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Abstract. It is presented a model of two subsystems of @ke8btlar Tower to produce steam in applicationfiédp in
energy consumption. The first subsystem consis?d bliostats constructed of adaptive and mobi¢alrstructures
to track the apparent movement of the sun on @asf@nd covered by 96 layers of mirror of 150 mmwidth and 220
mm at length, totaling an area of concentratiorB& m2. Thereby obtaining optical parameters esaktu reflection
of sunlight by the reflector surface and absorptodrthis light by focus located in the light reaaiywhich is inserted
in the second subsystem, which is at the top ofrert The tower was built in galvanized iron abdesupport the
absorber, and a gas cylinder to cool the equipm@&he area illuminated by the sun was 9 x 10-2mediig a
concentration factor of 35.22. It will be shown {r@cesses of manufacture and assembly of the Géniral Tower
proposal, which has as main characteristics thestattion and assembly facilities, in addition sxuced cost. Data
of tests to produce water vapor parameters are gmted and determined to diagnose the efficiendgheomini-solar
central tower. It will be demonstrated the thernedpnomic and material viability of the proposesdtsyn.
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1. INTRODUCTION

Depending on the energy crisis and the problemlaliag warming it appeared a need to pick up a pceerce
that could minimize the problems arising from thitsiation. This paper demonstrates the feasihilitysing a tower to
a possible generation of electricity from the samenvironmentally correct alternative, where noayadall developed
nations seek technologically and economically \@adblutions to replacement of fossil fuels for rmegthe energy
demands of mankind.

Are present, construction, assembly and removabpaance of a model of two of the four subsysterharo
existing Central Tower, having low cost of manufetand the need to operate under solar appromtatditions,
which work in periods and in regions of low or foutliness. This prototype was produced to conwear £nergy into
heat, with the future prospect of using the steaulrive a turbine that can handle an electric gaoetto convert, then,
heat in power. It can also be used simply as hedtoa spray water for commercial, industrial andusehold
applications in rural and urban areas.

The heliostats of the proposed system has beegrasbifrom the experimental results obtained withoues
models, choosing the one that had increased efigieand simplest manufacturing processes and &bgeirhe
determination of geometric parameters of the sydtamalso been through preliminary tests that tottkaccount the
optical processes in the capture and reflectiosuafight.

The proposed model presents area of reduced uptakeises three rows of heliostats, each one wgiht einits,
for a better guide to the reflected solar radiattona punctual focus, which is located in an absopainted of matte
black and thermally insulated on its not illumirthfEart, so to avoid the loss of heat by convedcaiod radiation.

To demonstrate the feasibility of using the cerlitééd tower were examined some parameters to shevefficiency of
a solar system for the production of steam, suckeagperature of the absorber, temperature of vimtiing,
temperature of the thermal insulating used anti@&nvironment, amount of steam generated andribet dolar
radiation.

2. BIBLIOGRAPHIC REVISION

Concentration Thermosolars Systems (CTS) converditrect component of solar radiation into anotkiad of
energy, for their immediate use or storage. The Cdfsists of three systems: the central receivetesys (CRS) or
tower systems, the disks parabolic (PA) or disodingls and cylinder parabolic collectors (CPC).eTfirst two
concentrate solar radiation on a point (focus poitereby obtaining higher temperatures compaoethe last that
concentrates on an axis (linear focus). These mgstre used to direct radiation, clear sky andloadccover. They
are some solar systems Terms of concentration ($T@peration around the world. Figure (1) projskhbws high
concentration, used in countries around the wdrilthg, 2008, Lion, 2007, Queiroz, 2005):
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Figure 1. High-concentration, in operation.

Among the most recent scientific work developethigmworld, and which were presented at scientifiengs in the
field of solar energy, are:

Martinez, moia and Pujol (2008), developed a hubwa&frage temperature, fixed reflector and mobitei$o used
as a mesh of 32 evacuated tubes with a total ogefi@4 m2 and a maximum range of focus around @,i8 hoped
this project to obtain an average efficiency ofus 40% (compared to a radiation incident direttlya latitude of 39
°) at temperatures between 120 and 150 ° C.

Aguilar, Calama, Acosta, Cusevas, Hernandez, Jhoarand Rabaco Pérez-Flores, (2008), built a chhof
parabolic solar collector, with a width of 1.06 mdaength 2.44 m, with focal length of 0.26 andadsorber tube of
19.05 mm in diameter.

