Proceedings of ENCIT 2010 13" Brazilian Congress of Thermal Sciences and Engineering
Copyright © 2010 by ABCM December 05-10, 2010, Uberlandia, MG, Brazil

WATER HEATING SOLAR SYSTEM USING COLLECTOR WITH
POLYCARBONATE ABSORBER SURFACE

Luiz Guilherme Meira de Souza, Iguilherme@dem.ufrnbr

Dilton Sodré, diltonsodre@ifba.edu.br

Eduardo José Cidade Cavalcantieduardocidade@yahoo.com.br

Luiz Guilherme Vieira Meira de Souza, Iguilherme_suza@hotmail.com
José Ubiragi de Lima Mendesubiragi@ct.ufrn.br

Universidade Federal do Rio Grande do Norte

Abstract. It is presented a solar collector to be used ineating water for bath system, whose main charasties
are low cost and easy fabrication and assembly ggses. The collector absorber surface consistspaflgcarbonate
plate with an area of 1.5 m2. The water inlet andlet are made of PVC 50mm, and were coupled tone @hick
polycarbonat plate using fiberglass resin. A 20@r$ thermal reservoir will be used. This reserv@ also
alternative. The absorber heating system works utitgrmo-siphon regimen. Thermal parameters willdvaluated
to prove the feasibility of the studied solar hegtsystem to obtain bath water for a four peopiuifa

Keywords: Solar collector, water heating, solar, low cost.

1. INTRODUCTION

Over the past ten years the energy alternatives baen in evidence in connection with energy esfigéh more
developed countries. Aware that the world no longepports such aggression, it's important to seed find
alternative forms of energy generation, which doproduce evils as great as produced by fossikfuel

The solar water heating, the indirect generatioele€tricity through the use of solar concentratord the direct
conversion of solar energy into electrical energgotigh the use of photovoltaic cells representseexely viable
applications and its uses have grown exponentibynd the world, mainly in more developed coustrie

Brazil is a privileged country in relation to theadlability of solar potential. The brazilian nogthst has an average
potential above 700 W/ m, reaching a peak arouriD M//m2. These potentials place the northeast neg®a very
viable for deployment of any solar installatiors, their various applications.

According to the National Energy Balance (BEN), 2085% of electricity consumption in Brazil is dited to the
buildings sector, with 80,0% corresponding to besses and residences and 12% to public administratith figures
reaching 13, 8% of the country's gross domestidycb(www.mme.gov.br). The residential sector aotetdor 23% of
national consumption of energy and consumptionleftac shower is the second largest in a homeouwatting for
25%, second only to the refrigerator / freezer th&0%. Its use affects the peak hours betweed0pén and 07:00pm,
corresponding to 8.5% of national energy demartiatime (Santos, 2008).

These findings indicate that the importance ofaeiplg the power supply by the solar source for iabitg hot
water is mainly to reduce the consumption of cotieeal electric power, relieving the Brazilian eggmatrix.

This paper presents the thermal and economic fégsitf a system of solar water heating collectbat is built
with the use of polycarbonate plates. It is aimedk#aining hot water for residential purpose tplaee the electric
shower. Two configurations will be studied, nameigcoated polycarbonate plate and lined with ER®. Storage tank
is alternative and a cost well below the thermsaéreoirs used in conventional solar heating systems

2. BIBLIOGRAPHIC REVIEW

To promote the heating of water conventional artdriaditive collectors are used. The conventionalectrs
consists of a box of aluminum or fiberglass profigass wool thermal insulation, aluminum platecaber, copper
tubes absorber grid and transparent glass covakingoin thermosyphon or continuous flow using anpufor the
movement of the working fluid.

The alternative collectors are usually made of ntewith lower cost and have as main purposestitéalization
of water solar heating. Several generations ofratéve collectors using absorbing plastic tubegehaeen developed
and tested in the LMHES/UFRN.

The main objective of the study of these collectst® reduce the cost of manufacturing, searcttiagsocialization
of its use in heating systems for domestic and stréhl water. With this objective, several studiesre developed,
demonstrating that the low cost plastic solar abties have been studied since the 70s (Santos).2008

Santos (2008) presented an alternative water dwdating system consisting of one or two collectansl an
alternative water storage tank (also alternatiwéjose main purpose was to socialize the use ofygrterbe primarily
used by low-income populations. The collectors wesestructed using PET bottles, cans of beer add sod %2 "
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PVC tubes. These collectors consist of only threeents: pet bottle, cans and absorber tubes. $t sh@wn the
thermal, economic and of material viability of titedied collector.

