance = 35°C Texternal glass=41"C Tenvironment=32C
Twater exit = 50°C / [ = 780W/m*

Tintglass=44"C

Textlat=4lg | | Tintlat = 47T Tintlat, = 47

< Tintair=45"C \ Textlat=43°C

Texttube=47"C

Tintbotton=30"C

Textbotton=37"C

Figure 2. Thermal loss parameters of the colleictstudy.

In relation to its average value, the temperatdrn® external surface of the PVC absorber tubes lvedow of the
temperature for thermal degradation beginning, mao®0°C, what it demonstrates that the use of AW« is viable
as absorber elements in solar collectors.

The necessary materials to the construction otttlector in study had been: 2.0 gypsum bags, 2 lohd=PS in
dusty. It was also used 24 connections in T of RW&4" and 30.0 meters of PVC tube of %". Its five¢ight was
around 80kg. Its cost of manufacture was around5R$D. The used product for the waterproofing efdbllector box
was a cement mixture, white glue and sugar anththased for its painting was the black synthetiarael.
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The results of the test to evaluate the thermadieffcy of the alternative thermal reservoir isgeneted in the Table

> Table 3. Test with the alternative thermal resetvoi
HOUR Twater Tenvironment Treservoir
16:00 45.0 27.0 29.0
18:00 435 26.0 27.0
20:00 42,5 25.5 26.0
22:00 41.0 25.0 26.0
00:00 40.0 245 255
02:00 39.0 25.0 255
04:00 38.5 25.0 26.0
06:00 38.0 27.0 31.0
07:00 37.5 28.0 35.0
09:00 37.0 29.0 37.5
11:00 37.0 30.0 38.5
13:00 37.0 30.0 38.5
15:00 37.0 28.0 35.0
16:00 36.5 27.0 32.0

The data demonstrates tl@nificant thermal efficiency of the consideredeatative thermal drum. It had a
temperature fall, during 15 hours, from the enthefafternoon and during the night, correspondeit%°C and during
24 hours equal to 8.5°C. This fall of temperatwgeaailittle above of the pointed one for literatuvith respect to
conventional thermal reservoirs, of copper or inthat present values around to 5.0°C for the tedtwdl of
temperature. For the more critical level that haygpduring the night, the loss was of 7.5°C, 50.0%atgr that the
reached with the conventional reservoirs, howewassdnot make impracticable the use of this typearfsidered
thermal reservoir, once although this is a sigaificincrease, the loss was low. It is standed siilit, the price of the
considered, very smaller in the alternative druamtthe conventional reservoirs.

This perceives that the temperature of the extesnghce of the drum was well next to the ambientgerature
during all the night reflecting low thermal loss time lateral of the reservoir. The temperaturehaf drum reached
values above of the ambient temperature for thmgevhen the drum started to be warm for the glcloddr radiation
absorbed by the same, once it was painted wittkbidc Therefore, the loss most significant occdrfer bottom and
in the cover of the reservoir. In respect to themamics of the considered alternative reservoicaitnot be verified
damages to its structure, demonstrating to suphercorresponding weight to the volume of watertaimed in the
drum. It did not have occurrence of leaking, whatttifies its efficient hindrance, also gotterotigh polymeric resin.

5. CONCLUSIONS AND SUGGESTIONS

With basis on the results of the tests with thetihgasystem during the survey of thermal perforneanzan be
presented the following conclusions, as well assipds suggestions for optimizations and future \goelfectuations
with alternative collectors.

1. The considered alternative collector presermmthl, economic and materials viabilities, althotlgy present
inferior levels of thermal efficiency to the contiemal collectors. Its cost of manufacture is vimlow in relation to
the commercially available conventional collectors;

2. The proposed heating system demonstrated visddfe for the considered use, which is the regidewater heating
for bath;

3. The alternative collector revealed itself resistin relation to atmospheric variations;

4. The main characteristic of the heating systensiciered is its big speed of heating of the maghinf. All the water
mass contained in the thermal reservoir is warnvalod the ideal temperature for bath for the fitay of test;



5. It can be proven that the composite used forctdrgection of the box allowed the collector todmmposed of only
three elements, eliminating the absorber plate thedthermal insulator, providing a reduction of thest of the
collector;

6. The new model of attainment of absorber gridugh the use of connections in T produced the e@sffect, not
presenting problems of leaking;

7. The temperature of the absorber tubes in tleenative collector was far from the critical le¥et beginning of the
thermal degradation process around 60°C. In whett sffect says respect to the thermal degradasidmightened up
by the black ink that it recovers the absorber $uhat contain black pigments absorber of ultratichdiation.

8. The thermal loss of the heating system was abbtlee pointed one for literature; however it vimgompatible level
with heating systems that use alternative collactor

9. The weight of the collector was high, needingstiody alternative forms using the composite caereid for the
attainment of a lighter collector. However, thissdmot bring restriction to its use therefore wihésinstalled could be
definitively static, without movement necessity;

10. The low cost of the collector represents a id@nable advantage in relation to the availableveational systems,
being able to increase the capacity of socialimatibsuch heating system. The alternative thermsénvoir revealed
efficient for the considered end and presents logt,cwhat it represents a considerable advantagelation to the
available conventional reservoir in the market.

11. It is necessary to make a deepened study,métle test days to have more real and comparatiglysis, what is
already in course.
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