Rolim, Fraidenraich, TiBA and Vilela. (2008) deve&ul an analytical model of a solar thermal sysieigenerate
electricity with linear focus parabolic concentratolt is currently the technology of generatindgas@lectricity with
more experience in the world. It is being used donulation of operation and annual snapshot of siesy to be
installed in the city of Ouricuri, Brazil.

Filho, (2008) built and analyzed a cylinder-parédobncentrator for steam production, changingdinee of the
prototype using conventional observations madé&énprocesses of capture and simulation of refleatiorays. It was
shown the thermal viability, and economic hub & situdied materials.

3. MATERIALS AND METHODS
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The proposed central tower model has as main fe#iteruse of a clean and inexhaustible energy, ahanu
mechanism following the action of the sun, conain of spot focus, adjustable concentration faatal easy
assembly and manufacturing processes.

3.1. Processes of manufacture and assembly of thénirtower system
For the manufacture and assembly of the mini cesddar tower it was used the following procedures:
3.1.1. Project of size and design of the field dfirrors:

Each mirror of heliostat, with 2 mm thick, is conspd of four segments of mirrors with length of 28t and
150 mm in width. Thus, the field to capture sokdiation comprising 96 mirrors has a catchment aféa2 m2. The
field of heliostats was designed to consist of éhmews each one with 8 heliostats. The rows hagmiies from the
tower of 2, 3 and 4 meters respectively, totalidd2liostats.

Using the equation described by Simmons (1925)hadield of mirrors have similarity to the geomyetf plane
curves, drew up in scale, the profile of the threreves heliostats that together form the catchrasrd of the proposed
system. For distances of rows of heliostats upttveer it was determined the distances to the sawoasf that
correspond, respectively to 3.10, 3.82, 4.65 metgosit was determined the position of each heliosh its focus,
based on the design of concentric curves to the saqis, for subsequent construction of the field.

3.1.2. Manufacture of support structures of heliosdts cutting and fixing of mirrors

The mobile pedestals, structures for setting mermere made by using scrap iron properly weldedaalagpted to
allow regulations to follow the apparent movemefrthe sun. Areas to set the mirrors were madedhgeswvay,
including four sections to facilitate the targetiigthe four mirrors toward the absorber.

The mirrors were cut using a professional glastecuGlue was used in the setting of the contagineaits of the
mirror on the surfaces of iron and after the tiraquired for drying, the mirrors were set, conclggditherefore, the
assembly of the reflecting surfaces of the propesedel. The metal parts of fixed structures weratpd, targeting to
minimize the degradation due to its exposure toptienomena of nature. Figure (2) shows the streiaitia heliostat
and Figure (3) shows the heliostat in its finahfior

E o

Figure 2, Structure of Heliostat. Figure 3. Heliostat mounted.

3.1.3. Targeting of heliostats

After the assembly was done a simulation on tHecthg surfaces. It was found that there were gapise
segments of reflectivity on mirrors segments, raatsing the direction of reflected rays to focuse phoblem was
solved for each individual heliostat. Figure (4pwis the reflection of sunlight in the four mirraa heliostat for a
single focus.
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Figure 4. Targeting of heliostats.

3.1.4. The receiver and the tower

An empty cylinder of 240 mm diameter and 290 mnhéight, was used as an absorber of the proposéehsys
Was cut in half and parts connected with soldevaat concave-convex, to reduce its internal voluiifee area was not
illuminated with a thermally insulated composit®guced in LES / UFRN, a basis of plaster, cememnisteed EPS,
scrapings of tire and water, to minimize the thdriosses.

The cylinder was painted with matte black to bettiesorb the incident rays. Its alimentation was eriaygl gravity
through a hole located at the top of it.

The absorber was fixed on the tower through a nsttatture. For the construction of the tower iswased a rod
of galvanized iron of 2.37 m. The tower can be resabfrom its tripod, attached by adjustable stedles. It is left is
an area of 4.0 cm between the bottom of the absarizkbthe top of the tower to prevent the lossaaithby conduction.

The ground height of the center of focus was 2.70me structure of the tower was painted to minareffects of
corrosion due to its exposure to phenomena of eakigure (5) shows the absorber positioned atojp@®f the tower.