Souza et al. (2008) had studied a new configurdtothe absorber grid of an alternative collestith PVC
pipes absorber surface, obtaining a series-pagtiglobjectifying an increase in the water tempee to propitiate
the attainment of a bigger temperature of the wiatéhre interior of the thermal reservoir.

Souza et. al (2009) presented in 2009 COBEM a lost beating system, to promote water heating firibg
in homes, in which the solar collector was manufiaxl using PVC plates used in coverage of enviromsndt was
demonstrated its thermal, material and economigilitia of the proposed collector, whose main innibma is the use of
recyclable materials, cans of beer and soft drittkg)crease the temperature of the absorber plate.

Souza et al 2009 presented in 2009 COBEM a heatiatem using a solar collector built with fibercense
tiles for to obtain heat water for bath. The systeperates in thermosyphon regimen and will be degtetwo
configurations: with and without coverage. It bk used a transparent cover of PET bottles. It wdlldemonstrated
the thermal, economic and material viability of ireposed heating system.

Bolera (2010) studied a solar collector for a syster heating bath water. The absorber surfacehef t
collector is formed by twelve 25mm PVC pipe. It waadied eight settings between absorber platalatisn boards
and EPS thermal reservoirs of 150 and 200 litelne. dbsorber system worked under thermosyphon.

3. MATERIALS E METHODS

The collector of the proposed heating system stssif a sheet of cellular polycarbonate, couplét wo
PVC tubes (32 mm) used to place food and wateepthd a low cost alternative thermal reservdie Polycarbonate
plate has a length of 1.50 m and 1.05 m wide. Tdilector plate was painted with matte black syrthehamel for
better absorption of solar radiation. It works unidiermosyphon regimen, and the heated water volarhg0 liters.

For the union between the plate and polycarbondiest for water supply it was made a tear in thegubsing a
drill and metal saw. To seal the union betweenttie surfaces (plate with the tubes) isophthaliérregas used as an
additive powder.

The alternative thermal reserv&iT 200 was made from a 200 liters polyethylene drum. TEmk was opened on
its top cover and was placed in a drum made i fijess with a thickness around 5.0 mm. The co¥é¢hereservoir
was built in fiberglass. In the space between tasidbelements EPS was placed.

The proposed heating system works under thermosyplith a volume of water equivalent to 200 literslavas
tested for the diagnosis of their thermal efficigrnto determine the flow rate it was considered #ilathe water in the
reservoir circulates through the collector, coroggfing therefore to a relation between the volufrth® reservoir (200
liters) and time to test the system (seven hours).

It was measured the parameters that are neededhdomnalysis of their thermal performance, as dls®
susceptibility of the absorber plate to reach ttitical level for the beginning of PVC tube thernagradation, around
60 ° C (Duffie, 1991, Souza, 2008). The collectaswilted by 15.5 ° S latitude.

It was measured the working fluid inlet and outlinperature, the absorber plate temperature augpoints,
temperature of water in the thermal reservoir atows points (lower, ¥4, ¥, ¥ and upper), ambientperature and
global solar radiation. It was also measured thee thecessary to standardize the temperature of watke thermal
reservoir.

The fluid temperatures in the inlet and outlet wereasured in the period between 08:00 am and Q#@0in
intervals of 30 minutes, the temperature of thdectdr and absorbers tubes were measured from 1% tminutes
between 11:00 am and 01:00 pm, period of maximudhcamstant radiation, which leads to the maximuss loy the
collector, the temperature of the water was medsafter seven hours of operation. The tests weronmeed on days
with good solar conditions, high rates of directl gfobal solar radiation and low cloudiness to\all® more realistic
comparison between different days.

The susceptibility to the beginning of the procetthermal degradation can be diagnosed throughetimperature
levels achieved by the external surface of absdthess, which should not reach 60 ° C.