Figure 5. Absorber at the top of the tower

3.1.5. Positioning of heliostats and tower

The heliostats were positioned so that the absonleee raised and that there was no blocking or isgadf
sunlight on each other. This evaluation was peréariroughout the day, avoiding reflexive lossdwe @xis areas of
heliostats were positioned in the north-south dioecand the reflecting surfaces oriented to thet-gaest to follow the
apparent movement of the Sun. The subsystem Towakserber was slightly to the south. Figure (6)wahthe field
even with some solar shading and Figure (7) tHe &iFeady well positioned in its final format.

Figure 6 Field with solar shading Fzue 7. olar field,

3.2. Experimental Procedure

Before being operated all heliostats, with fourelesyof mirrors, were previously adjusted to obtafbcus spot.
The system was tested in two configurations: waidl and without load. In the loaded configuratiie, system
was fed through a funnel made in PET bottle attd¢bea hole made at the top of the absorber.
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It was used four cromel-alumel thermocouples, httddo a digital thermometer to check the tempesadata. A
thermocouple was attached on the front of the dlgsdn the center of the area illuminated by the, sunother in the
mediation center, inside the absorber, where thid fias under review, the third in the insulatiow dourth to check
the ambient temperature. It was also used a pyrateymbuilt in LMHES / UFRN, which was coupled tadmital
multimeter to measure solar radiation.

It was also measured the amount of water spraygdive hours of operation of the test by the votuad water
for replenishment. Consumption of tests performedng the verification of the amount of evaporatedter, to
control the flow, we used the device of measurirgtime required for one liter of water to evaperat

3.2.1. No load test

The heliostats were regulated every 15 minutes fperfect direction of the rays reflected by theaaber. It was
measured the global solar radiation and temperafiutee absorber in the illuminated area and ofeindronment.

3.2.2. Tests with load

First the absorber was filled with 2.5 liters oftera in breaks of 15 minutes, and the heliostatewet up towards
the sun, so the absorber is illuminated by rayghRafter it was measured the solar radiation angperature of the
absorber in the central part of the illuminatedaaead the temperature of the water. Then it waskdtk the
temperature in the isolated area. It's understbad the water boils in the exit hole made in thenfrand top of the
absorber, because the fluid is expanded to rededat. The receiver was refueled approximately feédnto 40
minutes, to maintain the level of water. FiguregBdws the mini-tower in central test.

Figure 8. Mini-central solar tower in test.

3.3. Heat Balance

According to (Fraidenraich, 1995; Queiroz, 2005ph\2007), the process of converting sunlight diyeicito heat
passes through two stages, as follows: In the §i@ge the solar radiation is captured by a surédceapture and
reflected to the absorber. In the second stagsdta radiation absorbed by the absorber is tramsfe¢o the working
fluid by convection and the air by convection aadiation. Figure 9 shows the layout of the termveosion of solar
energy.

Solar radiation

Lbsorption and
thermal conversion of

solar radiation

Flmd

REFLECTION | =—= Absorber

M= M

Figure 9. Schedule of the term conversion of setargy.
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Initially solar radiation is captured by means efitistats areas and reflected to the absorber.t Ritgr the solar
radiation is absorbed by the receiver it is tramefto the inside of it where the fluid (water)wdbrk is, and then by
convection to the water and is lost to the air bgvection and radiation.

So, to evaluate the efficiency of the system ihézessary to calculate the maximum absorbed pdherlost
power, the net power, thermal efficiency, effeatiess and helpful optical efficiency.

3.3.1 Maximum power absorbed.

The maximum power that reaches the absorpgd,(given in (W) is the energy that enters the systas
determined by equation (2):
Pabs=la. Au.p . Kig. 0 2)

Where (Id) the instantaneous direct solar radiatinlfected by the system of abstraction (\f)/nfA,) a floor area
of the catchment area fn (p) the reflectivity of the concentrator (%) (krd)etfiraction the reflected radiation that
reaches the absorber (%) ang {s the absorptivity of the absorber tube (%)

3.3.2 Power loss
It's said that the total power lost{R;qJ is the energy leaving the system and is due tw@ction from the surface

illuminated and isolated and the radiation from theface light and isolated, so the heat lossesregpeesented
respectively by equations (3 ) and (4). So the pdass and represented by equation (5)