The system was also evaluated with regard to thaboeu of days in which the system was able to petiot water
in the ideal temperature for bath for a four peapdence. The baths were simulated at 07:00 280 Jm and 06:00
pm, taking up 40 liters of hot water from the resér, through a registry located at 2/3 of its Hiffom its base.

The built water heating solar system has beendéestetwo types of configuration, for a volume 0B liters
storage tank. Figure samples the heating systepopeal.

A) SET |: SOLAR COLLECTOR WITHOUT THERMAL INSULATION+ RT200
B) SET Il: SOLAR COLLECTOR WITH THERMAL INSULATION + RT200
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FIGURE 1. Proposed solar collector test.

3.1. Determination of thermal parameters

The parameters that best characterize the therfficieacy of a solar collector are the thermal @&incy, the
power loss coefficient and the overall losses.

The heat loss global coefficient is a function #dfthe thermal exchanges occurring inside and datshe
system.

Uloss = U top+ U base (1)
Where:
Utop = thermal losses over the sink;
Ubase = thermal losses under the sink.
The loss coefficient for the cover (top) is givgndguation ) (2
U top }

he(plate-ambf v plate -amb)
Where:

hc (plate - amb) = convective coefficient betwdmméxternal surface of the plate and the ambiew/mz2.K.
hr (plate - amb) = radiation coefficient betweea éxternal surface of the plate in ambient air im&K.

To calculate the coefficient of convective heahsfar between the absorber plate and air, the iegqsathown
below are used.

V.L
R = Y 3
N, = 0665R, "?.Pr*’3 (4)
h, = Ny k (5)

L

Where:

hc = convective coefficient; g = Reynolds number for flow in a horizontal plates= air velocity (m/ s), L =
width of absorber platet) = kinematic viscosity of air (m/s2); Nul = Nussaumber, Pr = Prandtl number, k = air
thermal conductivity (W/mK).

The coefficient of radiative heat exchange betwibenouter surface of the absorber plate and thiamaent,
as Duffie & Beckman, 1991, can be determined usingation (3.13).

_ (Tie' ~Tarb)
Noe-any =516.10€ o= 5 6)

Where:

Tplate = external temperature of the plate in Kimba= ambient temperature in I€, =0.9

plate
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The losses from the sides are considered negdigibe to the small thickness of the absorber plelbich has
negligible side area. A simplified way to obtair tlhsses from the base of the collector is to cardihe flow of heat
coming out of the system by conduction throughitiselation and calculate the overall coefficientheht loss for this
situation, according to equation (3.14).

U —_1

base ~ “eps )
Keps

Where:
€ps= insulation thickness, mgj = thermal conductivity of insulation, W/mK

3.1.2. Determination of thermal efficiency

R, =mc, AT (8)
P,
I

e ==

Pu = total power transferred to the useful workingl, in kW, | = solar radiation in kW/m2.
A = area of the collector, in m2, m = mass flovk@V/ s.
cp = specific heat of the water, KJ / kg °, = temperature gradient between inflow and outfedviuid, K.

)

4 RESULTS AND DISCUSSION

It will be presented below the general hourly agerdata for the three days of tests performeddoh studied
configuration.

4.1. Results of thermal parameters for determininghe thermal efficiency of the collector studied.
4.1.1. Configuration | - Uncoated collector + RT200
The following table shows the mean overall thregsdaf tests to setup | - POLYCARBONATE PLATE + RTR0

TABLE 1. Hourly average data for testing the couafafion I.

Te Ts AT Ig nt
Time (°C) (°C) (°C) (W/m?) (%)

08:00am - 09:00am | 30,2 437 13,5 796 35,6
09:00am - 10:00am | 31,5 46,5 15 859 36,7
10:00am - 11:00am| 32,5 49,5 17 905 39,4

11:00am - 12:00pm| 33,7 52,5 18,8 999 39,6

12:00pm - 01:00pm| 35,3 53,2 17,9 947 39,7

01:00pm - 02:00pm| 37 54,3 17,63 881 42,0
02:00pm - 03:00pm | 39,2 53,3 14,07 698 42,3

Average

16,3 844,3 39,3

The outlet temperature of the collector was alwalysve 40 ° C, with the highest hourly average amarof
54.3 ° C. The inlet temperature in the collectothia early tests has always been nearly equabtm temperature.