Peonv = Piconv + Pisazony = N (A)) (Tabs~ Teo) 1 (Aiso) (Tavs~ To) (3)
Prad = Pirag+ Pisrag = €6 (A) (Tavs - Tuiz) += €6 (Aiso) (Tars - Tviz) (4)
(Pios) = Peony +Prag (5)
Where P, is the power lost by convectiqv), (Pi,,,) the power lost by convection by the illuminatedeaoé

the absorbe(w), (Pisacony) the power lost by convection by the area isolatethe absorbeqw), (h) the coefficient of
heat transfer (W/APC), (Ay the area illuminated by the reflected radiatio)(rfAso) thermally isolated area (A,
(Tas) the absolute temperature at the focus of therbbsdK), (T.,) the air temperature (KIPrad) the power lost by
radiation (W), (Pi.q the power lost by radiation by the illuminated aoéshe absorbew) (Piso,q) the power lost by
radiation the illuminated area of the absorkgy), (Tvi.= T.) the temperature of the neighborhood (kg) &nd the
emissivity of the absorbes) is the Stefan-Boltzmann constgBt67x10°W/m?. K)

To calculate the coefficient of heat transfer, daiae the following parameters: Prandtl number)( Reynolds
number Rep), and the Nusselt numbéNup), because the second Incropera, (2003), with tlevledge ofNu, the
local convection coefficiertt can be found using equation (8) and the convegtbxeer can then be determinédl is a
parameter that accounts for the thermal boundamrlavhich represents the coefficient of frictiorr fioating speed
limit, being determined by equation (6) and Reysaldmber represented by equation (6).

Rep=V.D/ v (6)
Nup = 0,3+[0,62(Rp)"A(Pr) YI/[1+(0,4/Pr)*** [ 1+( Rp/282000§9*° ©)
h = Nup, k/ID (8)

Where ) is the air speed (m/s)DJ the diameter of absorber (mp) the kinematic viscosity of air (nfjsand K)
the thermal conductivity of air (W/m. K).

3.3.3 Net power

The net power (§ system is the difference between the maximum pabeorbed and lost power, represented by
equation (8).

P, = Pax — Pios (9)

3.3.4 Useful Efficiency
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By Figure (14), we noticed that the useful convarsefficiency(ny) of the whole process of converting solar
radiation into heat, is a parameter that determihepercentage of all the radiant solar energyréreches the reflector
surface and is transferred for the working fluid, it depends on the efficiency of the opticakeysfor capturing solar
energy (no), represented by equation (10) of the catchment anehthe thermal conversion efficiency or thermal
efficiency (nt), given by equation (11) of the absorber, once wetlgeuseful efficiency of the process represented b
equation(12):

The optical efficiency is a parameter that calagahe percentage of radiant solar energy thahesate reflector
surface and is sent to the absorber. This is tbered percentage of optical losses, due to themadinergy that
reaches the reflecting surface not sent to theivecef light. The thermal efficiency is the paraerethat determines
the percentage of all the solar energy that reattteeabsorber and is transferred to the workinigl flu

No=p K. o (10)
1 = P/Paps (11)
(12)

ng: TIOXTI'[
3.3.5 Concentration Factor

The concentration factor (C) is determined by thkationship between floor area and the illuminaseda,
according to equation (13):

C =AJA (13)

4. RESULTS AND DISCUSSIONS

Using the equations presented were certain paramdteat reflect the efficiency of transformation of
electromagnetic energy into heat energy, by ther@eMini-Tower, the values are presented in Tdf)e

Tabela 1. Values of parameters for assessing efficiency.

Parameters Value calculated

Power absorbed 1463,6W

Power lost 499,84 W

Net power 963,75W
Optical efficiency 7%
Thermal efficiency 66%
Efficiency useful 51%

Factor concentration 35,22

Table (2) and (3) shows the average and maximumafahe general system model tower under studigleTa
(3) presents data obtained maximum.

Table 2.Average of three days of no-load test of the pypet

DAY Tmaximum absorber Taverage absorber Direct solar radiation
°C) (°C) (W/m2)
1 489,3 467,8 590,4
2 485,1 460,9 584,0
3 481,5 460,1 580,8
AVERAGE 485,3 462,9 585,1
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Table 3. Average of three days of test with loadifthe prototype.