The collector was able to provide hot water atehd of the day, with temperatures far above thesidened
ideal for swimming, which is between 34 and 36 ?HDs demonstrating possible in 1 (one) day oparab achieve its
goal, and even thermally efficient as conventiamlectors.
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The average efficiency of the collector in this figmration was approximately 40%, slightly beloweth
conventional collectors, but even above some altamm ones, with thermal efficiency around 30-35bhis level of
efficiency was expected because the collector basamsparent cover to minimize convective andatadé exchange
with the environment and is not contained in anletgd box.

The average solar radiation for all test days wamaimately 850 W / m2. It was selected days ef o no
cloudiness to the characterization of solarimetaoditions close to every test day.

TABLE 2. Water temperatures at different pointshefrmal reservoir for the configuration I: Uncoatadlector

+ RT200

. T Fundo T Ty T Topo
Time (C) (°C) (C) (°C) (°C)
08:00am 28,0 28,6 28,9 32,3 37,2
09:00am 29,1 30,00 31,3 35,1 40,5
10:00am 30,5 31,5 33,00 36,7 40,9
11:00am 32,0 33,3 37,6 39,9 43,0
12:00pm 345 37,2 41,0 43,7 46,1
01:00pm 36,5 39,9 438 46,5 47,6
02:00pm 39,5 40,5 45,2 46,9 47,7
03:00pm 40,5 41,5 45,5 47,2 47,9

Water temperature in the storage tank at 03:00pm after mixed =45.1°C

In relation to temperature levels measured at varfmints in the thermal reservoir, it is perceitteat they were
well above average levels required for bath (betwgé and 36 ° C). The difference between the higbemperature
level, on top of the tank and the lowest at the, lomrresponded to 18%, and the difference betweemetmperature of
the temperature on top and in the middle was ardué which shows that nearly all water in the drwas near
uniformity desired.

The measured values show that the temperatureslefehe absorber plate on the top surface exptusedlar
radiation for this configuration were very far frdatre critical level for initiation of thermal degtation, around 60 ° C.

4.1.2. Configuration Il — Coated collector +RT200
Followig table shows the average results of thesedays foconfiguration II.

TABLE 14. Hourly average test configuration |V Data: Coated collector +RT200

Time Te Ts AT Ig nt
(°C) (°C) (°C) (Wim?) (%)
08:00am -
09:00am 30,5 45,1 14,6 796 38,5
09:00am -
10:00am 31,5 492 17,7 859 43,3
10:00am -
11-00am 33,1 53,2 20,1 905 46,6
11:00am -
12-00pm 345 55,3 20,8 999 437
12:00pm -
01:000m 36,2 57,3 211 947 46,8
01:00pm -
02:000m 38,5 57,5 17,63 881 42,0
02:00pm -
03-:000m 40,5 56,3 14,07 698 42,3
Average 18,0 844,3 43,3

The outlet temperature of the collector was alwaysve 45° C, with 57.3 °C being the highest recdueurly
average. The inlet temperature in the collectdhéearly tests has always been nearly equal 1o temperature.
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The collector was able to provide hot water ateghd of the day, with temperatures far above thesidened
ideal for swimming, which is between 34 and 36 tH0s demonstrating possible in 1 (one) day opmnat achieve its
goal, and even thermally efficient as conventiamlectors.

The average efficiency of the collector in this figmration was approximately 40%, slightly beloweth
conventional collectors, but even above some altem ones, with thermal efficiency around 30-35Phis level of
efficiency was expected because the collector basamsparent cover to minimize convective andatadt exchange
with the environment and is not contained in anletgd box.

The average solar radiation for all test days wasaimately 850 W / m2. It was selected days ef lwor no
cloudiness to the characterization of solarimetdnditions close to every test day.

TABLE 13. Average temperatures in various partthefthermal reservoir for the test Configuration Goated
collector +RT200

me | @ | @ | e
08:00am 30,1 30,5 31,0 33,3 36,2
09:00am 31,1 31,8 34,7 38,6 40,5
10:00am 32,5 33,5 35,50 39,4 42,9
11:00am 34,2 35,3 39,6 43,1 45,3
12:00pm 36,5 40,1 43,0 46,4 48,8
01:00pm 38,4 41,5 45,6 48,5 49,4
02:00pm 39,6 42,3 46,5 49,1 49,2
03:00pm 41,0 43,1 47,5 49,1 49.2

Water temperature in the storage tank at 03:00pm after mixed =47.0°C

The measured levels of temperature at various gamthe thermal reservoir were much higher thaerage
levels required for bath (between 34 and 36 ° @ Tifference between the temperature level highertop of the
tank and the lowest at the low, corresponded to,208d the difference between the water temperatutiee top and
middle was around 3.5% which shows that nearlyvater in the drum was near uniformity desired.

The temperatures of the external surfaces of thgempnd lower absorber plates were measured tssasse
susceptibility to degradation by thermal and widet radiation. Figure 4.1 shows its values f&TSP I.

4.3. COMPARISON BETWEEN MEASUREMENT CONFIGURATIONS

The Table shows main results for the two generafigorations studied: polycarbonate plate with anthout
thermal insulation.

TABLE 14. Generals results for the two configurasastudied.

TYPE AT I nt Tootom  Tua  Taz  Taa TOp  Tmixure
(°C) (KwWim’ (%) (°C) (°C) (°C) (°C) (°C) (°C)

WITHOUT
INSULATION + RT200

163 0845 303 405 415 455 472 479 O

WITH INSULATION +
RT200

WITHOUT 099 09 09 09% 097 096
INSULATION / WITH 0,9 0,8
INSULATION

180 0844 433 4,0 431 475 491 492 47,0
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The figure shows the levels of average temperaifitee fluid at points inside the storage tanktfoe two studied
configurations at the end of the test, at 03:00pm.

H| | P I IU|T|up= 4?,90(: H| | . | |||T|“F= 49,2°C
o fr1. = Ertrada quente a f} +— Ertrada quente
=1l Tru= 47.2°C =1l Tou=49,1°C
Saida querte [4 Lo ¥ sé Saida quente [4 5o ¥ sé
B B |z Tmistura = 47,0°C
&: I Tmlstura =451°C| a’,r Tia= 45.5°C &: P g Tie= 47 ,5°C
: 1 B .' 1 v |
e P ‘* Tw=41,5°C e ‘* Tw= 43,1°C
i) Tnee= 40,5°C e Trunee= 41,0°C

FIGURE 2. Levels of average temperature of thalfatipoints inside the storage tank.

The entire volume of water in the tank is far abtve thermal optimum temperature for bathing, fog two
configurations studied, demonstrating the viabitifythe proposed solar collector to provide hotendbr a four people
family. It should be noted that withdrawal of watercurs through the upper reservoir which is araperature higher
than that contained in the tank bottom.

The configuration with isolation showed a bettesrmal performance and considering that the argplhicing
the insulation is negligible, about $ 12, is therefthe configuration that offers the best costefienAlthough the
configuration with insulation has shown better parfance, the other configuration that was alsoistltiad results
that were only 4.0% lower. Therefore, the two cgufations studied have potential use for this psepo

With regard to surface temperatures and lower quitege of polycarbonate, the table shows the valoeboth
configurations.

The temperatures of the external surfaces of thgempnd lower absorber plate were measured to sasses
susceptibility to degradation by thermal and ulii@et radiation. Table 15 presents their valuetht configurations |
and Il.

TABLE 15. Average temperatures at various pointshensurface of absorber plate.

TYPE e Wiz T

© © ©

WITHOUT INSULATION + RT200 42,6 41,7 32

WITH INSULATION + RT200 47,03 39,0 33
WITHOUT INSULATION /WITH INSULATION 0,9 08

The results of the measured temperatures on thegrblonate board evidenced that the initiationhefrmnal
degradation process has not been reached anchéhatsulation provided better heat transfer betwikgd and plate
stock. Degradation by UV is softened by the malaelbpaint applied to the plate.

Because the insulated configuration showed a hitfemal efficiency, it was chosen for the simulatitest
facilities.