November 15-20, 2009, Gramado, RS, Brazil

DAY Twater Tabsorber Tvapor Tinsulate Direct solar
radiation
(°C) (°C) (°C) (°0) (W/m?)
1 33,6 133,3 106,8 37,6 585,6
2 34,0 134,4 106,4 37,1 582,4
3 34,2 134,4 107,1 37,6 584,0
AVERAGE 33,9 134,0 106,8 37,4 584,0

The data indicate a maximum temperature of 500.88rG direct solar radiation of 600.0 W/ m2. Thesimage
temperature was 95.4% of the maximum temperatuhécharepresents a significant achievement, which loa
reached on the basis of appropriate solar conditigth radiation nearly constant for the perioddds

This constancy of radiation, necessary to an ap@@puse of systems that convert solar energy éfatric
energy using the effect of concentration, is pdesdmly in few regions of the world, among them Bmazilian
Northeast. The values point to an average temperatways above 450.0 ° C, for a direct solar ttamhiaalways
above 580,0 W/mz2.

The measured parameters show that the days seleadegixcellent solar conditions, nearly constastjesired. It
was only chosen days with virtually no cloud covedeal for operating a plant for generation of sdkeermal energy
and subsequently in processing power of low magdeitu

The temperature of the thermal insulation was drly0% above the ambient temperature, which shogsod
efficiency of the material used for this purposbe®fficiency of thermal insulation provided anahing of a higher
temperature of water steam. The absorber tempegatue significant with an average of 134.0° C, wack always
above the temperature of the fluid vapor.

The average direct solar radiation corresponds toourel 584.0 W/f which is
the average expected in the region of northea&waril, between 400.0 and 560.0 W/mz.

The data suggest temperatures of water steam alabgse 100.0° C, with average value of 106.8° C,

corresponding to 6.8% above the boiling temperatfithe used fluid. The amount of vaporized watesaround 7.5
liters in five hours of operation.

The graphs of Figures 10 and 11 below show thehehagiven by the measured temperatures of therabso
during the tests.

above

495

BT maximum absorber (C) BT average absorber (T)

489,3

490

485,1 4853

IS
=3
3]

4815

IS
@
3

IS
5
o

IS
k<
S

Temperature (°C)

IS
>
G

460,1
460

455

450

445

AVERAGE
Time (Day)

Figure 10. Behavior given and average temperatfrdgee days of testing without charge.
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Figure 11. Behavior given and average temperatfrédgee days of tests with load.

The cost of the system was rather low because iofugp scrap material for its construction, whiakiged to
minimize the cost of manufacture. The materialg thare purchased, mirror, glue, cable, steel, paamd welding
rods, and others, amounted to R$ 250,00.

According to the data obtained, the delivery systi#fnthe working fluid corresponds to an energy Ok¥8h.
Considering the five hours of operation per dayantounts 4,80kW/day. Since the price of the kW/h cost is
approximately R$ 0,37 it can be calculated that ¢kenomy in a year of use of the mini solar centoaver
corresponds to 4,80W/ day x 365 days x 0,37 R$ /kW = R$ 648,24.

5. CONCLUSIONS AND SUGGESTIONS

Based on the process and outcome of the modelrtesisim this paper the conclusions below are ptegen

1. It was demonstrated the feasibility of using thedn through the study of its type, to obtain th@sequent
generation of steam and electricity;

2. The processes of manufacture and assembly ofehtral tower model was simple, not requiring gigant
technical-scientific knowledge to be handled;

3. The difficulty of the tracking mechanism for keepithe focus always illuminated by sunlight, reougri
correction of positioning in short periods of tinie about 15 minutes, which requires a thorough job

4. It can be observed that the heliostats providedad goncentration of rays in the absorber, in allsanaa,
allowing to obtain a factor of considerable concatitn;

5.  The convective loss of the absorber were of mimagnitude, demonstrating the efficiency of the cosie
material used as a thermal insulator;

6. For the proper functioning of the mini-studied cahtower, it can be said that this system presari&rge
feasible tower to be applied, especially in ourigrgRequiring, however, an automated tracking raagm. This
system can be deployed in the near future for edétgtgeneration;

7. The thermal conversion subsystem comprising arerbind an alternator, may be of conventional tjpes
avoiding the need for further research;

8. Itis important that more tests are performed llis@asons of the year for a more real core ohiiré-tower.
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