4.4 Bath Simulation

To evaluate the system in its real condition ofraien, a simulation was proceeded through thedsitival of a
certain volume of hot water at the following timé&3:00am, 12:00pm and 06:00pm. For this, it wasl @aseecord set at
¥ of the tank from the base, it was withdrawni&rd of water and then the same amount of colémabs dropped
in the reservoir. Table 16 shows the obtained datang the bath simulation tests.
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TABLE 16. Data simulation facilities in the Settingcoated collector +RT200

Temperature of hot Temperature of Ambient i
Day | watercomingout Coldeater that | Time | Temperature Solarvlsladzlatlon
eC) enters (°C) (°C) (Wim?)
17/03 47,5 41,6 18:00 27,2 .
18/03 36,8 33,5 07:00 26,7 262
18/03 47,6 44,1 12:00 32,8 988
18/03 40,8 38,5 18:00 28,3 _
19/03 36,1 33,2 07:00 26,8 124
19/03 39,5 37,0 12:00 31,8 980
19/03 413 39,7 18:00 28,0 _
20/03 34,6 33,2 07:00 28,8 148
20/03 41,2 39,1 12:00 324 758
20/03 40,9 38,7 18:00 28,9 .
21/03 34,1 33,0 07:00 28,1 195
21/03 41,1 38,8 12:00 32,1 654
21/03 40,5 37,9 18:00 28,8 _
22/03 34,1 32,8 07:00 29,2 108
22/03 41,7 39,9 12:00 32,6 1019
22103 39,7 37,2 18:00 28,9 _
23/03 33,8 31,9 07:00 29,5 200

The data shows that with the exception of marchh23 showed a temperature of 33.8 °C at 07:00 aralli
other days and times the levels of water tempezatiare compatible for the bath thus exhibiting aatay to 5 (five)
days. These results were important, mainly becabiske low cost of the studied heating system, easging again
that this system has significant behavior for dexbdbr without collection boxes and glass coverage.

Using the equations presented previously it wasutatled the global coefficient of thermal lossel®sd, being
an amount equal to 16 W / m2. K, much higher thendnes found on conventional collectors availabléhe market,
around 6.0 / m2, K. But it does not preclude the afsthe proposed collector. It highlights the optfor a low cost, no
box store and transparent cover collector as atwaypcialize the use of solar energy for residémtier heating.

4.5 Costs of heating system

For the manufacture of the proposed system the maierials used were: plate alveolar lining palgoaate,
PVC pipes of 1 % "and %" knees ¥ "connections, ,gRMC, EPS, plastic adhesive, matte black enamigit,pa
isophthalic resin and others. The manufacturing ocbshe collector was R $ 152.00.The manufactudpgt of each
thermal reservoir built was around $ 300.00 (Sar2688). The total cost of the alternative wateatimg system was
R$ 452.00. It was not tallied the working cost.

5. CONCLUSIONS AND SUGGESTIONS

1. The solar heating system proved to be viabledeidential heating water for a family of four péa Its
manufacturing cost is around £ 350.00 (U $ 1754%) below in relation to conventional collectorsneoercially
available;

2. The system was easy to manufacture and assewitiyjow weight and easy handling of the collegtor

3. The two configurations studied proved to be ldbr the proposed end, but the setup with isotatvas
more efficient;

4. The heating system tested has a low cost adyarmtad can contribute significantly to the socatlin of
the use of heated bath water using solar energy;

5. The alternative thermal reservoir showed itdelfbe feasible for suits used in heating systentee T
temperature at the bottom of the barrel was closthé¢ upper level, which demonstrates the significdegree of
heating provided by the alternative proposed hgatystem;

7. The temperature of the PVC absorber plate wadswbéhe critical level for initiation of the therra
degradation. With regard to degradation by UV sefféct is mitigated by the matte black paint thaters the absorber
tubes. It contains black pigments that absorb vititet radiation;
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8. The studied heat loss is much higher than owvemional collectors, but it can be emphasized that
collector has no transparent cover, which signifisereduces heat exchange between the sink anehtfionment;

9. The insulating material placed on the lower atgfof the absorber plate was efficient, but itdsessary to
study a way to reduce its exposal to minimize tlegivironmental degradation processes without afiethe basic
characteristics of the collector, low cost and easyufacturing process and assembly;

10. One problem encountered in the fabricationuchscollector is to avoid leaks. It was studied saptions
for the coupling between the Polycarbonate andPW€ plates, which must still be optimized;

11. The heating system showed significant autonowhjich can be increased with the construction of a
collector or even a larger area with the use oftearacollector in series. It will also be studiéé tonnection in parallel
for better heating rate, without significantly iresing the cost of the system, since the costeqgbltites is low;
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